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>Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b
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yyyy@yyyj@y8kN@3Rk3V
4 .2T�`iK2Mi Q7 1�`i? �M/ 1MpB`QMK2Mi�H 1M;BM22`BM;- *QHmK#B� lMBp2`bBiv- L2r
uQ`F- Lu- la�
4 .2T�`iK2Mi Q7 J2+?�MB+�H 1M;BM22`BM;- *QHmK#B� lMBp2`bBiv- L2r uQ`F- Lu- la�
UP_*A. yyyy@yyyj@k8Rj@y9jdV
1@K�BH, D/Qbb;QHHBM!`B+2X2/m

�#bi`�+iX qBMi2` biQ`K l`B #`Qm;?i b2p2`2 +QH/ iQ i?2 bQmi?2`M lMBi2/ ai�i2b BM
62#`m�`v kykR- +�mbBM; � +�b+�/BM; 7�BHm`2 Q7 BMi2`/2T2M/2Mi bvbi2Kb BM h2t�b r?2`2
BM7`�bi`m+im`2 r�b MQi �/2[m�i2Hv T`2T�`2/ 7Q` bm+? +QH/X AM T�`iB+mH�`- i?2 7�BHm`2 Q7
BMi2`+QMM2+i2/ 2M2`;v bvbi2Kb `2bi`B+i2/ 2H2+i`B+Biv bmTTHv Dmbi �b /2K�M/ 7Q` ?2�iBM;
bTBF2/- H2�pBM; KBHHBQMb Q7 h2t�Mb rBi?Qmi ?2�i Q` 2H2+i`B+Biv- K�Mv 7Q` b2p2`�H /�vbX
h?Bb KQiBp�i2b i?2 [m2biBQM, /B/ ?BbiQ`B+�H biQ`Kb bm;;2bi i?�i bm+? i2KT2`�im`2b r2`2
FMQrM iQ Q++m`- �M/ B7 bQ rBi? r?�i 7`2[m2M+v\ q2 +QKTmi2 � i2KT2`�im`2@#�b2/
T`Qtv 7Q` ?2�iBM; /2K�M/ �M/ mb2 i?Bb K2i`B+ iQ �Mbr2` i?2 [m2biBQM ǳr?�i rQmH/ i?2
�;;`2;�i2 /2K�M/ 7Q` ?2�iBM; ?�p2 #22M ?�/ ?BbiQ`B+ +QH/ bM�Tb Q++m``2/ rBi? iQ/�vǶb
TQTmH�iBQM\ǴX q2 }M/ i?�i HQ+�H i2KT2`�im`2b �M/ i?2 BM72``2/ /2K�M/ 7Q` ?2�iBM;
T2` +�TBi� �+`Qbb i?2 `2;BQM b2`p2/ #v i?2 h2t�b AMi2`+QMM2+iBQM r2`2 KQ`2 b2p2`2
/m`BM; � biQ`K BM .2+2K#2` RN3N i?�M /m`BM; 62#`m�`v kykR- �M/ i?�i +QH/ bM�Tb
BM RN8R �M/ RN3j r2`2 M2�`Hv �b b2p2`2X :Bp2M �MiB+BT�i2/ TQTmH�iBQM ;`Qri?- 7mim`2
biQ`Kb K�v H2�/ iQ 2p2M ;`2�i2` BM7`�bi`m+im`2 7�BHm`2b B7 �/�TiBp2 BMp2biK2Mib �`2 MQi
K�/2X 6m`i?2`- 2H2+i`B+Biv bvbi2K K�M�;2`b b?QmH/ T`2T�`2 7Q` i`2M/b BM 2H2+i`B}+�iBQM
Q7 ?2�iBM; iQ /`Bp2 T2�F �MMm�H HQ�/b QM i?2 h2t�b AMi2`+QMM2+iBQM /m`BM; b2p2`2 rBMi2`
biQ`KbX

E2vrQ`/b, 1M2`;v- 1H2+i`B+Biv- h2t�b- L�im`�H >�x�`/b- *HBK�i2 _2bBHB2M+2

am#KBii2/ iQ, 1MpB`QMX _2bX G2iiX



>Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\ k

RX AMi`Q/m+iBQM

"2ir22M 62#`m�`v R9i? �M/ Rdi?- kykR- � MQ`i?2`M �B` K�bb #H�MF2i2/ Km+? Q7 i?2
+QMiBM2Mi�H lMBi2/ ai�i2b- +�mbBM; �MQK�HQmbHv HQr bm`7�+2 i2KT2`�im`2b �+`Qbb i?2
:`2�i SH�BMbX h?2 bi�i2 Q7 h2t�b r�b T�`iB+mH�`Hv ?�`/ ?Bi- rBi? +QBM+B/2Mi �M/
+�b+�/BM; 7�BHm`2b Q7 M�im`�H ;�b T`Q/m+iBQM- TQr2` ;2M2`�iBQM- i`�MbTQ`i�iBQM- �M/
r�i2` bvbi2Kb H2�pBM; KBHHBQMb Q7 h2t�Mb rBi?Qmi 2H2+i`B+Biv- ?2�i- �M/ r�i2`- K�Mv 7Q`
b2p2`�H /�vb (R- k- j)X h?2b2 7�BHm`2b /BbT`QTQ`iBQM�i2Hv �z2+i2/ pmHM2`�#H2 TQTmH�iBQMb
(9)- H27i �i H2�bi RRR h2t�Mb /2�/ (8)- �M/ #`Qm;?i i?2 h2t�b 2H2+i`B+Biv ;`B/ rBi?BM
KBMmi2b Q7 +QHH�Tb2 (e)X

aBM+2 T`Q/m+iBQM �M/ /Bbi`B#miBQM Q7 2H2+i`B+Biv Bb TQbbB#H2 mM/2` +QM/BiBQMb 7�`
+QH/2` i?�M �Mv h2t�b 2tT2`B2M+2/ BM 62#`m�`v kykR- 2M2`;v bvbi2K 7�BHm`2b `2~2+i
BM�/2[m�i2 T`2T�`2/M2bb 7Q` +QH/X h?2b2 7�BHm`2b Q++m``2/ #Qi? #2+�mb2 2H2+i`B+Biv
/2K�M/ 2t+22/2/ T`QD2+iBQMb- �M/ #2+�mb2 2H2+i`B+Biv bmTTHv 7�BH2/ iQ K22i i?2KX PM
i?2 /2K�M/ bB/2- i?2 1H2+i`B+ _2HB�#BHBiv *QmM+BH Q7 h2t�b U1_*PhV- r?B+? QT2`�i2b
i?2 h2t�b AMi2`+QMM2+iBQM #mHF 2H2+i`B+ TQr2` bvbi2K U?2M+2 ǳh2t�b AMi2`+QMM2+iBQMǴV-
2biBK�i2/ i?�i i?2 T2�F /2K�M/ rQmH/ ?�p2 #22M 76 819MW rBi?Qmi HQ�/ b?2//BM;
(e)X h?Bb bm`T�bb2/ 1_*PhǶb ǳ2ti`2K2 rBMi2` 7Q`2+�biǴ Q7 67 208MW BM Bib b2�bQM�H
�bb2bbK2Mi Q7 `2bQm`+2 �/2[m�+v (d)X PM i?2 bmTTHv bB/2- i?2 h2t�b AMi2`+QMM2+iBQM
2tT2`B2M+2/ Qp2` 30 000MW Q7 HQbi QmiTmi 7Q` irQ +QMb2+miBp2 /�vb /m2 iQ Qmi�;2b �M/
/2`�i2b +�mb2/ #v +QH/ i2KT2`�im`2b (3)X � H�`;2 7`�+iBQM Q7 i?Bb bmTTHv b?Q`i7�HH- r?B+?
2t+22/2/ 1_*PhǶb rQ`bi@+�b2 b+2M�`BQ 7Q` 7Q`+2/ Qmi�;2b- Q`B;BM�i2/ BM i?2 M�im`�H ;�b
bmTTHv +?�BM (3- j- R)X

A7 i2KT2`�im`2b 2tT2`B2M+2/ BM i?2 `2;BQM b2`p2/ #v i?2 h2t�b AMi2`+QMM2+iBQM r2`2
mMT`2+2/2Mi2/- i?2M i?Bb 2p2Mi KB;?i T`QKTi /Bb+mbbBQM �#Qmi i?2 �TT`QT`B�i2 mb2 Q7
KQ/2Hb iQ T`2T�`2 7Q` 2p2Mib i?�i �`2 i?2Q`2iB+�HHv TQbbB#H2- #mi #2vQM/ i?2 Q#b2`p�iBQM�H
`2+Q`/X PM i?2 Qi?2` ?�M/- ?BbiQ`B+�H T`2+2/2Mi 7Q` bm+? i2KT2`�im`2b rQmH/ bm;;2bi �
#`Q�/2` H�+F Q7 BMbiBimiBQM�H �M/ BM7`�bi`m+im`�H `2�/BM2bbX Ai Bb i?2`27Q`2 BKTQ`i�Mi iQ
�bb2bb r?2i?2` ?BbiQ`B+�H /�i� Qz2`2/ � T`2+2/2Mi 7Q` i?2 i2KT2`�im`2b Q#b2`p2/ /m`BM;
62#`m�`v kykRX

