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❨❩⑥❥❪❦②▼◗❙✐❭❬Ò❝❧❬❭❨➭❾✙❝❧❚✩✙❇◗❙❬❭❵❯❡➡◗❙❵❥❝✻✐❭❬❑✙❇❬④❨③❡✎❚✜✔❶❨❩⑥❞❬Ò❡➄◗❂❤❥❤❞❱❩❚❜◗❙❣③⑥⑨✥➌❿Ö❪
❬❢❵❜②❲❪✫❡➂❨❩❬❢♦❲◗❂❨❩❪❇❨❩⑥❥❪✙❤❉❚❲❡❳❡➂❬❢❘❞✐❢❪◆✙❇❪✫❣③⑥❥◗❙❵❞❬❢❣✫◗❂✐✉✙❇❚❧❝❧❪✫✐❢❡✢❨❩⑥❥◗❂❨✼❣✍◗❙❵
❱❳❪✍❤❞❱❳❚❧❝❧✉❥❣✡❪➄❨❩⑥❞❬Ò❡❺❤❉❚ ✪ ❪✍❱★✐Ò◗ ✪ ❝❧❬❢❡➂❨❩❱❳❬❢❘❞✉❧❨❩❬❢❚❙❵✙❚✜✔➯❱❩❚❧❣✓✒r✔➠◗❂✐❢✐❥②❲❚❙✐✤✖✉✎✙❇❪✫❡✦✥
➍☛✂➏➎ ➑❶➏❧➑
➐⑨➑❆➒✻➑ ➓✫➔➌→❬➣✰↔❁→◗↕✮➙✶➛➌➜✈→✕↔❁➙⑨➝✾➞➠➟➢➡✎➜❆➜☛➤✈↕P➥✶→◗↕P➦✦➙✶↔❺➧✠➨
➩ ↔❁→◗↕➌➝✾➔➭➫❻➜➲➯➵➳
➀✾⑥❞❪ ✘ ❱❳❡➂❨➡❝❥◗➃❨❳◗✢❡➂❪✍❨➢❱❳❪✍❤❉❚❙❱❩❨❳❡➢❱❩❚❧❣✓✒r✔➠◗❂✐❢✐❯②❲❚❙✐❢✉✎✙❇❪✎❨❩⑥❥◗❂❨➡❚❧❣✗✖
❣✡✉❥❱❩❱❳❪✫❝✝❚❙❵❦❡❩✉❞❘①②❙❪✫❱➂❨❳❬❢❣✫◗❂✐❙❣✍✐❭❬✤✣❖❡❶❡➂✉❥❱❩❱❳❚❙✉❞❵❯❝❧❬❭❵❥♦➢❨❳⑥❞❪★✉❞❱❳❘❥◗❙❵✑◗❂❱❳❪✫◗
❚✜✔➢♠✝❱❳❪✍❵❥❚❙❘❞✐❢❪✢❣✡❬❭❨➭❾❙✈➯⑦❥❱❩❪✫❵❥❣③⑥ ❯ ✐❢❤❥❡❄✲ q✫➃⑨➄✲✈ �✦✽✧✽✩❦❁❇ ✥✎❫❛❵❏❚❙❱③❝❧❪✫❱
❨❩❚➔❣③⑥❥◗❂❱③◗❙❣✡❨❩❪✍❱❳❬❑❉✍❪✼❨❩⑥❞❪✦♦❲❪✍❚❲✐❭❚❲♦❙❬Ò❣✍◗❂✐★❡❩❪✡❨❩❨❩❬❢❵❞♦❏❚✧✔➢❨❳⑥❞❪✻❣✍✐❭❬✤✣✆✈ ✪ ❪❵❞❪✫❪✫❝❿❨❳❚♣❬Ò❝❧❪✍❵❜❨❳❬✯✔ ❾✝❨❩⑥❥❪❾✔ ❚❲❱❳❣✍❪✫❡☛◗❲❣✘❨❳❬❭❵❞♦♣❚❙❵❦❨❳⑥❞❬Ò❡✆❡❩❾❧❡➭❨❳❪✛✙✕✥➌➇❧✉❥❣③⑥
✔ ❚❙❱③❣✡❪s❡❿◗❂❱❳❪✢❨❳⑥❞❪✄✐❭❚❲❵❞♦✻❨❩❪✍❱➉✙✥❨❳❪✫❣✘❨❳❚❙❵❞❬Ò❣①✔ ❚❙❱③❣✡❪s❡❿❝❧✉❞❪✯❨❩❚✖❤❞✐Ò◗➃❨❳❪
❨❩❪s❣✘❨❳❚❙❵❞❬Ò❣✎❝❧❾①❵❥◗✜✙❇❬Ò❣✍❡✦✥❶❫❛❵❜❨❳❪✍❱➉✙✯❪s❝❧❬Ò◗➃❨❩❪➡❨❳❪✍❱➉✙ ◗❂❵❯❝✼❡❩⑥❞❚❙❱❩❨☞❨❩❪✫❱❖✙
