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以色列-伊朗交戰中東衝突擴大

以色列發出全國避難警報 攔截伊朗飛彈攻擊

納坦茲

大不里士

博納布
德黑蘭
福爾多

亞茲德
伊斯法罕

伊朗

伊朗多處核設施、機場、基地受損
以色列首都與中部城市亦報導災情

已確認受攻擊核設施
其他受空襲區域

簡報者
簡報註解
2025年6月13日，以色列發動代號「起義之獅行動（Operation Rising Lion）」的大規模空襲，攻擊伊朗多處核設施與軍事目標。以色列軍方表示，首波攻擊於伊朗當地時間凌晨3點30分展開，至少分六波進行，鎖定包括納坦茲（Natanz）與福爾多（Fordow）等鈾濃縮設施、飛彈基地、指揮中心與空防系統，
並同步在德黑蘭發動斬首行動，暗殺伊朗軍政高層與核科學家。意在阻止伊朗即將完成的核武計畫。
以色列軍方表示此次攻擊動用了約200架次軍機與潛藏在伊朗境內的無人機與炸彈，伊朗官方與社群影像回報，納坦茲主要濃縮廠遭破壞並冒出濃煙，國際原子能總署（IAEA）雖表示未監測到異常輻射，但承認電力與設施損壞情況嚴重。
以色列國防軍稱此次行動成功「重創伊朗核武計畫與軍事決策中樞」，並擊斃多名關鍵軍事與科技領袖，包括伊朗參謀總長巴格里（Mohammad Bagheri）、革命衛隊總司令薩拉米（Hossein Salami）及彈道飛彈計畫負責人哈吉札德（Amir Ali Hajizadeh）。伊朗隨後發射逾百枚無人機與飛彈反擊，以色列境內包括特拉維夫與黎雄林等地傳出多起爆炸，造成至少兩人死亡、數十人受傷，數棟建築嚴重毀損。
伊朗官方稱有78人於襲擊中喪生，超過320人受傷，並指控以色列犯下「國家恐怖主義」，要求聯合國安理會召開緊急會議。美國雖事先被知會，但強調未直接參與行動，並警告伊朗勿將報復行動擴及美方目標。川普總統則在社群平台呼籲伊朗盡快與美國達成核協議，避免衝突升級。
這場突襲反映以色列歷來對伊朗核威脅的強烈警戒。納坦雅胡政府認為伊朗擁核將對以色列生存構成致命威脅。
以色列趁伊朗政權疲弱、防空力下降、在黎巴嫩與敘利亞勢力退縮之際發動襲擊，並聲稱伊朗已累積足以製造15枚核彈的濃縮鈾。
然而美國情報總監蓋伯德（Tulsi Gabbard）曾於3月表示，伊朗最高領袖哈米尼並未重新啟動2003年中止的武器化計畫，顯示以色列對時間緊迫的判斷仍具爭議。
即使以色列毀損部分設施，伊朗地下設施如福爾多仍可能幸存，而其鈾礦儲備與濃縮技術也非武力可根除。若伊朗重啟核計畫，恐將以更隱蔽、更決絕的姿態重建和攻擊能力，加劇中東軍備競賽。若以色列-伊朗衝突升高成區域戰爭，除了可能波及波斯灣盟並將美國牽連進入戰局，全球油價飆升與經濟衝擊亦難以避免。
納坦雅胡強調這是國家存亡所必須的行動，但國際評論認為，此舉風險極高可能使中東陷入更深的暴力循環，阻礙如沙烏地阿拉伯等國力圖與以色列和解的地區願景。若以色列無法一舉摧毀伊朗核能力，以色列恐將陷入週期性的襲擊與報復，進一步消耗與美國的同盟資本與國際信譽。

https://apnews.com/article/iran-explosions-israel-tehran-00234a06e5128a8aceb406b140297299