hQ �Mbr2` i?Bb [m2biBQM- r2 }`bi +QKTmi2 i?2 TQTmH�iBQM r2B;?i2/ /Bz2`2M+2
#2ir22M Q#b2`p2/ i2KT2`�im`2b �M/ � bi�M/�`/ BM/QQ` i2KT2`�im`2 Q7 65 êF �b � T`Qtv
7Q` i?2 mMFMQrM ?2�iBM; /2K�M/- i?2M mb2 bi�M/�`/ bi�iBbiB+�H T`Q+2/m`2b iQ �bb2bb i?2
T`Q#�#BHBiv rBi? r?B+? i?2 i2KT2`�im`2b Q#b2`p2/ /m`BM; 62#`m�`v kykR KB;?i ?�p2 #22M
2tT2+i2/ iQ Q++m` � T`BQ`BX q2 i?2M bmTTH2K2Mi i?Bb rBi? � bT�iB�HHv /Bbi`B#mi2/ �M�HvbBb
Q7 ?Qr mM2tT2+i2/ i?2 +QH/ 2tT2`B2M+2/ #v HQ+�H `Q�/b- r�i2` K�BMb- ;�b TBT2HBM2b-
2M2`;v ;2M2`�iBQM 7�+BHBiB2b- �M/ +`BiB+�H BM7`�bi`m+im`2 BMbi�HH�iBQMb r�b �+`Qbb h2t�bX
q2 +QM+Hm/2 #v /Bb+mbbBM; i?2 BKTHB+�iBQMb Q7 i?2b2 }M/BM;b 7Q` HQM;@i2`K 2H2+i`B+Biv
bvbi2Kb TH�MMBM; ;Bp2M �MiB+BT�i2/ TQTmH�iBQM ;`Qri? �M/ 2H2+i`B}+�iBQMX
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RXRX S`2pBQmb *QH/ aM�Tb BM h2t�b

h2t�b bi�i2 +HBK�iQHQ;Bbi CQ?M LB2Hb2M@:�KKQM r`Qi2 BM kyRR i?�i ǳrBMi2` r2�i?2` Bb �
/�M;2` iQ hs BM T�`i #2+�mb2 Bi Bb bQ `�`2-Ǵ (N)X S`2pBQmb +QH/ bM�Tb BM h2t�b- MQi�#Hv BM
R3NN- RN8R- RN3j- RN3N- �M/ kyRR Ub22 };X R �M/ bmTTH2K2Mi�H };X aRV- ?�p2 �z2+i2/ #Qi?
?mK�M �M/ 2+QHQ;B+�H bvbi2KbX 6Q` 2t�KTH2- i?2 RN8R +QH/ 2p2Mi +�mb2/ � bB;MB}+�Mi
/B2@Qz Q7 }b? HB72 BM i?2 b?�HHQr :mH7 *Q�bi (Ry)X

h?2 bT2+B}+ bT�iBQi2KTQ`�H bi`m+im`2 Q7 � +QH/ 2p2Mi- �M/ Bib +Q``2bTQM/2M+2 rBi?
TQTmH�iBQM +2Mi2`b- /2i2`KBM2b i?2 ;`B/@rB/2 /2K�M/ 7Q` ?2�iBM; Ub22 b2+iBQM kXkVX
h?2 bi`m+im`2 Q7 i?2 biQ`K �HbQ /`Bp2b i?2 �;;`2;�i2/ ?�x�`/ iQ 2M2`;v BM7`�bi`m+im`2-
r?B+? ?�b BKTHB+�iBQMb 7Q` i?2 +Qbib �M/ #2M2}ib Q7 BM7`�bi`m+im`2 ?�`/2MBM;X h?2
bT�iBQi2KTQ`�H T�ii2`Mb Q7 ?BbiQ`B+�H +QH/ bM�Tb BM h2t�b �`2 BHHmbi`�i2/ BM };X R �M/
bmTTH2K2Mi�H };bX aR �M/ akX �Hi?Qm;? i?2 bT�iBQi2KTQ`�H bi`m+im`2 Q7 2�+? 2p2Mi
Bb /BbiBM+i- Bi Bb �TT�`2Mi i?�i +QH/ 2ti`2K2b BM h2t�b i2M/ iQ +Q@Q++m` rBi? +QH/
i2KT2`�im`2b �+`Qbb Km+? Q7 i?2 lMBi2/ ai�i2b- T�`iB+mH�`Hv i?2 :`2�i SH�BMbX q?BH2
i?2 kykR 2p2Mi r�b b2p2`2- /�BHv i2KT2`�im`2 2ti`2K� BM h2t�b �TT2�` [m�HBi�iBp2Hv
+QKT�`�#H2 iQ ?BbiQ`B+�H 2p2MibX h?2 ǳ:`2�i "HBxx�`/Ǵ Q7 62#`m�`v R3NN- b?QrM BM
bmTTH2K2Mi�H };X aR- +�mb2/ 2p2M KQ`2 BMi2Mb2 +QH/X

kX .�i� �M/ J2i?Q/b

q2 mb2 i?`22 /BbiBM+i /�i�b2ib iQ �M�Hvx2 i2KT2`�im`2 KBMBK� BM i?2 `2;BQM +Qp2`2/
#v i?2 h2t�b AMi2`+QMM2+iBQM i?`Qm;? i?2 H2Mb Q7 /Bbi`B#mi2/ U2�+? ;`B/ +2HH �M�Hvx2/
b2T�`�i2HvV �M/ �;;`2;�i2/ Ur2B;?i2/ �p2`�;2b i�F2M �+`Qbb bT�+2V 2ti`2K2 p�Hm2b
�M�HvbBbX

kXRX .�i�b2ib

q2 mb2 i?`22 i2KT2`�im`2 /�i�b2ib iQ 2Mbm`2 `Q#mbi }M/BM;b,
UBV >Qm`Hv 2m �B` i2KT2`�im`2 `2�M�HvbBb QM � 0.25ê ;`B/ 7`QK i?2 1_�@8 `2�M�HvbBb

T`QD2+i T`Q/m+2/ #v i?2 1m`QT2�M *2Mi`2 7Q` J2/BmK _�M;2 q2�i?2` 6Q`2+�biBM;
(RR) �M/ �p�BH�#H2 7`QK i?2 *QT2`MB+mb .�i� aiQ`2 U?iiTb,ff+/bX+HBK�i2X
+QT2`MB+mbX2mV 7`QK RN8y iQ i?2 T`2b2MiX h?2 T2`BQ/ 7`QK RN8y iQ RNdN Bb `2H2�b2/
�b � T`2HBKBM�`v #�+F 2ti2MbBQMX �HH THQib b?QrM BM i?2 K�BM i2ti mb2 i?2 1_�@8
/�i�- #mi bmTTH2K2Mi�H };m`2b mb2 Qi?2` /�i� b2ibX

UBBV .�BHv K2�M- KBMBKmK �M/ K�tBKmK i2KT2`�im`2b- ;`B//2/ iQ 1ê- T`Q/m+2/ #v
"2`F2H2v 1�`i? U?iiT,ff#2`F2H2v2�`i?XQ`;f/�i�fVX h?Bb ;`B//2/ T`Q/m+i Bb
#�b2/ QM bi�iBbiB+�H �M�HvbBb Q7 bi�iBQM /�i� �M/ Bb �p�BH�#H2 7`QK R33y iQ kyRNX h?Bb
/�i�b2i Bb +QMbB/2`2/ �M 2tT2`BK2Mi�H T`Q/m+i- bQ r2 mb2 Bi QMHv 7Q` +QKT�`�iBp2
Tm`TQb2bX

UBBBV hQ +QKTH2K2Mi #H2M/2/ ;`B//2/ /�i� T`Q/m+ib- r2 mb2 bi�iBQM i2KT2`�im`2 /�i�
7`QK i?2 :HQ#�H >BbiQ`B+�H *HBK�iQHQ;v L2irQ`F U:>*LV /�i�b2i +QKTBH2/ #v i?2

https://cds.climate.copernicus.eu
https://cds.climate.copernicus.eu
http://berkeleyearth.org/data/
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6B;m`2 RX a2p2`2 +QH/ bM�Tb i?�i �z2+i h2t�b �M/ 2ti2M/ BMiQ i?2 +2Mi`�H lMBi2/
ai�i2b ?�p2 b2p2`�H T`2+2/2Mib BM i?2 ?BbiQ`B+�H `2+Q`/X SHQi b?Qrb �MQK�HB2b Q7 /�BHv
K2�M i2KT2`�im`2b 7`QK i?2 1_�@8 `2�M�HvbBb (RR) 7Q` ?BbiQ`B+ K�DQ` +QH/ 2p2Mib
�z2+iBM; h2t�b- /2}M2/ �b i?2 /2T�`im`2 7`QK i?2 b2�bQM�H U.2+2K#2`@62#`m�`vV K2�M
Q7 i?2 Q#b2`p�iBQM�H `2+Q`/X �MQK�HB2b 7�+BHBi�i2 B/2MiB}+�iBQM Q7 H�`;2@b+�H2 r2�i?2`
T�ii2`Mb bmT2`BKTQb2/ QM HQM;@i2`K +HBK�iQHQ;B+�H �p2`�;2bX >Qm`Hv i2KT2`�im`2b
�`2 �p2`�;2/ iQ R@/�v U�-/-;-D-KV- j@/�v U#-2-?-F-MV- �M/ 8@/�v U+-7-B-H-QV �p2`�;2
i2KT2`�im`2 �MQK�HB2bX
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L�iBQM�H P+2�M �M/ �iKQbT?2`B+ �/KBMBbi`�iBQM (Rk) �M/ �p�BH�#H2 �i ?iiTb,ff
rrrRXM+/+XMQ��X;QpfTm#f/�i�f;?+Mf/�BHvfX h?Bb /�i�b2i T`QpB/2b /�BHv K2�M-
K�tBKmK- �M/ KBMBKmK i2KT2`�im`2 Q#b2`p�iBQMbX h?2b2 K2�bm`2K2Mib `2T`2b2Mi
TQBMi K2�bm`2K2Mib- r?B+? +�M /Bz2` BM BKTQ`i�Mi r�vb 7`QK ;`B//2/ T`Q/m+ib
/2b+`B#BM; bT�iB�H �p2`�;2b /m2 iQ i?2 bT�iB�H ?2i2`Q;2M2Biv Q7 i2KT2`�im`2 }2H/bX
q2 `2i�BM bi�iBQMb rBi?BM i?2 bi�i2 Q7 h2t�b B7 i?2v T`QpB/2 �i H2�bi ey v2�`b Q7
/�i� �M/ B7 i?2v +QMi�BM Q#b2`p�iBQMb 7Q` i?2 b2i Q7 ?BbiQ`B+�H +QH/ 2ti`2K2b b?QrM
BM };X RX