✔ ❚❙❱③❣✡❪s❡♣❨❩⑥❥◗❂❨❦◗❲❣✘❨❿❚❙❵➔❨❩⑥❞❪✄❣✍✐❭❬✤✣❖❡❦◗❙❱❩❪❇❣✡✐❢❬❑✙❇◗❂❨❩❬Ò❣r✔ ❚❙❱③❣✡❬❢❵❞♦❥✈➯❬❵✥ ❪✩✥❭✈
♦❙✐Ò◗❙❣✍❬❢◗❙✐❶✉❥❵❞✐❭❚❜◗❙❝❧❬❢❵❞♦❯✈✠❱❥✉❥②❜❬Ò◗❂✐☞❬❢❵❥❣✡❬Ò❡❩❬❭❚❲❵✸✈❉❨❩❪✛✙❇❤❉❪✍❱③◗➃❨❳✉❞❱❩❪❲✈➯❱❳◗❙❬❭❵☛✈
❡❩❵❞❚ ✪ ◗❙❵❥❝ ✪ ❬❭❵❥❝❥❡➄◗❂❵❥❝⑧❪s◗❂❱❩❨❩⑥❥t❜✉❥◗✧✒❙❪ ✪ ◗▼②❲❪✫❡✫✈①◗❲❡➄❡❩❚❙❱❩❨❩❬❢❵❞♦✼❘①❾❬❢❵❥❣✡❱❳❪✫◗❲❡➂❬❢❵❞♦⑧❨❩❬❑✙❇❪❄✔ ❱❩❪st❲✉❥❪✍❵❥❣✍❾❽❚✜✔✎◗❂❤❥❤❞✐❭❬❢❪✫❝❬✔ ❚❲❱❳❣✍❪✫❡✦✥✙➀☛❚❏❣✫◗❙❡➂❨
❨❩⑥❥❪✼❣✡✐❢❬✤✣Ö♦❲❪✍❚❙✐❢❚❙♦❲❬❢❣✫◗❂✐➯❡❩❪✡❨➂❨❳❬❭❵❥♦❲❡✫✈❥❨❳⑥❞❪✢❱③◗➃❨❳❪❦❚✜✔★❘❥◗❲❡➂❪❦✐❢❪✍②❲❪✍✐⑨✔➠◗❙✐❭✐
➸ ✪ ⑥❥❬❢❣③⑥❽❣✫◗❂❵✲❘❉❪✼❝❧✉❥❪❦❨❩❚⑧◗❂❵①❾✻❣✍❚✧✙✢❘❥❬❭❵❥◗❂❨❩❬❢❚❙❵✲❚✧✔✟❝❞❬✯✣❖❪✍❱❳❪✍❵❜❨❩❬Ò◗❂✐❱❳❚①❣✓✒➊✉❞❤❞✐❢❬✯✔ ❨✦❱③◗➃❨❳❪✲❘❯❪✍❨ ✪ ❪✫❪✍❵➍❣✡✐❢❬✯✣➮◗❂❵❥❝❃②➃◗❂✐❢✐❭❪✫❾❃◗❂❵❯❝➂❱❥✉❥②❜❬Ò◗❂✐❚❙❱➡♦❙✐Ò◗❙❣✍❬❢◗❙✐❥❬❢❵❥❣✡❬Ò❡❩❬❭❚❲❵✶➺✘✈①❬Ò❡❺❨❳⑥❞❪❏✙✯❚❲❱❩❪♣❱❩❪✫✐❭❪✫②➃◗❂❵❜❨➢❤❥◗❙❱❳◗✧✙❇❪✡❨❩❪✫❱★❨❳❚
❣③⑥❥◗❙❱❳◗❲❣✘❨❩❪✫❱❩❬❑❉✍❪❴❨❩⑥❞❪❦⑥❥❬❭✐❢✐☛❡❩✐❭❚❲❤❯❪✩✥✉➻➢❪s❣✍◗❙✉❥❡➂❪♣❨❩⑥❥❬❢❡✎❤❯◗❂❱③◗✜✙❇❪✡❨❳❪✍❱✾❬❢❡
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❵❞❚❙❨♣❪✫❡➂❨❩❬❑✙✄◗➃❨❳❪✫❝✕✔ ❚❲❱❴❨❳⑥❞❪✼❣✍✐❭❬✤✣ ✪ ❪✢❡➂❨❩✉❯❝❧❬❭❪s❝➯✈ ✪ ❪✼✉❥❡❩❪✼◗✦✐❢❚❧❣✍◗❙✐❝❧❬✤✣❉❪✫❱❩❪✫❵❜❨❩❬Ò◗❂✐❺❝❧❬Ò❡❩❤❞✐❢◗❲❣✡❪✦✙✯❪✫❵❜❨✑❚❙❱✢◗✖✐❢❚❧❣✍◗❂✐★❝❞❪✗✔ ❚❙❱➉✙✄◗➃❨❳❬❭❚❲❵Ö❱③◗➃❨❳❪