以色列加薩軍事行動持續盟國擴大制裁
五國聯手制裁兩名以色列部長，譴責其煽動
針對巴勒斯坦人的暴力與違反人權行徑

澳洲外交部長
黃英賢

以色列國家安全部長
本格維爾

以色列財政部長斯
莫特里奇

全球聲援者組成「堅定車隊」
橫越北非前往加薩邊境

抗議以色列封鎖所導致的人道危機

6/9日約有 1,000 名人士
從突尼西亞首都突尼斯出發
參與「堅定車隊」行動 6/12日與來自50國的聲

援者會合，步行前往加
薩邊境的拉法口岸

加薩

突尼西亞

利比亞 埃及

2500+公里

theguardian.com

aljazeera.com

簡報者
簡報註解
澳洲與英國、加拿大、紐西蘭及挪威共同對以色列國安部長伊塔瑪·本-格維爾（Itamar Ben-Gvir）與財政部長貝扎雷爾·斯莫特里奇（Bezalel Smotrich）實施金融制裁與旅遊禁令，原因為兩人涉嫌煽動對巴勒斯坦人的暴力行為，違反國際人權法。此舉為對約旦河西岸區域巴勒斯坦人權侵犯行為的回應。
根據澳洲外交部長黃英賢（Penny Wong）的說法，這兩位以色列部長是非法定居點擴張與暴力行為最極端的支持者。他們的言行，包括參與喊出「阿拉伯人去死」、「願你村莊焚毀」等口號的示威，並公開否定巴勒斯坦建國的可能性，已對兩國方案造成嚴重損害。
制裁內容包括凍結其在澳洲的資產、禁止澳洲人提供財務支援，並限制其入境。黃英賢強調，這項制裁訊息明確指出：侵害人權與挑動暴力無法被接受。此外，黃部長亦譴責以色列阻礙人道援助進入加薩走廊，呼籲以方遵守國際義務。
總理艾班尼斯（Anthony Albanese）支持制裁行動，表示以色列有權保衛自身，但也必須遵守國際法。他指出反對聲浪「意料之中」，但澳洲政府會持續表達對巴勒斯坦人權的關切。
綠黨與多國外交部長皆認為此舉雖為遲來之舉，但極具必要性，旨在遏止約旦河西岸的暴力與擴張行為。聯合聲明指出，定居者暴力與極端主義言論已造成巴人死亡與社群流離失所，以色列政府須承擔國際法下的責任。
然而，美國對此制裁表達強烈不滿。國務卿盧比奧（Marco Rubio）表示，這些制裁不利於美國領導的停火努力、人質釋放與戰爭終止，並呼籲盟國記住「真正的敵人是哈瑪斯」，重申對以色列的堅定支持。以色列外交部長薩爾（Gideon Saar）稱該決定「令人憤慨」，而斯莫特里奇則批評英國「再一次試圖阻止以色列在其家園立足」。
與此同時，全球公民社會也發起聲援行動。突尼西亞領導的「堅定車隊」（Sumud Convoy）正穿越北非，計畫於6月12日與來自50國的聲援者會合，共同步行前往加薩邊境的拉法口岸，以突破封鎖並喚起國際對以色列在加薩地區「種族滅絕式戰爭」的關注。該行動由多個人權與勞工組織支持，包括突尼西亞全國勞工聯盟與人權聯盟。
儘管面臨來自利比亞東部與埃及軍事區的通行阻礙，參與者表示此行即使無法進入加薩，仍具有象徵意義。抗議者強調，全球社會不能坐視以色列持續阻絕援助、轟炸平民與造成人道災難，必須透過實際行動迫使停止戰爭與解除封鎖。
加薩人道危機持續惡化。自2023年10月7日以色列對加薩發動全面戰爭以來，已造成逾54,000人死亡、超過12萬人受傷。聯合國與法律學者指出，加薩所經歷的飢荒與廣泛破壞，可能構成「蓄意消滅巴勒斯坦人」的行為，符合國際法對種族滅絕的定義。
儘管面臨以美雙方壓力，澳洲政府表示將持續與以色列人民維持友好關係，但對侵害人權的行為絕不妥協。


https://www.theguardian.com/australia-news/2025/jun/11/australia-sanctions-two-extremist-israeli-ministers-for-inciting-violence-against-Palestinians
https://www.state.gov/releases/office-of-the-spokesperson/2025/06/united-states-condemns-uk-canada-norway-new-zealand-australia-sanctions-on-israeli-government-officials/
https://www.france24.com/en/live-news/20250610-uk-and-four-nations-sanction-two-far-right-israeli-ministers
https://www.aljazeera.com/news/2025/6/10/explainer-what-is-the-global-march-for-gaza-all-about