q2 �HbQ mb2 TQTmH�iBQM /2MbBiv /�i� 7`QK i?2 :Sqp9 /�i�b2i (Rj)- � HBbi Q7 TQr2`
;2M2`�iBQM 7�+BHBiB2b 7`QK i?2 la 1M2`;v AM7Q`K�iBQM �/KBMBbi`�iBQM (R9)- �M/ � K�T Q7
i?2 h2t�b AMi2`+QMM2+iBQM (R8)X

kXkX AM72``2/ ?2�iBM; /2K�M/ T2` +�TBi�

JQbi bT�+2 ?2�iBM; BM h2t�b Bb 2Bi?2` 2H2+i`B+ Q` ;�b (Re) �M/ i?2 K�DQ`Biv Q7 TQr2`
;2M2`�iBQM BM i?2 h2t�b AMi2`+QMM2+iBQM /2T2M/b QM M�im`�H ;�b (Rd)X ai`2bb QM M�im`�H
;�b T`Q/m+iBQM �M/ /2HBp2`v r�b i?2`27Q`2 Dmbi �b BKTQ`i�Mi �b i?2 KQ`2 pBbB#H2 bi`2bb
QM i?2 2H2+i`B+ bvbi2K (3)X

h?2 ?Qm`Hv Q` /�BHv i?2`K�H 2M2`;v `2[mB`2K2Mi 7Q` bT�+2 ?2�iBM; Bb T`BK�`BHv /`Bp2M
#v ?Qr Km+? HQr2` i?2 �K#B2Mi i2KT2`�im`2 Bb i?�M �M BM/QQ` +QK7Q`i i2KT2`�im`2 Q7
65 êFX h?Bb `2H�iBQMb?BT Bb Q7i2M 2tT`2bb2/ BM i2`Kb Q7 ?2�iBM; /2;`22 /�vb Q` ?Qm`bX
q2 i?2`27Q`2 +QMbB/2` i?2 /Bz2`2M+2 #2ir22M Q#b2`p2/ i2KT2`�im`2b �M/ � bi�M/�`/
BM/QQ` i2KT2`�im`2 Q7 65 êF �b � T`Qtv 7Q` i?2`K�H ?2�iBM; /2K�M/X q2 +QKTmi2
i?Bb p�Hm2 2�+? ?Qm` 7Q` i?2 1_�8 /�i�- /2}MBM; ?2�iBM; /2K�M/ �i 2�+? ;`B/ +2HH �b
>.t = max(65 − Tt, 0)- r?2`2 Tt Bb i?2 i2KT2`�im`2 �i ?Qm` t BM êFX h?2 "2`F2H2v
1�`i? �M/ :>*L /�i�b2ib T`QpB/2 /�BHv KBMBKmK �M/ K�tBKmK i2KT2`�im`2b- bQ r2
/2}M2 ?2�iBM; /2K�M/ �i 2�+? ;`B/ +2HH Q` bi�iBQM �b >.d = max(65 − TKBM,d+TK�t,d

2 , 0)-
r?2`2 TKBM,d Bb i?2 KBMBKmK i2KT2`�im`2 `2+Q`/2/ QM /�v d �M/ TK�t,d Bb i?2 K�tBKmK
i2KT2`�im`2 `2+Q`/2/ QM /�v d- #Qi? BM êFX

hQ �bb2bb ?Qr bT�iB�HHv +Q``2H�i2/ +QH/ bT2HHb KB;?i �z2+i i?2 h2t�b 2H2+i`B+ ;`B/- r2
�p2`�;2 ?2�iBM; /2K�M/ BM bT�+2 Qp2` i?2 h2t�b AMi2`+QMM2+iBQM /QK�BM (R8)- r2B;?iBM;
2�+? ;`B/ +2HH #v kyky TQTmH�iBQM /2MbBiv (Rj)X q2 `272` iQ i?Bb bT�iB�HHv �;;`2;�i2/
iBK2 b2`B2b- r?B+? ?�b i?2 bi`�B;?i7Q`r�`/ BMi2`T`2i�iBQM �b i?2 �p2`�;2 ?2�iBM; /2K�M/
2tT2`B2M+2/ #v � h2t�b `2bB/2Mi- �b ǳBM72``2/ ?2�iBM; /2K�M/ T2` +�TBi�XǴ

kXjX _2im`M S2`BQ/

_2im`M T2`BQ/b /2}M2 i?2 T`Q#�#BHBiv rBi? r?B+? � T�`iB+mH�` 2p2Mi +�M #2 2tT2+i2/
iQ Q++m`X "v /2}MBiBQM- �M 2p2Mi rBi? `2im`M T2`BQ/ T v2�`b ?�b � 1

T T`Q#�#BHBiv Q7
Q++m``BM; BM � ;Bp2M v2�`X

6Q` 2�+? 2p2Mi /m`�iBQM +QMbB/2`2/- r2 +�H+mH�i2/ `2im`M T2`BQ/b #v }iiBM; �
bi�iBQM�`v ;2M2`�HBx2/ 2ti`2K2 p�Hm2 U:1oV /Bbi`B#miBQM iQ i?2 iBK2 b2`B2b Q7 �MMm�H

https://www1.ncdc.noaa.gov/pub/data/ghcn/daily/
https://www1.ncdc.noaa.gov/pub/data/ghcn/daily/
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K�tBK� Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� UBM b2+iBQM jV Q` iQ i?2 iBK2 b2`B2b Q7 −T -
r?2`2 T Bb i2KT2`�im`2 Ub2+iBQM 9VX h?Bb M2;�iBp2 p�Hm2 Bb �M�Hvx2/ #2+�mb2 i?2 :1o
/Bbi`B#miBQM Bb DmbiB}2/ 7Q` #HQ+F K�tBK�- #mi r2 �M�Hvx2 �MMm�H KBMBKmK i2KT2`�im`2b
BM b2+iBQM 9X 1p2Mib i?�i Q++m` BM .2+2K#2` �`2 +Q/2/ iQ i?2 7QHHQrBM; v2�` bQ i?�i �
bBM;H2 .2+2K#2`@62#`m�`v rBMi2` b2�bQM Bb ;`QmT2/ iQ;2i?2`X h?2 kykR rBMi2` b2�bQM
r�b 2t+Hm/2/ 7`QK `2im`M T2`BQ/ 2biBK�i2b- �HHQrBM; mb iQ BMi2`T`2i `2im`M T2`BQ/b 7Q`
i?2 62#`m�`v kykR 2p2Mi �b � T`BQ`B 2biBK�i2bX

kX9X *QH/ .m`�iBQM

h?2 2z2+i Q7 +QH/ i2KT2`�im`2b QM 2M2`;v /2K�M/ �M/ +`BiB+�H BM7`�bi`m+im`2 /2T2M/b
QM ?Qr HQM; i?2 +QH/ T2`bBbibX a?Q`i /m`�iBQM +QH/ bM�Tb +�M FBHH TH�Mib- 7`22x2 2tTQb2/
TBT2b- 7`22x2 rBM/ im`#BM2b- �M/ +QMi`B#mi2 iQ /�M;2`Qmb `Q�/r�v +QM/BiBQMbX GQM;2`
/m`�iBQM +QH/ bT2HHb +QMi`B#mi2 iQ /2K�M/ 7Q` ?2�iBM; �M/ 2M2`;v �M/ +�mb2 TBT2b iQ
#m`bi 2p2M B7 i?2v ?�p2 bQK2 BMbmH�iBQMX q2 +�H+mH�i2 /2K�M/ 7Q` ?2�iBM; #v i�FBM;
i2KTQ`�H �p2`�;2b Qp2` � `�M;2 Q7 /m`�iBQMb 7`QK R ?Qm` iQ 9 /�vbX

kX8X *Q/2 �M/ .�i�

q2 �`2 +QKKBii2/ iQ QT2M b+B2M+2X Pm` QT2M bQm`+2 +Q/2 Bb 7`22Hv �p�BH�#H2 BM � HBp2
`2TQbBiQ`v �i ?iiTb,ff;Bi?m#X+QKfD/Qbb;QHHBMfkykR@hsi`2K2 �M/ BM �M �`+?Bp2/
`2TQbBiQ`v �i ?iiTb,ff/tX/QBXQ`;fRyX8k3Rfx2MQ/QX9djN33RX

jX >Qr 2ti`2K2 r�b BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� Qp2` i?2 h2t�b
AMi2`+QMM2+iBQM\

h?2 iQi�H b?Q+F iQ h2t�b ?2�iBM; /2K�M/ Bb T�`iB�HHv /2i2`KBM2/ #v i?2 2ti2Mi iQ r?B+?
+QH/ bM�Tb BKT�+i KmHiBTH2 TQTmH�iBQM +2Mi2`b bBKmHi�M2QmbHvX �b bm+?- mM/2`bi�M/BM;
r?2i?2` i?2`2 r�b T`2+2/2Mi 7Q` � +QH/ bM�T bBKmHi�M2QmbHv �z2+iBM; b2p2`�H `2;BQMb
Q7 h2t�bǶb ;`B/ i?�i iQ/�v ?�p2 ?B;? TQTmH�iBQM /2MbBiv Bb +`BiB+�HX q2 i?2`27Q`2
mb2 Qm` K2�bm`2 Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� Ub22 b2+iBQM kXkV iQ `2T`2b2Mi
i?2 �;;`2;�i2 ?2�iBM; /2K�M/ BM/m+2/ #v +QH/ i2KT2`�im`2bX �;;`2;�iBM; ?BbiQ`B+
i2KT2`�im`2 }2H/b BM bT�+2 mbBM; i?2 kyky TQTmH�iBQM- r2 �Mbr2` i?2 [m2biBQM ǳr?�i
rQmH/ i?2 �;;`2;�i2 /2K�M/ 7Q` ?2�iBM; ?�p2 #22M ?�/ ?BbiQ`B+ +QH/ bM�Tb Q++m``2/
iQ/�v\Ǵ