◗❙❡✎◗✯❤❞❱❳❚❺❫❧❾❇❨❩❚✦❣③⑥❥◗❙❱❳◗❲❣✘❨❳❪✍❱❳❬✤❉✫❪➄❨❩⑥❥❪✑❣✡✐❢❬✯✣➔❝❞❪✗✔ ❚❙❱➉✙✄◗➃❨❳❬❭❚❲❵✻❱③◗➃❨❳❪✧✥
➀✾⑥❞❪s❡➂❪❽♠✝❱❳❪✍❵❞❚❲❘❞✐❢❪❏❣✡✐❢❬✯✣➯❡✙◗❙❱❩❪✲❤❥◗❙❱➂❨✦❚✧✔❿❨❩⑥❞❪ ❼➢⑥❯◗❂❱❩❨❩❱❳❪✍✉❥❡❩❪
◗❂❵❯❝✂✁✟❪✫❱❳❣✍❚❙❱③❡✝❡❩✉❞❘❥◗❙✐❭❤❥❬❭❵❞❪❄✙✄◗❙❡❳❡❩❬✯✔➠❡✫✈✬✙✄◗❙❝❞❪✯❚✧✔➡❡❩❪✫❝❧❬❑✙❇❪✍❵❜❨❳◗❙❱❩❾
❱❳❚①❣✓✒❧❡✌✔ ❱❳❚✧✙✥✉❞❤❞❤❉❪✍❱✼⑤❙✉❞❱③◗❙❡❳❡❩❬❢❣✼◗❂❵❥❝➔✐❭❚ ✪ ❪✍❱❪❼➢❱❳❪✡❨③◗❙❣✡❪✫❚❙✉❥❡✝◗❂♦❲❪
➸ ✐❢❬❑✙✯❪s❡➭❨❳❚❙❵❞❪✄◗❙❵❥❝★✙✄◗❙❱❩✐Ò❡➉➺✗✥✢❫❛❵❞❬❭❨❩❬Ò◗❂✐✟❘❉❪✫❝❥❝❧❬❭❵❥♦⑧❬Ò❡❏✔ ❚❙✐Ò❝❧❪s❝➔◗❙❵❥❝
✔➠◗❂✉❥✐④❨❳❪✫❝✖❝❧✉❞❪✝❨❩❚✄◗❙✐❭❤❞❬❢❵❞❪❿⑥❞❚❲❱❩❬❑❉✍❚❲❵❲❨③◗❂✐➯❣✡❚✩✙❇❤❞❱❩❪s❡❩❡❩❬❢②❙❪♣❡➂❨❩❱❳❪✫❡❳❡❩❪✫❡✫✈
❱❳❪✫❡❩✉❞✐④❨❳❬❭❵❥♦✫✙❇❚❲❡➂❨❩✐❢❾✼❬❢❵✙❡❩✉❞❘①②❙❪✍❱❩❨❩❬Ò❣✍◗❙✐❋✔ ❱③◗❙❣✘❨❳✉❞❱❳❪✫❡★◗❲❣✡❱❳❚❲❡❳❡✟♦❙❪✫❵❲❨❳✐❭❾
❬❢❵ ✪ ◗❂❱③❝➍❝❧❬❢❤❞❤❞❬❢❵❞♦❃❡➂❨❩❱③◗➃❨❳❬ ✘ ❣✫◗➃❨❳❬❭❚❲❵ ➸ ⑦✆❬❭♦❲✉❞❱❳❪ � ➺✗✥ ➀✾⑥❞❪➔❣✍✐❭❬✤✣❖❡❝❧❬❑✙❇❪✍❵❥❡❩❬❭❚❲❵❥❡✑◗❙❱❩❪ ❹✜❍ ✙ ❨❩❚ ❘✞❍✧❍ ✙ ❬❢❵✭⑥❞❪✫❬❭♦❲⑥❲❨s✈ �❺�✜❍ ✒◗✙✕❬❢❵
✐❢❪✍❵❞♦❙❨❩⑥✸✈➯◗❙❡♣❣✡✉✎✙✼✉❞✐Ò◗➃❨❩❬❢②❙❪✢②▼◗❙✐❭✉❥❪✫❡♣❚❙❵✲❨ ✪ ❚✙❡❩✉❥❣✍❣✍❪✫❡❳❡➂❬❢②❙❪❦❱❳❚❧❣✓✒❜❾
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✙r❨❩❚ �✧❍✧❍✩❍ ✙✕✥☞⑦❞❚❲❱❶❡❩✉❥❣③⑥✑◗❂❵✑◗❙✐④❨❳❬④❨❳✉❥❝❧❪❙✈▼❬❢❵❦❨❩⑥❥❪➢⑦❞❱❳❪✍❵❯❣③⑥ ❯ ✐❢❤❥❡✍✈
❨❩⑥❥❪❴❣✡✐❢❬✤✙✄◗❂❨❩❬Ò❣✎❣✡❚❙❵❯❝❧❬④❨❳❬❭❚❲❵❥❡★❣✍❚❙❱❳❱❩❪s❡➂❤❉❚❙❵❥❝✢❨❩❚ ✪ ❪✡❨➡❡➂❤❞❱❳❬❢❵❞♦❲❡✟◗❙❵❥❝
✔➠◗❂✐❢✐Ò❡✆❡❩❪✫◗❲❡➂❚❲❵❥❡✆◗❂❵❥❝✫✔ ❱❩❚✩❉✍❪✍❵✼❣✡❚❙❵❯❝❧❬④❨❳❬❭❚❲❵❥❡✆❬❭❵ ✪ ❬❭❵❜❨❳❪✍❱❩❨❩❬❑✙✯❪✩✥✆➀✾⑥❥❪
❼➢⑥❥◗❙❱➂❨❳❱❩❪✫✉❥❡➂❪✛✖✄✁✟❪✫❱❳❣✍❚❙❱③❡P✙✄◗❙❡❳❡➂❬✤✔❧❬❢❡✆❡➂✉❥♦❙♦❙❪s❡➭❨❳❪✫❝✝❨❳❚❴⑥❥◗▼②❲❪❺◗ ✪ ❪✫◗✜✒✐❢❚①❣✫◗❂✐❉❝❧❪✗✔ ❚❲❱❖✙✄◗➃❨❳❬❭❚❲❵❇❱❳◗❂❨❩❪❙✈❜❬❵✥ ❪✩✥❭✈❜✐❭❪s❡❩❡★❨❩⑥❥◗❙❵✦◗❙✔ ❪ ✪ ✙❄✙✆☎▼❾①❱★❪✫❬✯✖
❨❩⑥❥❪✍❱✄✔ ❚❲❱★⑥❞❚❙❱❳❬❑❉✍❚❙❵❜❨③◗❂✐❧❚❙❱➵✔ ❚❲❱★②❙❪✫❱➂❨❳❬❢❣✫◗❂✐❞❝❧❬Ò❡❩❤❞✐❢◗❲❣✡❪✦✙✯❪✫❵❜❨❳❡⑩✲✯➄✭✵✜✷✞✝
❣❵❝❡✸✻❢✾❤★✺✛❣❏✵❁❞ ♠ ✈ �✾✽✧✽✩❦❁❇ ✥❇➀✾⑥❥❪✫❡❩❪✄②▼◗❙✐❭✉❥❪✫❡✑◗❙❱❩❪✄❝❧❬✤✣❉❪✫❱❩❪✫❵❜❨❩❬Ò◗❂✐★❝❧❬Ò❡✏✖
❤❞✐Ò◗❙❣✍❪✛✙❇❪✍❵❜❨ ✪ ❪✭✉❯❡➂❪s❝✤◗❲❡✲◗❃❤❥❱❩❚❺❫❧❾➦❚✜✔✄❣✡✐❢❬✤✣ ❝❧❪✗✔ ❚❲❱❖✙✄◗❂❨❩❬❢❚❙❵❱③◗➃❨❩❪s❡✛✥✲➀✾⑥❞❪✫❾Ö❣✍❚✧✙❇❪❄✔ ❱❳❚✧✙ ♠❙③ ➇Õ❡❩✉❞❱❩②❲❪✍❾❧❡❦❚❲❵➂❼➢⑥❯◗❂❱❩❨❩❱❳❪✍✉❥❡❩❪
✁✟❪✍❱③❣✡❚❲❱❳❡❴❡➂❬❭❨❩❪s❡✛✥✎➀✾⑥❞❪✼❘❯❪✫❵❥❣③⑥✎✙✄◗❂❱➉✒❧❡➄◗❂❱❳❪❦✐❭❚❧❣✫◗➃❨❩❪s❝ �✦❍ ✖ �✧❍ ✒◗✙
◗❂❤❯◗❂❱❩❨✌✔ ❱❳❚✧✙ ❪s◗❙❣③⑥➔❚❂❨❩⑥❥❪✍❱③❡✝◗❙✐❭✐✟◗❙❘❯❚➃②❲❪✢❨❳⑥❞❪✄❣✡✐❢❬✯✣➊❪s❝❧♦❙❪s❡♣❨❩⑥❥◗❂❨
❪✗❫①❨❳❪✍❵❥❝➩❚➃②❙❪✍❱ ✿❁❍ ✒◗✙ ❬❭❵r✐❭❪✫❵❞♦❂❨❳⑥➩❬❢❵➞❨❳⑥❞❪➳♠✝❱❩❪✫❵❞❚❙❘❞✐❢❪Õ◗❂❱❳❪✫◗