6B;m`2 k b?Qrb i?�i i?2 BMi2MbBiv- /m`�iBQM- �M/ `2+m``2M+2 BMi2`p�Hb Q7 i?2 62#`m�`v
kykR biQ`K �`2 b2p2`2 #mi MQi mMT`2+2/2Mi2/ BM i?2 ?BbiQ`B+�H `2+Q`/X 6Q` 2t�KTH2- �i
i?2 e ?Qm` /m`�iBQM i?2 .2+2K#2` RN3N biQ`K r�b bm#bi�MiB�HHv KQ`2 BMi2Mb2 �M/ Qi?2`
biQ`Kb BM+Hm/BM; 62#`m�`v RN8R r2`2 M2�`Hv �b BMi2Mb2X �i i?2 irQ /�v /m`�iBQM- i?2
kykR �M/ RN3N 2p2Mib r2`2 �TT`QtBK�i2Hv 2[m�HHv BMi2Mb2 �M/ Qi?2` biQ`Kb BM+Hm/BM;
.2+2K#2` RN3j r2`2 M2�`Hv �b BMi2Mb2X h?2 kyRR biQ`K- r?B+? +�mb2/ `QHHBM; #H�+FQmib
�M/ KQiBp�i2/ `2b2�`+? BMiQ i?2 2M2`;v bvbi2KǶb pmHM2`�#BHBiv iQ +QH/ (R3)- r�b [mBi2

https://github.com/jdossgollin/2021-TXtreme
https://dx.doi.org/10.5281/zenodo.4739881
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6B;m`2 kX h?2 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� BM/m+2/ #v i?2 62#`m�`v kykR
+QH/ bM�T Bb MQi mMT`2+2/2Mi2/X 6Q` i?2 rQ`bi e ?Qm`b- i?2 RN3N 2p2Mi r�b KQ`2 b2p2`2
i?�M i?2 kykR 2p2Mi- r?BH2 i?2v �`2 +QKT�`�#H2 7Q` HQM;2` /m`�iBQMbX U�V, iBK2 b2`B2b
Q7 �MMm�H K�tBKmK BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� Ub2+iBQM kXkV �i e ?Qm` �M/
k /�v /m`�iBQMbX .2+2K#2` 2ti`2K2b- BM+Hm/BM; i?2 .2+2K#2` RN3N biQ`K- �`2 +Q/2/
iQ i?2 7QHHQrBM; v2�` bQ i?�i QM2 K�tBKmK T2` .2+2K#2`@62#`m�`v rBMi2` b2�bQM Bb
i�F2MX U#V, i?2 BMi2MbBiv@/m`�iBQM@7`2[m2M+v BMi2`p�Hb 2biBK�i2/ mbBM; RN8y@kyky /�i�
UBX2X- MQi mbBM; i?2 kykR 2p2MiV- Qp2`H�B/ #v i?2 �MMm�H K�tBK� 7`QK i?2 RN3N- kyRR-
�M/ kykR 2p2MibX :`�v /�b?2/ HBM2b BM/B+�i2 k- 8- Ry- k8- 8y- �M/ Ryy v2�` `2im`M H2p2HbX

KQ/2bi #v +QKT�`BbQMX h?2 `B;?i T�M2H b?Qrb bi�iBbiB+�H `2im`M T2`BQ/b 7Q` i?2b2 2ti`2K2
2p2MibX

9X aT�iB�HHv /Bbi`B#mi2/ i2KT2`�im`2 2ti`2K2b

Ai Bb /B{+mHi iQ 2bi�#HBb? � bT�iB�HHv �;;`2;�i2/ T`Qtv 7Q` bmTTHv@bB/2 `BbF ;Bp2M +QKTH2t
BMi2`HBMF�;2b #2ir22M M�im`�H ;�b- 2H2+i`B+- �M/ Qi?2` bvbi2Kb r?B+? +`2�i2 i?2 TQbbB#BHBiv
7Q` +�b+�/BM; 7�BHm`2b �b Q#b2`p2/ BM 62#`m�`v kykRX q�i2` i`2�iK2Mi �M/ /Bbi`B#miBQM
bvbi2Kb- �b r2HH �b Qi?2` 2bb2MiB�H b2`pB+2b- �HbQ `2Hv QM 2H2+i`B+Biv- 7m`i?2` BM+`2�bBM;
pmHM2`�#BHBiB2bX AMbi2�/ Q7 �;;`2;�iBM; i?Bb `BbF BM bT�+2- r2 2biBK�i2 i?2 2t+22/�M+2
T`Q#�#BHBiv Q7 i?2 62#`m�`v kykR i2KT2`�im`2b �i 2�+? ;`B/ +2HH b2T�`�i2Hv iQ b?2/ HB;?i
QM i?2 b2p2`Biv Q7 +QH/ 2tT2`B2M+2/ #v BMbi�HH�iBQMb �+`Qbb i?2 `2;BQMX

6B;m`2 j b?Qrb HQ+�H `2im`M T2`BQ/b 7Q` 62#`m�`v kykR i2KT2`�im`2 �i e ?Qm`- R /�v-
k /�v- �M/ 9 /�v /m`�iBQMbX Pi?2` i?�M � #�M/ 7`QK bQmi?@+2Mi`�H iQ bQmi?@2�bi h2t�b-
M2�`Hv �HH `2;BQMb Q7 i?2 h2t�b AMi2`+QMM2+iBQM U;`�v QmiHBM2 BM };X j�-/V 2tT2`B2M+2/ +QH/
rBi? � `2im`M T2`BQ/ #2HQr 8y v2�`bX _2bmHib �`2 bBKBH�` mbBM; bi�iBQM /�i� UbmTTH2K2Mi�H
};X ajVX AKTQ`i�MiHv 7Q` i?2 2M2`;v bvbi2K- i?2 #�M/ 2tT2`B2M+BM; +QH/ rBi? `2im`M
T2`BQ/ ;`2�i2` i?�M 8y v2�`b BM+Hm/2b � bm#bi�MiB�H 7`�+iBQM Q7 h2t�bǶb TQTmH�iBQM
U};X j�V �M/ M�im`�H ;�b ;2M2`�iBQM U};X j/VX PmibB/2 i?2 h2t�b AMi2`+QMM2+iBQM `2;BQM-
i?2 JB/+QMiBM2Mi AM/2T2M/2Mi avbi2K PT2`�iQ` �M/ aQmi?r2bi SQr2` SQQH BMbi`m+i2/
miBHBiB2b iQ b?2/ }`K HQ�/X u2i /2bTBi2 HQ+�H `2im`M T2`BQ/b 7Q` i2KT2`�im`2 BM +2Mi`�H
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6B;m`2 jX _2im`M T2`BQ/b 7Q` i?2 62#`m�`v kykR 2p2Mi- +�H+mH�i2/ mbBM; bi�iBQM�`v
2biBK�i2b Q7 �MMm�H 2ti`2K2b Qp2` i?2 T2`BQ/ RN8y@kykyX _2im`M T2`BQ/b �`2 +�H+mH�i2/
b2T�`�i2Hv 7Q` 2�+? +2HHX U�V, 2biBK�i2b Q7 kyky TQTmH�iBQM /2MbBiv (Rj)X U/V, 2M2`;v
;2M2`�iBQM 7�+BHBiB2b BM h2t�b (R9)X U#-+-2-7V, HQ+�H `2im`M T2`BQ/b 7Q` e ?Qm`- R /�v- k
/�v- �M/ 9 /�v /m`�iBQMb- `2bT2+iBp2HvX *QMiQm`b 2M+HQb2 `2;BQMb i?�i `2+Q`/2/ 8y �M/
Ryy v2�` `2im`M H2p2HbX h?2 ;`�v `2;BQM BM T�M2Hb U�V �M/ U/V b?Qrb #QmM/�`B2b Q7 i?2
h2t�b AMi2`+QMM2+iBQM (R8)X

PFH�?QK� 2[m�H iQ Q` ;`2�i2` i?�M HQ+�H `2im`M T2`BQ/b 7Q` i2KT2`�im`2 BM h2t�b- NkW
Q7 i?2 +mbiQK2`b BM h2t�b- GQmBbB�M�- �M/ PFH�?QK� rBi?Qmi TQr2` r2`2 BM h2t�b (R)X

8X .Bb+mbbBQM

Pm` bT�iB�HHv �;;`2;�i2/ K2i`B+ Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� b?Qrb i?�i i?2
62#`m�`v kykR 2p2Mi r�b BMi2Mb2 #mi MQi rBi?Qmi T`2+2/2Mi BM i?2 ?BbiQB`+�H `2+Q`/
U};X kVX �Hi?Qm;? bT2+B}+ HQ+�iBQMb 2tT2`B2M+2/ p2`v BMi2Mb2 U> 100 v2�` `2im`M T2`BQ/V
i2KT2`�im`2b- r2 }M/ i?�i 7Q` KQbi HQ+�iBQMb BM h2t�b i?2 i2KT2`�im`2b `2+Q`/2/ /m`BM;
i?2 62#`m�`v kykR +QH/ bM�T ?�/ T`2+2/2Mi BM i?2 ?BbiQ`B+�H `2+Q`/X