✲✯➄✭✵✜✷✹❣✈❝❡✸P❢✦❤ ✺✗❣❚✵❁❞ ♠ ✈ �✾✽✧✽✧❦✜❇ ✥ ❩➄❬Ò❡➂❨❩❚❙❱❳❬Ò❣✍◗❂✐❦◗❙❵❥❝➩❬❢❵❥❡➂❨❩❱❳✉✎✙❇❪✍❵❋✖
❨❳◗❙✐➡❡❩❪✍❬Ò❡❖✙✯❬Ò❣✡❬❭❨➭❾Ö❱❳◗❂❨❩❪✫❡✼◗❂❱❳❪✄✐❭❚ ✪ ✈ ✪ ❬❭❨❩⑥✓◗✕✔ ❪ ✪ q✠✟ ❘ ❪✫◗❂❱❩❨❩⑥✎✖t❜✉❥◗✜✒❲❪✫❡❶❱❩❪✫❤❯❚❲❱➂❨❳❪✫❝❦❬❢❵✑❨❳⑥❞❪✎◗❂❱❳❪✫◗➄❝❞✉❞❱❩❬❢❵❞♦♣❨❩⑥❞❪➡✐Ò◗❙❡➂❨ ❹ ❣✡❪✫❵❲❨❳✉❞❱❳❬❭❪s❡
✲☛✡➅✷✌☞✺✾s➉②✠✺✗❣●✈ �✦✽◗✿❁❀✎❂ ❴☛✷❖✵❁✼➉✼✛❢❙✺✛❣✬✵❁❞ ♠ ✈ �✾✽✧✽✩�❁❇ ✥✸➀✾⑥❥❪✍❱❳❪★❬❢❡☛❵❞❚➄❱❳❪✍❤❉❚❙❱❩❨
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❚✔✏✦❣✍❪ ✪ ◗❙❡✟❣✍❱❩❪s◗➃❨❳❪✫❝✼❬❭❵ �✦❀◗✿❁❍ ✈▼❨❳⑥❞❪ �✦❀◗✿❁❍ ✖ �✾❀✧✽✧❍ ❤❯❪✫❱❩❬❢❚❧❝✢❬Ò❡☞❨❩⑥❥❪❨❩⑥❥❱❩❪s❡➂⑥❞❚❲✐❢❝✙❘❯❪✍❨ ✪ ❪✫❪✍❵⑧◗❂❱③❣③⑥❞❬❭②❲❪❴❱❳❪✍❤❉❚❙❱❩❨❳❡❾✔ ❚❙❱✾❱❳❚①❣✓✒①✔➠◗❙✐❭✐➯❪✫②❙❪✍❵❜❨③❡◗❂❵❯❝⑧❨❩⑥❞❪✯❡➂❤❉❪✫❣✍❬ ✘ ❣✢❡➂✉❞❱❳②❙❪✫❾✙❚✧✔➵✙❇❚❲✉❞❵❜❨❳◗❂❬❢❵❏❡❩✐❭❚❲❤❯❪s❡✛✥✎⑦❞❚❲❱❴❪s◗❙❣③⑥
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❣③⑥❥◗❙❵❞♦❙❪✎❬❢❵✦❪✗❫❧❤❉❚❙❵❞❪✫❵❜❨❺②➃◗❂✐❢✉❞❪✫❡➢❬❢❡➢❝❧❱❳❬❭②❲❪✍❵✄❘①❾✯❣③⑥❯◗❂❵❞♦❲❪✫❡✟❬❢❵✄❨❩⑥❥❪
✙❇❪✫❣③⑥❥◗❙❵❞❬Ò❣✍◗❂✐❶❤❞❱❳❚❙❤❉❪✍❱❩❨❩❬❢❪✫❡ ➸ ❪✧✥ ♦✠✥✝❬❢❵❲❨❳❪✍❱❳❵❥◗❂✐✮✔ ❱❳❬❢❣✡❨❩❬❢❚❙❵❽◗❙❵❞♦❙✐❢❪✢❚❲❱
❣✡❚❲⑥❞❪✫❡❩❬❢❚❙❵✶➺❺❚✜✔❶❨❩⑥❞❪❦❬❢❵①②❙❚❙✐❢②❙❪s❝✦❱❳❚❧❣✓✒❊✙❇◗❲❡❩❡✦✥✉➇❜❨❩❬✤✣❽❱❳❚❧❣✓✒①❡✫✈ ✪ ❬④❨❳⑥