� T`QtBK�i2 +�mb2 Q7 HQ�/ b?2//BM; BM i?2 h2t�b AMi2`+QMM2+iBQM /m`BM; 62#`m�`v
kykR r�b i?2 pmHM2`�#BHBiv Q7 i?2 2H2+i`B+Biv ;2M2`�iBQM bvbi2K iQ +QH/ (Rd)X �b b?QrM
BM bmTTH2K2Mi�H };X a3- ;2M2`�iQ` Qmi�;2b Q++m``2/ �+`Qbb i?2 bi�i2- 2p2M i?Qm;? KQbi
T�`ib Q7 i?2 bi�i2 ?�/ T`2pBQmbHv 2tT2`B2M+2/ bBKBH�`Hv BMi2Mb2 +QH/- MQi�#Hv BM RN3N
U};X j �M/ bmTTH2K2Mi�H };X ajVX u2i /2bTBi2 i2KT2`�im`2b i?�i r2`2- BM �;;`2;�i2-
KQ`2 BMi2Mb2- i?2 h2t�b AMi2`+QMM2+iBQM 2tT2`B2M+2/ 72r2` i?�M i?`22 ?Qm`b Q7 `QHHBM;
#H�+FQmib 7`QK .2+2K#2` kR@kj- RN3N (RN- ky)X 6QHHQrBM; i?2 RN3j- RN3N- �M/ kyRR
+QH/ bM�Tb- i?2 LQ`i? �K2`B+�M 1H2+i`B+ _2HB�#BHBiv *Q`TQ`�iBQM UL1_*V B/2MiB}2/
ǳ+QMbi`�BMib QM M�im`�H ;�b 7m2H bmTTHB2b iQ ;2M2`�iBM; TH�MibǴ �M/ ǳ;2M2`�iBM; mMBi
i`BTb- /2`�i2b- Q` 7�BHm`2 iQ bi�`i /m2 iQ r2�i?2` `2H�i2/ +�mb2bǴ �b F2v pmHM2`�#BHBiB2b
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(kR)- 7Q`2b?�/QrBM; K�Mv Q7 i?2 +�mb2b Q7 62#`m�`v kykR 2M2`;v bvbi2K 7�BHm`2b B/2MiB}2/
#v 1_*Ph (3- e)X q?BH2 Qm` �M�HvbBb M2;H2+ib Qi?2` K2i2Q`QHQ;B+�H 7�+iQ`b- HBF2 7`22xBM;
`�BM- i?�i K�v ?�p2 BKT2/2/ QT2`�iBQMb �i bT2+B}+ 7�+BHBiB2b- r2 }M/ i?�i i?2 62#`m�`v
kykR 7�BHm`2b Q7 2M2`;v �M/ 2H2+i`B+Biv bvbi2Kb BM i?2 h2t�b AMi2`+QMM2+iBQM iQQF TH�+2
/m`BM; i2KT2`�im`2b rBi? T`2+2/2Mi BM i?2 ?BbiQ`B+�H `2+Q`/X

�MQi?2` +�mb2 Q7 HQ�/ b?2//BM; r�b i?2 ?B;? /2K�M/ 7Q` 2H2+i`B+Biv i?�i HQr
i2KT2`�im`2b BM/m+2/X AM 7�+i- �`QmM/ 88W Q7 #Qi? `2bB/2MiB�H �M/ +QKK2`+B�H bT�+2b
BM h2t�b �`2 +m``2MiHv ?2�i2/ mbBM; 2H2+i`B+Biv (Re) �M/ 7m`i?2` 2H2+i`B}+�iBQM Bb � +2Mi`�H
2H2K2Mi Q7 K�Mv TH�Mb iQ /2+�`#QMBx2 i?2 2M2`;v b2+iQ` (kk- kj- k9)X q?BH2 bmKK2`
T2�F HQ�/b ?�p2 #22M � +2Mi`�H TH�MMBM; +QM+2`M QM i?2 h2t�b ;`B/ BM i?2 T�bi- Bi Bb
HBF2Hv i?�i rBMi2` T2�F HQ�/b rBHH #2+QK2 � ;`2�i2` +QM+2`M BM i?2 +QKBM; /2+�/2bX AM
7�+i- i?2 2biBK�i2/ 76 819MW Q7 T2�F /2K�M/ rBi?Qmi HQ�/ b?2//BM; /m`BM; i?Bb 2p2Mi
(e) 2t+22/2/ MQi QMHv i?2 T`2pBQmb rBMi2` /2K�M/ `2+Q`/ Q7 65 900MW `2+Q`/2/ QM
C�Mm�`v Rd- kyR3 #mi �HbQ i?2 �HH@b2�bQM `2+Q`/ �+im�H /2K�M/ Q7 74 800MW `2+Q`/2/
QM �m;mbi RN- kyRN (Rd)X �b 2H2+i`B}+�iBQM Q7 ?2�iBM; +QMiBMm2b- b2p2`2 +QH/ bM�Tb K�v
/`Bp2 T2�F /2K�M/b QM i?2 h2t�b AMi2`+QMM2+iBQMX

Pm` T`BK�`v }M/BM;b ?QH/ 7Q` �M �Hi2`M�iBp2 ;`B//2/ /�i�b2i �M/ bi�iBQM /�i� Ub22
bmTTH2K2Mi�H K�i2`B�HVX >Qr2p2`- +�H+mH�i2/ `2im`M T2`BQ/b �`2 b2MbBiBp2 iQ i?2 K2i?Q/
Q7 2biBK�iBQM UbmTTH2K2Mi�H };bX a8 �M/ aeVX 6mim`2 �M�HvbBb +QmH/ �//`2bb T�`�K2i`B+
mM+2`i�BMiv- KQ/2H bi`m+im`2 mM+2`i�BMiv (k8)- MQM@bi�iBQM�`Biv (ke)- Q` `2;BK2@HBF2 KQ/2b
Q7 +HBK�i2 p�`B�#BHBiv (kd)X JQ`2 7mM/�K2Mi�HHv- �M �bb2bbK2Mi Q7 2tTQbm`2 iQ +QH/
2ti`2K2b Qp2` i?2 M2ti /2+�/2b b?QmH/ +QMbB/2` i?2 /22THv mM+2`i�BM /Bbi`B#miBQM Q7
7mim`2 +HBK�i2 +?�M;2- �M/ i?2 BM/m+2/ 2z2+i QM +QH/ 2ti`2K2b BM h2t�bX �Hi?Qm;?
� #`Q�/ b+B2MiB}+ +QMb2Mbmb bm;;2bib i?2 7`2[m2M+v Q7 +QH/ 2ti`2K2b b?QmH/ /2+`2�b2
mM/2` r�`KBM; BM KQbi TH�+2b (k3)- TQbbB#H2 HBMFb #2ir22M LQ`i?@aQmi? i2KT2`�im`2
;`�/B2Mib �M/ KB/@H�iBim/2 i2KT2`�im`2 2ti`2K2b `2K�BMb �M �`2� Q7 �+iBp2 `2b2�`+?
(kN- jy- jR- jk)X _2;�`/H2bb- i?2 2z2+i Q7 +HBK�i2 +?�M;2 QM T2�F /2K�M/ 7Q` ?2�iBM; Bb
HBF2Hv iQ #2 bK�HH +QKT�`2/ iQ i?2 2z2+i Q7 `�TB/ TQTmH�iBQM ;`Qri? r?B+? i?2 h2t�b
q�i2` .2p2HQTK2Mi "Q�`/- 7Q` 2t�KTH2- �MiB+BT�i2b iQ #2 9yW 7`QK kyky iQ ky8y (jj)X

Pm` �M�HvbBb [m�MiB}2b i?2 7`2[m2M+v rBi? r?B+? i?2 i2KT2`�im`2b Q#b2`p2/ /m`BM;
62#`m�`v kykR +QmH/ ?�p2 #22M 2tT2+i2/ iQ Q++m` � T`BQ`BX Pi?2` 7�+iQ`b �HbQ ;Qp2`M
BM7`�bi`m+im`2 T2`7Q`K�M+2 �M/ 7�BHm`2- BM+Hm/BM; T`2+BTBi�iBQM- i?2 /2K�M/ 7Q` M�im`�H
;�b BM �/D�+2Mi `2;BQMb- �M/ +QKTH2t +QMM2+iBQMb rBi?BM �M/ #2ir22M `2;BQM�H bvbi2KbX
aBKBH�`Hv- /2+BbBQMb �i KmHiBTH2 iBK2 b+�H2b- BM+Hm/BM; /Bb�bi2` T`2T�`2/M2bb �M/ `BbF
+QKKmMB+�iBQM- +QMi`B#mi2 iQ i?2 ?mK�M +QMb2[m2M+2b Q7 T?vbB+�H BM7`�bi`m+im`2 7�BHm`2X
h?mb- i?2 2t�+i +?�BM Q7 2p2Mib i?�i H2/ iQ i?2 #H�+FQmib �M/ r�i2` bvbi2K /Bb`mTiBQMb
/m`BM; 62#`m�`v kykR b?QmH/ #2 bQ`i2/ Qmi QMHv �7i2` 7m`i?2` BMp2biB;�iBQMb #v T�`iB2b
QM i?2 ;`QmM/ BM h2t�bX



>Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\ Ry

eX *QM+HmbBQMb

h?2 62#`m�`v kykR +QH/ bM�T r�b i?2 KQbi BMi2Mb2 BM jy v2�`b- #mi r�b MQi rBi?Qmi
T`2+2/2Mi BM i?2 7mHH ?BbiQ`B+�H `2+Q`/X AM �//BiBQM iQ i?2 `2+Q`/ +QH/ +QM/BiBQMb Q7
R3NN UbmTTH2K2Mi�H };X aRV- r2 2biBK�i2 i?�i i?2 r2�i?2` Q7 .2+2K#2` RN3N rQmH/
?�p2 `2bmHi2/ BM ?B;?2` e@?Qm` �M/ k@/�v p�Hm2b Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi�
Qp2` i?2 h2t�b AMi2`+QMM2+iBQM i?�M i?2 62#`m�`v kykR 2p2MiX aiQ`Kb BM 62#`m�`v
RN8R- C�Mm�`v RNek- �M/ .2+2K#2` RN3j rQmH/ ?�p2 `2bmHi2/ BM �i H2�bi NyW �b Km+?
BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� �i k9 �M/ 93 ?Qm` /m`�iBQMbX :Bp2M mTr�`/ i`2M/b
BM i?2 2H2+i`B}+�iBQM Q7 ?2�iBM;- Bi Bb HBF2Hv i?�i 7mim`2 +QH/ bM�Tb rBHH +�mb2 T2�F �MMm�H
HQ�/b QM i?2 h2t�b AMi2`+QMM2+iBQM iQ Q++m` /m`BM; i?2 rBMi2` b2�bQMX AM7`�bi`m+im`2
2tT�MbBQM M2+2bbBi�i2/ #v � `�TB/Hv ;`QrBM; TQTmH�iBQM Qz2`b h2t�b i?2 QTTQ`imMBiv iQ
BMp2bi BM � KQ`2 `2bBHB2Mi 2M2`;v bvbi2KX

�+FMQrH2/;2K2Mib

.C6 r�b bmTTQ`i2/ #v � ;B7i 7`QK :�i2b o2Mim`2b GG* iQ i?2 *�`M2;B2 AMbiBimiBQM 7Q`
a+B2M+2X h?2 �mi?Q`b i?�MF .�MB2H *Q?�M- avHpB� .22- 1HBb�#2i? :�ri?`QT- S2/`�K
>�bb�Mx�/2?- 6`2/ >2mii2- �/�K J�bbK�MM- �HBbQM aBHp2`bi2BM- oBp2F a`BF`Bb?M�M-
�M/ 1/;�` oB`;Ƀ2x 7Q` /Bb+mbbBQM Q7 i?Bb rQ`FX h?2 �mi?Q`b �HbQ i?�MF i?2 /2p2HQT2`b
�M/ K�BMi�BM2`b Q7 i?2 QT2M bQm`+2 T�+F�;2b r2 mb2/- BM T�`iB+mH�` i?2 Tv/�i� �M/
T�M;2Q +QKKmMBiB2b- �M/ i?2 K�Mv DQm`M�HBbib �M/ �+�/2KB+b r?Qb2 iBK2Hv `2TQ`iBM;
�M/ +QKK2Mi�`v ?�b BM7Q`K2/ Qm` i?BMFBM;X

"B#HBQ;`�T?v

(R) *1a1_X 1ti`2K2 +QH/ � rBMi2` r2�i?2` mT/�i2 ORX h2+?MB+�H `2TQ`i- lXaX .2T�`iK2Mi Q7 1M2`;v
P{+2 Q7 *v#b2`b2+m`Biv- 1M2`;v a2+m`Biv- �M/ 1K2`;2M+v _2bTQMb2- 62#`m�`v kykRX

(k) *?`BbiQT?2` hX JX *H�+F- �/Biv� *?QmFmHF�`- "`B�MM� *Qiû- �M/ a�`�? � J+E22X 1_*Ph rBMi2`
biQ`K l`B #H�+FQmi �M�HvbBb U62#`m�`v- kykRVX h2+?MB+�H `2TQ`i- oB#`�Mi *H2�M 1M2`;v- GG*-
J�`+? kykRX

(j) _B+?�`/ :X aK2�/X 1_*PhĜi?2 2v2b Q7 h2t�b U�M/ i?2 qQ`H/V �`2 mTQM vQm, q?�i +�M #2 /QM2
iQ �pQB/ � 62#`m�`v kykR `2T2�iX *HBK�i2 �M/ 1M2`;v- jdURyV,R9ĜR3- kykRX

(9) C�K2b .Q##BMb �M/ >B`QFQ h�#m+?BX h2t�b #H�+FQmib ?Bi KBMQ`Biv M2B;?#Q`?QQ/b 2bT2+B�HHv ?�`/X
h?2 L2r uQ`F hBK2b- 62#`m�`v kykRX

(8) a?�rM JmH+�?vX �i H2�bi RRR T2QTH2 /B2/ BM h2t�b /m`BM; rBMi2` biQ`K- KQbi 7`QK ?vTQi?2`KB�X
h?2 h2t�b h`B#mM2- J�`+? kykRX

(e) "BHH J�;M2bbX _2pB2r Q7 62#`m�`v kykR 2ti`2K2 +QH/ r2�i?2` 2p2Mi- 62#`m�`v kykRX
(d) 1_*PhX 6BM�H b2�bQM�H �bb2bbK2Mi Q7 `2bQm`+2 �/2[m�+v 7Q` i?2 1_*Ph `2;BQM Ua�_�V, qBMi2`

kykyfkykRX h2+?MB+�H `2TQ`i- 1H2+i`B+ _2HB�#BHBiv *QmM+BH Q7 h2t�b- LQp2K#2` kykyX
(3) 1_*PhX lT/�i2 iQ �T`BH e- kykR T`2HBKBM�`v `2TQ`i QM +�mb2b Q7 ;2M2`�iQ` Qmi�;2b �M/ /2`�i2b

/m`BM; i?2 62#`m�`v kykR 2ti`2K2 +QH/ r2�i?2` 2p2MiX h2+?MB+�H `2TQ`i- 1H2+i`B+ _2HB�#BHBiv
*QmM+BH Q7 h2t�b- �T`BH kykRX

(N) CQ?M qX LB2Hb2M@:�KKQMX h?2 *?�M;BM; *HBK�i2 Q7 h2t�bX lMBp2`bBiv Q7 h2t�b S`2bb- CmM2
kyRRX



>Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\ RR

(Ry) :Q`/QM :mMi2`X .2bi`m+iBQM Q7 }b?2b �M/ Qi?2` Q`;�MBbKb QM i?2 aQmi? h2t�b *Q�bi #v i?2 +QH/
r�p2 Q7 C�Mm�`v k3@62#`m�`v j- RN8RX 1+QHQ;v- jkU9V,djRĜdje- RN8RX

(RR) >�Mb >2`b#�+?- "BHH "2HH- S�mH "2``Bb7Q`/- a?QDB >B`�?�`�- �M/`�b >Q`�MvB- CQ�[mőM JmƢQx@
a�#�i2`- CmHB2M LB+QH�b- *�`QH2 S2m#2v- _�Hm+� _�/m- .BM�M/ a+?2T2`b- �/`B�M aBKKQMb-
*Q`M2H aQ+B- a�H2? �#/�HH�- s�pB2` �#2HH�M- :B�MT�QHQ "�Hb�KQ- S2i2` "2+?iQH/- :BQM�i�
"B�p�iB- C2�M "B/HQi- J�bbBKQ "QM�pBi�- :BQp�MM� .2 *?B�`�- S2` .�?H;`2M- .B+F .22- JB+?�BH
.B�K�Mi�FBb- _Qbb�M� .`�;�MB- CQ?�MM2b 6H2KKBM;- _B+?�`/ 6Q`#2b- J�Mm2H 6m2Mi2b- �H�M
:22`- G2Q >�BK#2`;2`- a2�M >2�Hv- _Q#BM CX >Q;�M- 1Hő�b >ƦHK- J�`i� C�MBbFQp�- a�`�?
E22H2v- S�i`B+F G�HQv�mt- S?BHBTT2 GQT2x- *`BbiBM� GmTm- :�#Q` _�/MQiB- S�i`B+B� /2 _QbM�v-
A`vM� _QxmK- 6`2D� o�K#Q`;- a2#�biB2M oBHH�mK2- �M/ C2�M@LQďH h?ûT�miX h?2 1_�8 ;HQ#�H
`2�M�HvbBbX Zm�`i2`Hv CQm`M�H Q7 i?2 _Qv�H J2i2Q`QHQ;B+�H aQ+B2iv- R9eUdjyV,RNNNĜky9N- kykyX

(Rk) J�ii?2r C J2MM2- AKF2 .m``2- _mbb2HH a oQb2- "v`QM 1 :H2�bQM- �M/ h�K�`� : >QmbiQMX �M
Qp2`pB2r Q7 i?2 ;HQ#�H ?BbiQ`B+�H +HBK�iQHQ;v M2irQ`F@/�BHv /�i�#�b2X CQm`M�H Q7 �iKQbT?2`B+
�M/ P+2�MB+ h2+?MQHQ;v- kNUdV,3NdĜNRy- CmHv kyRkX

(Rj) *A1aALX :`B//2/ TQTmH�iBQM Q7 i?2 rQ`H/- p2`bBQM 9 U:Sqp9V, SQTmH�iBQM /2MbBivX h2+?MB+�H
`2TQ`i- *2Mi2` 7Q` AMi2`M�iBQM�H 1�`i? a+B2M+2 AM7Q`K�iBQM L2irQ`F @ *A1aAL @ *QHmK#B�
lMBp2`bBiv- S�HBb�/2b- Lu- kyReX

(R9) la1A�X S`2HBKBM�`v KQMi?Hv 2H2+i`B+ ;2M2`�iQ` BMp2MiQ`v U#�b2/ QM 6Q`K 1A�@3eyJ �b �
bmTTH2K2Mi iQ 6Q`K 1A�@3eyV- LQp2K#2` kykRX

(R8) la1A�X LQ`i? �K2`B+�M 1H2+i`B+ _2HB�#BHBiv *Q`TQ`�iBQM UL1_*V _2;BQMb- kykRX
(Re) JB+?�2H q�Bi2 �M/ oBD�v JQ/BX 1H2+i`B+Biv HQ�/ BKTHB+�iBQMb Q7 bT�+2 ?2�iBM; /2+�`#QMBx�iBQM

T�i?r�vbX CQmH2- 9UkV,jdeĜjN9- 62#`m�`v kykyX
(Rd) E2Bi? 1p2`?�`i �M/ :2`;2Hv JQHM�`X a2p2`2 TQr2` +mib BM h2t�b ?B;?HB;?i 2M2`;v b2+m`Biv `BbFb

`2H�i2/ iQ 2ti`2K2 r2�i?2` 2p2MibX h2+?MB+�H `2TQ`i- AMi2`M�iBQM�H 1M2`;v �;2M+v- 62#`m�`v
kykRX

(R3) 61_* �M/ L1_*X _2TQ`i QM Qmi�;2b �M/ +m`i�BHK2Mib /m`BM; i?2 aQmi?r2bi +QH/ r2�i?2`
2p2MiX h2+?MB+�H `2TQ`i- 62/2`�H 1M2`;v _2;mH�iQ`v *QKKBbbBQM �M/ LQ`i? �K2`B+�M 1H2+i`B+
_2HB�#BHBiv *Q`TQ`�iBQM- �m;mbi kyRRX

(RN) L1_*X 1_*Ph 2K2`;2M+v QT2`�iBQM .2+2K#2` kR@jk- RN3NX h2+?MB+�H `2TQ`i- LQ`i? �K2`B+�M
1H2+i`B+ _2HB�#BHBiv *Q`TQ`�iBQM- RN3NX