◗✦⑥❥❬❭♦❲⑥❞❪✍❱❏✔ ❱❳❬❢❣✡❨❩❬❢❚❙❵❽◗❙❵❞♦❙✐❢❪❙✈❖♦❙❪✫❵❞❪✍❱③◗➃❨❳❪✼❡➂❨❩❪✫❪✍❤❉❪✍❱✝❨❩❚❲❤❯❚❲♦❙❱③◗❂❤❞⑥❞❬Ò❣
❡❩✐❭❚❲❤❯❪s❡✎◗❂❵❥❝⑧✐❢❚ ✪ ❪✫❱➡❪✛❫❧❤❯❚❲❵❞❪✍❵❜❨✎②➃◗❂✐❢✉❞❪✫❡➡❨❳⑥❥◗❂❵✲❡❩❚✜✔ ❨❩❪✫❱✎❱❩❚❧❣✓✒❧❡✦✥

☛✮➑✆☎✬➑ ➐⑨➑ ➩ ↔❁➡✒✑ ✪✚→✞↕P➦✾➡❋➦✦➤✈➙✶↕ ✪➂➙ ✟➌→◗➜✏➑ ⑦❥❱❩❚✩✙ ◗✑♦❲❪✍❵❞❪✫❱❩❬Ò❣
❤❉❚❙❬❢❵❲❨⑧❚✜✔✢②①❬❢❪ ✪ ✈✎❨❳⑥❞❪Ö❤❯❚ ✪ ❪✍❱✻✐❢◗ ✪ ❝❧❬Ò❡➭❨❳❱❩❬❢❘❞✉❧❨❳❬❭❚❲❵➩❚❲❘❥❡➂❪✫❱❩②❲❪✫❝
✔ ❚❙❱❦❱❳❚❧❣✓✒✕✔➠◗❂✐❢✐★②❙❚❲✐❭✉✠✙✯❪s❡ ➸ ➀✆◗❂❘❞✐❢❪ � ➺✝❬Ò❡❦◗❂✐Ò❡➂❚✲❡❩❬✤✙❇❬❢✐❢◗❙❱✝❨❩❚✖❨❩⑥❥❪
✔ ❱③◗❂♦✧✙❇❪✫❵❲❨❇❡➂❬❑❉✍❪⑧❝❧❬Ò❡➭❨❳❱❩❬❢❘❞✉❧❨❳❬❭❚❲❵➊❱❳❪✍❤❉❚❙❱❩❨❩❪✫❝➊❝❧✉❞❱❳❬❭❵❞♦★✔ ❱❳◗❙♦✧✙❇❪✍❵✎✖
❨❳◗❂❨❩❬❢❚❙❵➞❪✛❫❧❤❯❪✫❱❩❬❑✙❇❪✍❵❜❨❳❡ ➸ ❪✧✥ ♦✠✥ ➃❋❛❋✷➉s➉❢✜❣✈❣♣✺✭✲ �✦✽✩❀✧❦✜❇ ◗❂❵❥❝➞❱❩❪✛✔ ❪✍❱❖✖
❪✍❵❯❣✡❪✯❨❩⑥❞❪✫❱❩❪✫❬❭❵✻➺✹✥ ❯ ❤❉❚ ✪ ❪✫❱✝✐Ò◗ ✪ ❝❞❬❢❡➂❨❩❱❳❬❭❘❥✉❧❨❩❬❢❚❙❵Ö❬❢❡✢◗❙❝❋✙❇❬❭❨➂❨❩❪s❝
❨❩❚✯❣③⑥❥◗❂❱③◗❙❣✡❨❩❪✫❱❩❬❑❉✍❪✾❨❳⑥❞❪✝❝❞❬❢❡➂❨❩❱❳❬❭❘❥✉❧❨❩❬❢❚❙❵✦❚✧✔➅✔ ❱❳◗❙♦✧✙❇❪✍❵❜❨③❡✄✔ ❚❙❱✾◗✑②➃◗✜✖
❱❳❬❭❪✍❨➭❾❴❚✜✔❧❱❳❚❧❣✓✒①❡❖❬❢❵❦✐Ò◗❂❘❉❚❙❱③◗➃❨❩❚❲❱❩❾✎❪✛❫❧❤❯❪✫❱❩❬❑✙❇❪✍❵❜❨❳❡✉✲ ❪✧✥ ♦✠✥▲➃❋❛❋✷➉s➉❢✜❣✈❣♣✺✍✈
�✦✽✩❀✧❦ ✈▼◗❙❵❥❝✑❱❳❪✗✔ ❪✫❱❩❪✫❵❥❣✡❪s❡❶❨❩⑥❞❪✫❱❩❪✫❬❭❵ ❇ ✥★➁♣❘❥❡➂❪✫❱❩②❲❪✫❝❦❪✛❫❧❤❯❚❲❵❞❪✍❵❜❨✟②➃◗❂✐✤✖
✉❞❪s❡☛✔ ❚❙❱❴❣✍✉✎✙✢✉❥✐❢◗❂❨❩❬❢②❙❪❦②❙❚❲✐❭✉✠✙✯❪✑❝❞❬❢❡➂❨❩❱❳❬❭❘❥✉❧❨❩❬❢❚❙❵❥❡❴❚✜✔➌✔ ❱❳◗❙♦✧✙❇❪✍❵❜❨③❡
❱③◗❂❵❞♦❲❪r✔ ❱❳❚✧✙ ❍ ✥ ❹ ❨❩❚ � ✥ � ✈ ✪ ❬④❨❳⑥ ❍ ✥ ❀ ◗❙❡✑◗❙❵Õ◗▼②❲❪✍❱③◗❂♦❲❪✢②➃◗❂✐❢✉❞❪✧✥
❯ ♦❙❪✍❵❥❪✍❱❳❬❢❣❪✙✯❚❧❝❧❪✫✐☞❚✜✔✉✔ ❱③◗❂♦✩✙✯❪✫❵❜❨❳◗➃❨❳❬❭❚❲❵✲♦❙❪✫❵❞❪✍❱③◗➃❨❳❪✫❡✝◗✦❤❉❚ ✪ ❪✫❱❝❧❬Ò❡➭❨❳❱❩❬❢❘❞✉❧❨❳❬❭❚❲❵❃❚✧✔➋✔ ❱③◗❂♦✩✙✯❪✫❵❜❨❳❡✫✈ ✪ ❬④❨❳⑥➦◗●✚✙❪✗❫❧❤❉❚❙❵❞❪✫❵❲❨✄❚✧✔❴❨❩⑥❥❪
❣✡✉✠✙✢✉❞✐Ò◗➃❨❳❬❭②❲❪✝②❲❚❙✐❢✉✎✙❇❪❦❝❧❬❢❡➂❨❩❱❳❬❢❘❞✉❧❨❩❬❢❚❙❵✲❝❧❪ ✘ ❵❞❪s❝✻❘①❾❲✈