(ky) C�K2b Pb#Q`M2X � i�H2 Q7 irQ 7`22x2b, >Qr i?2 h2t�b TQr2` ;`B/ bi�v2/ QM BM i?2 RN3N +QH/ bM�TX
>QmbiQM *?`QMB+H2- J�`+? kykRX

(kR) L1_*X �bb2bbK2Mi Q7 T`2pBQmb b2p2`2 rBMi2` r2�i?2` `2TQ`ib RN3j@kyRRX h2+?MB+�H `2TQ`i- LQ`i?
�K2`B+�M 1H2+i`B+ _2HB�#BHBiv *Q`TQ`�iBQM- �iH�Mi�- :�- CmHv kyRjX

(kk) C�K2b >X qBHHB�Kb- �M/`2r .2"2M2/B+iBb- _2#2++� :?�M�/�M- �K#2` J�?QM2- C�+F JQQ`2-
qBHHB�K _X JQ``Qr- aMmHH2` S`B+2- �M/ J�`;�`2i aX hQ`MX h?2 i2+?MQHQ;v T�i? iQ /22T
;`22M?Qmb2 ;�b 2KBbbBQMb +mib #v ky8y, h?2 TBpQi�H `QH2 Q7 2H2+i`B+BivX a+B2M+2- jj8Ueye9V,8jĜ8N-
C�Mm�`v kyRkX

(kj) ai2p2M CX .�pBb- L�i?�M aX G2rBb- J�ii?2r a?�M2`- aQMB� �;;�`r�H- .Qm; �`2Mi- AMāb GX
�x2p2/Q- a�HHv JX "2MbQM- h?QK�b "`�/H2v- C�+F "`Qmr2`- u2i@JBM; *?B�M;- *?`BbiQT?2` hX JX
*H�+F- �`KQM/ *Q?2M- ai2T?2M .QB;- C�2 1/KQM/b- S�mH 62MM2HH- *?`BbiQT?2` "X 6B2H/- "`v�M
>�MM2;�M- "`B@J�i?B�b >Q/;2- J�`iBM AX >Qz2`i- 1`B+ AM;2`bQHH- S�mHBM� C�`�KBHHQ- EH�mb aX
G�+FM2`- E�i?�`BM2 CX J�+?- JB+?�2H J�bi`�M/`2�- CQ�M P;/2M- S2` 6X S2i2`bQM- .�MB2H GX
a�M+?2x- .�MB2H aT2`HBM;- CQb2T? ai�;M2`- C2bbBF� 1X h`�M+BF- *?B@C2M u�M;- �M/ E2M *�H/2B`�X
L2i@x2`Q 2KBbbBQMb 2M2`;v bvbi2KbX a+B2M+2- jeyUejNeV,2��bNdNj- CmM2 kyR3X

(k9) S?BHBT J q?Bi2 �M/ CQb?m� . _?Q/2bX 1H2+i`B}+�iBQM Q7 ?2�iBM; BM i?2 h2t�b `2bB/2MiB�H b2+iQ`X
h2+?MB+�H `2TQ`i- A/2�aKBi?b- GG*- kyRNX

(k8) hQMv 1X qQM;- �H2t�M/`� EHm7�b- oBp2F a`BF`Bb?M�M- �M/ EH�mb E2HH2`X L2;H2+iBM; KQ/2H
bi`m+im`�H mM+2`i�BMiv mM/2`2biBK�i2b mTT2` i�BHb Q7 ~QQ/ ?�x�`/X 1MpB`QMK2Mi�H _2b2�`+?
G2ii2`b- RjUdV,yd9yRN- CmHv kyR3X

(ke) S * . JBHHv- CmHBQ "2i�M+Qm`i- J 6�HF2MK�`F- _ J >B`b+?- w q EmM/x2rB+x- . S G2ii2MK�B2`-



>Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\ Rk

�M/ _ C aiQmz2`X ai�iBQM�`Biv Bb /2�/, q?Bi?2` r�i2` K�M�;2K2Mi\ a+B2M+2- jRNU83ejV,8djĜ
8d9- 62#`m�`v kyy3X

(kd) C�K2b .Qbb@:QHHBM- .�pB/ CX 6�`M?�K- a+Qii ai2BMb+?M2B/2`- �M/ lTK�Mm G�HHX _Q#mbi �/�Ti�iBQM
iQ KmHiBb+�H2 +HBK�i2 p�`B�#BHBivX 1�`i?Ƕb 6mim`2- dUdV- CmM2 kyRNX

(k3) AS**X *HBK�i2 +?�M;2 kyR9, avMi?2bBb `2TQ`iX *QMi`B#miBQM Q7 qQ`FBM; :`QmTb A- AA �M/ AAA iQ i?2
}7i? �bb2bbK2Mi `2TQ`i Q7 i?2 AMi2`;Qp2`MK2Mi�H S�M2H QM *HBK�i2 *?�M;2X h2+?MB+�H `2TQ`i-
AMi2`M�iBQM�H S�M2H QM *HBK�i2 *?�M;2- :2M2p�- arBix2`H�M/- kyR9X

(kN) 1HBx�#2i? � "�`M2bX _2pBbBiBM; i?2 2pB/2M+2 HBMFBM; �`+iB+ �KTHB}+�iBQM iQ 2ti`2K2 r2�i?2` BM
KB/H�iBim/2bX :2QT?vbB+�H _2b2�`+? G2ii2`b- 9yURdV,9dj9Ĝ9djN- a2Ti2K#2` kyRjX

(jy) Cm/�? *Q?2M- C�K2b � a+`22M- C�bQM * 6m`i�/Q- J�i?2r "�`HQr- .�pB/ q?BiiH2biQM- .BK
*QmKQm- C2MMB72` 6`�M+Bb- EH�mb .2i?HQz- .�`� 1Mi2F?�#B- C�K2b Pp2`H�M/- �M/ CmbiBM CQM2bX
_2+2Mi �`+iB+ �KTHB}+�iBQM �M/ 2ti`2K2 KB/@H�iBim/2 r2�i?2`X L�im`2 :2Qb+B2M+2- dUNV,ekdĜ
ejd- �m;mbi kyR9X

(jR) C�K2b � a+`22M �M/ A�M aBKKQM/bX 1tTHQ`BM; HBMFb #2ir22M �`+iB+ �KTHB}+�iBQM �M/ KB/@H�iBim/2
r2�i?2`X :2QT?vbB+�H _2b2�`+? G2ii2`b- 9yU8V,N8NĜNe9- J�`+? kyRjX

(jk) 1`BF _QK�MQrbFv- .ƺ`i?2 >�M/Q`7- _�H7 C�Bb2`- AM;Q qQ?HiK�MM- qQH7;�M; .Q`M- CBM`Q lFBi�-
Cm/�? *Q?2M- EH�mb .2i?HQz- �M/ J�`Fmb _2tX h?2 `QH2 Q7 bi`�iQbT?2`B+ QxQM2 7Q` �`+iB+@
KB/H�iBim/2 HBMF�;2bX a+B2MiB}+ _2TQ`ib- NURV,dNek- J�v kyRNX

(jj) h2t�b q�i2` .2p2HQTK2Mi "Q�`/X q�i2` 7Q` h2t�b kyRk bi�i2 r�i2` TH�MX h2+?MB+�H `2TQ`i-
C�Mm�`v kyRkX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b
i?2 62#`m�`v kykR h2t�b +QH/ bM�T\

C�K2b .Qbb@:QHHBM1- .�pB/ CX 6�`M?�K2- lTK�Mm G�HH-3,4 �M/
oBD�v JQ/B5
1 .2T�`iK2Mi Q7 *BpBH �M/ 1MpB`QMK2Mi�H 1M;BM22`BM;- _B+2 lMBp2`bBiv- >QmbiQM-
hs- la� UP_*A. yyyy@yyyk@j9k3@kkk9V
2 .2T�`iK2Mi Q7 :HQ#�H 1+QHQ;v- *�`M2;B2 AMbiBimiBQM 7Q` a+B2M+2- ai�M7Q`/- *�-
la� UP_*A. yyyy@yyyk@eeNy@9k8RV
3 *QHmK#B� q�i2` *2Mi2`- *QHmK#B� lMBp2`bBiv- L2r uQ`F- Lu- la� UP_*A.
yyyy@yyyj@y8kN@3Rk3V
4 .2T�`iK2Mi Q7 1�`i? �M/ 1MpB`QMK2Mi�H 1M;BM22`BM;- *QHmK#B� lMBp2`bBiv- L2r
uQ`F- Lu- la�
4 .2T�`iK2Mi Q7 J2+?�MB+�H 1M;BM22`BM;- *QHmK#B� lMBp2`bBiv- L2r uQ`F- Lu- la�
UP_*A. yyyy@yyyj@k8Rj@y9jdV
1@K�BH, D/Qbb;QHHBM!`B+2X2/m

am#KBii2/ iQ, 1MpB`QMX _2bX G2iiX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\k

RX amTTH2K2Mi�H _2bmHib

RXRX >BbiQ`B+ 1ti`2K2 h2KT2`�im`2b

hQ +QKTH2K2Mi };X R- r2 THQi 2ti`2K2 +QH/ i2KT2`�im`2b mbBM; �Hi2`M�i2 /�i�X 6B`bi-
};X aR b?Qrb ?BbiQ`B+ 2p2Mib Qp2` i?2 *QMiBM2Mi�H lMBi2/ ai�i2bX h?2 b2i Q7 2p2Mib
Bb bHB;?iHv /Bz2`2Mi i?�M i?�i Q7 };X R, i?2 /�i� b2i /Q2b MQi BM+Hm/2 i?2 kykR 2p2Mi-
#mi /Q2b BM+Hm/2 i?2 R3NN ǳ:`2�i "HBxx�`/XǴ h?2 R3NN 2p2Mi b?Qrb KQ`2 BMi2Mb2 �M/
T2`bBbi2Mi +QH/ i?�M i?2 Qi?2` 2p2Mib BM i?2 /�i�b2iX L2ti- };X ak b?Qrb i?2 b�K2 /�i�
�b };X R #mi xQQKb BM QM h2t�bX h?2 RN3N U;@BV �M/ kykR UK@QV �TT2�` iQ #2 i?2 KQbi
b2p2`2 2p2Mib BM i?Bb /�i� b2i- �M/ i?2 R@/�v +QH/ 2ti`2K2b BM i?2 RN3N 2p2Mi �`2 KQ`2
BMi2Mb2 i?�M BM i?2 62#`m�`v kykR 2p2Mi- +QMbBbi2Mi rBi? `2bmHib BM i?2 K�BM i2tiX