✚ ✟ ✐❢❚❙♦ ➸ ❀✔✓ ➺
✐❢❚❙♦ ➸ ❀ ➺ ✘ ➸ ❀ ➺

✪ ⑥❞❪✫❱❩❪ ✓ ❬❢❡✝❨❳⑥❞❪❇❤❞❱❩❚❲❘❥◗❂❘❥❬❭✐❢❬④❨➭❾✲❚✧✔➡◗✻♦❙❬❢②❙❪✫❵➔❣✡❪✫✐❭✐✟❚✧✔➡❡❩❬✤❉✫❪✖✕★❨❳❚❘❞❱❳❪✫◗✧✒✲❬❭❵ ❀ ✔ ❱❳◗❙♦✧✙❇❪✍❵❜❨③❡♣❚✧✔✾❡❩❬❑❉✍❪✖✕✘✗ � ✥❇➀✾⑥❞❬❢❡❿❘❥❱❩❪s◗✜✒①❬❭❵❥♦✻❱❳✉❞✐❢❪
❬Ò❡♣❡❳❣✍◗❙✐❭❪✑❬❢❵①②➃◗❂❱❳❬❢◗❙❵❲❨s✈❥❬❵✥ ❪✩✥❭✈❖❪s◗❙❣③⑥❏❡❩✉❞❘❽❣✡❪✫✐❭✐ ✪ ⑥❥◗❂❨❩❪✍②❲❪✍❱➄❬❭❨❳❡✝❡❩❬✤❉✫❪⑥❥◗❲❡❺❨❳⑥❞❪❦❡❩◗✧✙❇❪✝❤❥❱❩❚❲❘❥◗❂❘❞❬❢✐❢❬④❨➭❾ ✓ ❨❩❚✯❘❞❱❳❪✫◗✜✒✄❬❢❵ ❀ ❡❖✙✄◗❂✐❢✐❭❪✫❱➡❣✍❪✍✐❢✐❢❡
✲♣➃❋❛❋✷❖s✓❢✜❣✈❣♣✺✡✈ �✾✽✧❀✧❦✜❇ ✥✆➀☛✉❥❵❞❬❭❵❥♦✼❚✧✔ ✓ ②➃◗❙✐❭✉❞❪s❡➢◗❙✐❭✐❢❚ ✪ ❡➢❱❩❪s❣✡❚➃②❙❪✫❱❩❬❢❵❞♦❚❙❘❯❡➂❪✫❱❩②❲❪✫❝✑❪✛❫❧❤❯❚❲❵❞❪✍❵❜❨✟②➃◗❂✐❢✉❞❪✫❡✮✔ ❚❙❱✟❱❳❚❧❣✓✒❙✔ ❱❳◗❙♦✧✙❇❪✍❵❜❨③◗➃❨❩❬❢❚❙❵ ✪ ❬④❨❳⑥✚ ✣ � ✔ ❚❙❱ ✓ ❱❳◗❙❵❞♦❙❬❢❵❞♦➋✔ ❱❩❚✩✙ ❍ ❨❳❚ � ✥☛❫❛❵✼❨❩⑥❞❬Ò❡ ✪ ◗▼❾❲✈s❨❩⑥❞❪✾❤❉❚ ✪ ❪✫❱✐Ò◗ ✪ ❝❞❬❢❡➂❨❩❱❳❬❭❘❥✉❧❨❩❬❢❚❙❵✭❚✧✔✾❱❳❚❧❣✓✒✭✔➠◗❙✐❭✐➡②❙❚❲✐❭✉✎✙❇❪s❡✍✈ ✪ ❬④❨❳⑥➊◗❂❵✭❪✛❫❧❤❯❚✧✖❵❞❪✫❵❲❨➡②➃◗❂✐❢✉❞❪❴❱③◗❂❵❞♦❲❬❭❵❥♦❙✔ ❱❩❚✩✙ ❍ ✥ � ❨❩❚ � ➸ ➀✆◗❂❘❞✐❢❪ � ➺✘✈①❣✍◗❂❵✙❘❯❪♣❱❩❪✛✖
❤❞❱❳❚❧❝❧✉❥❣✡❪s❝✖❘①❾✙❨❳⑥❞❬❢❡❴♦❙❪✫❵❞❪✍❱❳❬❢❣❏✔ ❱③◗❂♦✩✙❇❪✍❵❜❨❳◗❂❨❩❬❢❚❙❵✕✙❇❚①❝❞❪✍✐❵✥☛➈❴❚❂❨❳❪
❨❩⑥❯◗➃❨❴❨❳⑥❞❪✯❚❙❘❥❡❩❪✍❱❳②❙❪s❝✖❪✗❫❧❤❯❚❲❵❞❪✍❵❜❨③❡⑩✔ ❚❙❱✝❱❳❚①❣✓✒✰✔➠◗❂✐❢✐Ò❡✍✈ ❍✫✹ ❹ ✞ ❍✜✹ � ✈
◗❂❱❳❪➄❬❢❵✦❨❳⑥❞❪✝❡❳◗✜✙❇❪♣❱❳◗❙❵❞♦❙❪s❡✟❚✜✔✸❨❳⑥❞❚❲❡❩❪❴❱❳❪✍❤❉❚❙❱❩❨❩❪s❝①✔ ❚❙❱ ✔ ❱❳◗❙♦✧✙❇❪✍❵✎✖
❨❳◗❂❨❩❬❢❚❙❵⑨✥
❫➵❨✆◗❙❱❩♦❲✉❞❪✫❡⑨✔ ❚❙❱❶❨❩⑥❞❪➡❱❳❚①❣✓✒✌✔➠◗❂✐❢✐❧❡➂❬❑❉✍❪s❡✸❨❳❚❴❘❉❪➢❤❉❚❲❡❳❡❩❬❭❘❞✐❢❾❦❝❧❱❳❬❭②❲❪✍❵
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❽♣✉❞❪✝❨❩❚✼❨❩⑥❞❪❿❵❞❚❲❵✻✉❞❵❥❬✯✔ ❚❲❱❖✙ ❨❳❪✛✙❇❤❯❚❲❱❳◗❙✐➯◗❂❵❥❝✻②❙❚❲✐❭✉✎✙❇❪✝❡❩◗✧✙✯❤❥✐❭❬❢❵❞♦❲❡✫✈❜❨❩⑥❞❪❦❡➂❨❩✉❥❝❞❬❭❪s❝✻❣✫◗➃❨❳◗❙✐❭❚❲♦✢❬Ò❡✾❱❩❪s❡➭❨❳❱❩❬Ò❣✘❨❳❪✫❝❇❨❳❚✯❨❩⑥❞❪ �✦✽✩⑦✩❹ ✖ �✾✽✧✽✩❹ ❤❉❪✍❱❳❬❭❚❧❝➯✈
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⑥❞❪✫❬❭♦❲⑥❲❨ ❀✧❍✧❍ ✖ �✾❍✧❍✩❍ ✙✖✈❜❨❩❚❙❨❳◗❂✐❯✐❭❪✫❵❞♦❂❨❳⑥ �✦❍✩❍ ✒◗✙ ❂ ❤❞⑥❞❚❙❨❩❚❲♦❙❱③◗❂❤❞⑥❇❘①❾❬❴ ♠ ♦✰❝❆✺✓s✓❶✾❢❁✷❖✺✓❷❁✥ ➸ ❘✶➺✉❽♣❪✡❨③◗❂❬❢✐❭❪s❝✄②①❬❭❪ ✪ ❚✜✔➯❨❩⑥❥❪♣⑦❥◗❙❬❭❱❳②①❬❭❪ ✪ ❝❧❚✧✙❇❪✕★❶❨❩⑥❥❪
✔ ❱③◗❙❣✘❨❳✉❞❱❳❪❴❤❥◗❂❨➂❨❩❪✫❱❩❵✻❬❢❡➢❱❳❚❙✉❞♦❲⑥❞✐❭❾✄❣③⑥❥◗❙❱❳◗❲❣✘❨❳❪✍❱❳❬✤❉✫❪✫❝❇❘①❾✄◗✼❡❩⑥❞❪✍❪✍❨❩❬❢❵❞♦✢❤❥❱❩❚❧❣✡❪s❡❩❡➢♦❙❬❢②①❬❭❵❥♦ ✦➭❚❙❬❢❵❜❨❳❡➡❤❥◗❙❱❳◗❙✐❭✐❢❪✍✐❯❨❩❚✢❨❩⑥❞❪✝❨❩❚❲❤❯❚❲♦❙❱③◗❂❤❞⑥①❾❲✈❲◗❂❵❯❝✙❡❩❤❥◗❙❣✍❪✫❝
❡❩✉❞❘①②❙❪✍❱❩❨❩❬Ò❣✍◗❙✐ ✦➭❚❙❬❢❵❲❨③❡ ❂ ❤❞⑥❞❚❂❨❳❚❙♦❲❱❳◗❙❤❞⑥✙❘①❾ � ♠ q ♠ ❴☛✷❖✵❁✼➉✼✛❢✜✥



�✾❦

1850 1900 1950 2000
10

−2

10
0

10
2

10
4

10
6

10
8

time (yrs)

vo
lu

m
e 

(m
3 )

1850 1900 1950 2000
0

0.5

1

1.5

2

time (yrs)

nu
m

be
r 

of
 e

ve
nt

s 
pe

r 
yr

(a) 

(b) 
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