RXkX aT�iB�HHv /Bbi`B#mi2/ i2KT2`�im`2 2ti`2K2b

hQ +QKTH2K2Mi };X j- r2 +QKTmi2 HQ+�H `2im`M T2`BQ/b mbBM; bi�iBQM /�i� 7`QK i?2
:>*L (Rk)X 6B;m`2 aj b?Qrb i?2 `2im`M T2`BQ/b Q7 i?2 62#`m�`v kykR +QH/ bM�T 7Q` R- k-
j- �M/ 9 /�v /m`�iBQMbX PMHv bi�iBQMb rBi? �i H2�bi ey v2�`b Q7 /�i� �`2 +QMbB/2`2/- �M/
bBM+2 i?2 HQ+�iBQMb Q7 i?2b2 bi�iBQMb �`2 MQi +?Qb2M �i `�M/QK- i?Bb /Q2b MQi +QMbiBimi2 �
`2T`2b2Mi�iBp2 b�KTH2 Q7 �HH TQBMib �+`Qbb h2t�bX >Qr2p2`- i?2 bT�iB�H T�ii2`M K�i+?2b
i?�i Q7 };X j- rBi? � #�M/ Q7 b2p2`2 +QH/ bi`2i+?BM; 7`QK bQmi?@+2Mi`�H iQ 2�bi2`M h2t�b
�M/ BM i?2 h2t�b S�M?�M/H2X

RXjX AM72``2/ ?2�iBM; /2K�M/ T2` +�TBi�

hQ +QKTH2K2Mi Qm` �M�HvbBb Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi�- r2 +QMbB/2` ?Qr
`2bmHib +?�M;2 �b � 7mM+iBQM Q7 irQ KQ/2HBM; /2+BbBQMbX 6B`bi- r2 +QMbB/2` r?�i ?�TT2Mb
B7 i?2 bT�iB�H }2H/ /2K�M/ 7Q` ?2�iBM; Bb �;;`2;�i2/ mbBM; ;`B/ +2HH �`2� `�i?2` i?�M
TQTmH�iBQM /2MbBivX L2ti- r2 +QKTmi2 `2im`M T2`BQ/b mbBM; �M 2biBK�iQ` #�b2/ QM i?2
K2i?Q/ Q7 L@KQK2MibX �Hi?Qm;? L@KQK2Mi 2biBK�iQ`b 7Q` i?2 ;2M2`�HBx2/ 2ti`2K2
p�Hm2 /Bbi`B#miBQM �`2 MQi mM#B�b2/- i?2v �`2 TQTmH�` BM i?2 bi�iBbiB+�H ?v/`QHQ;v
HBi2`�im`2 7Q` i?2B` bi�#BHBiv (\- \- \)X

q2 /`�r irQ +QM+HmbBQMb 7`QK i?2b2 THQibX 6B`bi- i?2 kykR 2p2Mi �TT2�`b KQ`2
b2p2`2 B7 ;`B/ +2HHb �`2 r2B;?i2/ #v TQTmH�iBQM /2MbBiv U};bX k �M/ a8V i?�M B7 i?2v
�`2 r2B;?i2/ QMHv #v �`2� };bX a9 �M/ aeVX h?Bb Bb +QMbBbi2Mi rBi? Qm` Q#b2`p�iBQM
Q7 � +Q``2bTQM/2M+2 #2ir22M i?2 KQbi 2ti`2K2 i2KT2`�im`2b BM 62#`m�`v kykR �M/
TQTmH�iBQM /2MbBiv U};X jVX "v +QMi`�bi- i?2 kyRR 2p2Mi �TT2�`b KQ`2 2ti`2K2 r?2M
;`B/ +2HHb �`2 r2B;?i2/ #v �`2�- r?B+? Bb +QMbBbi2Mi rBi? };bX R iQ ak b?QrBM; i?2 +QH/2bi
i2KT2`�im`2b BM `2H�iBp2Hv H2bb TQTmH�i2/ q2bi h2t�bX a2+QM/- i?2 L@KQK2Mi 2biBK�iQ`b
U};bX a8 �M/ aeV �bbB;M � HQr2` `2im`M T2`BQ/ iQ i?2 RN3N �M/ kykR 2p2Mib i?�M i?2
K�tBKmK HBF2HB?QQ/ 2biBK�iQ`b U};bX k �M/ a9VX

hQ T`QpB/2 bQK2 +QMi2ti 7Q` Qm` BM72``2/ /2K�M/ 7Q` ?2�iBM; K2i`B+- };X ad THQib
Bib iBK2 b2`B2b /m`BM; i?2 T2�F Q7 i?2 62#`m�`v kykR +QH/ bM�TX h?Bb `2p2�Hb � `Bb2 7`QK
�TT`QtBK�i2Hv 10 êF iQ M2�`Hv 60 êF /m`BM; i?2 T2�F Q7 i?2 62#`m�`v kykR +QH/ bM�TX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\j

6B;m`2 aRX �b };X aR #mi i?2 "2`F2Hv 1�`i? i2KT2`�im`2 /�i� Bb mb2/X h?2 /�i�b2i
/Q2b MQi +QMi�BM i?2 kykR 2p2Mi- #mi i?2 ǳ:`2�i "HBxx�`/Ǵ Q7 62#`m�`v R3NN Bb BM+Hm/2/X
aT�iB�H T�ii2`Mb Q7 +QH/ 7`QK i?Bb /�i�b2i �`2 [m�HBi�iBp2Hv bBKBH�` iQ 6B;m`2 RX h?2
R3NN 2p2Mi 2KT?�bBx2b i?�i i?2 KQ/2`M ?BbiQ`B+�H `2+Q`/ /Q2b MQi vB2H/ � 7mHH b�KTH2
7`QK i?2 7mHH /Bbi`B#miBQM Q7 TQbbB#H2 ?�x�`/bX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\9

6B;m`2 akX �b };X aR #mi QMHv h2t�b Bb b?QrMX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\8

6B;m`2 ajX �b };X j #mi `2im`M T2`BQ/b �`2 +�H+mH�i2/ mbBM; bi�iBQM /�i� 7`QK i?2
:>*L /�i� b2i (Rk)X "H�+F +B`+H2b BM/B+�i2 i?�i � bi�iBQM 2t+22/2/ Bib QrM `2+Q`/ 7Q`
� T�`iB+mH�` /m`�iBQMX

6B;m`2 a9X �b };X a9 #mi ;`B/ +2HHb �`2 r2B;?i2/ #v �`2� A = cos(φ) r?2`2 φ Bb
H�iBim/2X



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\e

6B;m`2 a8X �b };X a9 #mi `2im`M T2`BQ/b �`2 +�H+mH�i2/ mbBM; i?2 L@KQK2Mib
2biBK�iQ`X

6B;m`2 aeX �b };X a9 #mi `2im`M T2`BQ/b �`2 +�H+mH�i2/ mbBM; i?2 L@KQK2Mib
2biBK�iQ`X



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\d

6B;m`2 adX � iBK2 b2`B2b Q7 BM72``2/ ?2�iBM; /2K�M/ T2` +�TBi� Qp2` i?2 h2t�b
AMi2`+QMM2+iBQM /m`BM; i?2 62#`m�`v kykR +QH/ bM�TX



amTTH2K2Mi�H AM7Q`K�iBQM, >Qr mMT`2+2/2Mi2/ r�b i?2 62#`m�`v kykR h2t�b +QH/ bM�T\3

ERCOT Generator Outages 2/14/2021 12:00AM to 2/18/2021 12:00AM

EGOVA_Database

Nuclear: >750 MW

Coal: 0-50 MW

Coal: 50-100 MW

Coal: 100-200 MW

Coal: 200-350 MW

Coal: 350-500 MW

Coal: 500-750 MW

Coal: >750 MW

Natural Gas: 0-50 MW

Natural Gas: 50-100 MW

Natural Gas: 100-200 MW

Natural Gas: 200-350 MW

Natural Gas: 350-500 MW

Natural Gas: 500-750 MW

Wind: 0-50 MW

Wind: 50-100 MW

Wind: 100-200 MW

Wind: 200-350 MW

Solar: 0-50 MW

Solar: 50-100 MW

Solar: 100-200 MW

Hydro: 0-50 MW

Batteries: 0-50 MW

Texas Counties

5/4/2021
0 130 26065 mi

0 210 420105 km

1:9,244,649

Programmed by Edgar Virguez (@EdgarVirguezR)
Edgar Virguez (@EdgarVirguezR)

6B;m`2 a3X 1_*Ph ;2M2`�iQ` Qmi�;2b 7`QK Rk,yy�J QM R9 62#`m�`v kykR
iQ Rk,yy�J QM R3 62#`m�`v kykRX J�T T`Q/m+2/ mbBM; 1_*PhǶb :2M2`�iQ`
Pmi�;2f.2`�i2 oBbm�HBx�iBQM �TT U1:Po�V �p�BH�#H2 �i ?iiTb,ff#BiXHvf1:Po�X .Qi
bBx2b /2b+`B#2 i?2 +�T�+Biv `2/m+iBQM 7Q` 2�+? Qmi�;2 Q` /2`�i2 2p2Mi- r?B+? K�v MQi #2
i?2 b�K2 �b i?2 /Bz2`2M+2 #2ir22M i?2 TQr2` T`Q/m+2/ �M/ r?�i 1_*Ph �MiB+BT�i2/-
T�`iB+mH�`Hv 7Q` BMi2`KBii2Mi `2bQm`+2b (3)X

https://bit.ly/EGOVA