美國移民限制爭議衝突
euronews.com

洛杉磯

抗議活動自6/6日爆發
集中發生於洛杉磯市中心一帶

川普強硬推動移民驅逐，引爆洛杉磯抗爭

6/9日，美國針對12國實施嚴格入境限制
bbc.com

economist.com

簡報者
簡報註解
右
【洛杉磯抗議事件與川普政府移民政策總結】
近期，美國洛杉磯因移民與海關執法局（ICE）在拉丁裔聚居區大舉展開突襲行動，引發大規模抗議潮。此次行動源於美國總統川普重返白宮後加強非法移民驅逐政策，並揚言啟動美國史上最大規模的遣返行動。ICE於單日內就在大洛杉磯地區逮捕121人，且目標延伸至餐飲與零售等工作場所。
抗議活動自週五爆發，蔓延至洛杉磯市中心與南部的帕拉蒙特地區，當地也成為與警方對峙的重點區域。市中心更因傳出ICE拘留人員藏於聯邦大樓，引發上千人包圍抗議。市長宣布晚間宵禁，警方使用橡膠子彈、震撼彈等非致命武力進行驅離。
至今，洛杉磯警方已逮捕至少338人，儘管全市多數區域依然維持正常生活秩序。其他美國城市如舊金山、紐約、德州奧斯汀與達拉斯等也爆發聲援示威，其中舊金山在ICE辦公室附近的抗議演變為暴力衝突。
針對洛杉磯的動盪局勢，川普總統動用總統職權，繞過加州州長紐森，調派4,000名國民兵與700名海軍陸戰隊員進駐，主張此舉是為壓制對聯邦政府的反叛。這是自1965年以來首次在未經州長請求下出動國民兵，引起加州州府與市政府強烈不滿。
國民兵與海軍陸戰隊的任務為保護聯邦機構與人員，並無執法逮捕權，地面維安仍由洛杉磯警局負責。川普揚言「將軍隊部署到各地」，被視為刻意製造衝突，藉以強化在保守派選民中的領導形象。
儘管洛杉磯的抗爭規模尚不及1992年羅德尼·金事件，但情勢仍有升溫風險。評論指出，川普此舉可能是一種政治操弄策略：在民主黨執政的城市強行推行移民政策，引發抗議後再以軍事力量鎮壓，向其他城市與支持者傳遞警告與決心訊號。
此策略不僅加劇地方政府與聯邦政府的對立，也可能在全國引發類似對抗。批評者指出，川普的做法目的並非僅為提高驅逐效率，而是為了挑起黨派對立與激化選情。加州政府已著手對此舉提出訴訟，質疑其合法性。
整體而言，此次洛杉磯的騷亂與聯邦政府的強硬介入，揭示美國當前在移民政策、聯邦與州政府關係，以及街頭運動與執法行動之間的緊張與對抗。
https://www.bbc.com/news/articles/cj93d3r0zz0o
https://www.economist.com/leaders/2025/06/09/whats-happening-in-la-could-be-a-template-for-the-trump-administration

左
2025年6月針對川普總統最新實施的「第四版旅遊禁令（Travel Ban 4.0）」進行深入分析。該禁令自6月9日起生效，針對12個國家的人民限制入境，主要理由是降低國家安全風險與加強移民審查。受限國家多數來自中東與非洲，另有包括古巴與委內瑞拉等7國面臨部分性限制。政府評估某國是否列入禁令清單的依據包括簽證逾期比例高、拒絕接收遭美方遣返者、國內無法有效進行身分查核與資訊交換，或該國具備明顯恐怖活動據點。根據美國自由派智庫Cato Institute的分析，未來四年內將約有11.6萬名移民及超過50萬名訪客（如國際學生與臨時勞工）受到影響。此次禁令與2017年初版相比更具策略性與法律防禦力，川普政府刻意設計出完整的公告內容，逐一說明各國被列入的理由，並設有多項例外條款，例如綠卡持有者、參加世界盃與奧運的運動員、曾協助美國政府工作的阿富汗人，以及美國公民的直系親屬（需證明親屬關係）皆可豁免。美國最高法院於2018年「川普訴夏威夷案（Trump v. Hawaii）」裁定總統在移民政策上擁有廣泛裁量權，為本次政策提供明確法律依據，提升其抗訴能力。儘管如此，外界仍質疑該政策的公平性與實質效益。舉例來說，近期美國發生埃及籍男子攻擊猶太遊行事件，雖構成安全威脅，但埃及卻未列入禁令清單。同時，像哥倫比亞與巴西等未受限國家的簽證逾期人數反而遠高於部分受限國，顯示政策邏輯存在矛盾。禁令也被視為川普政府針對外國人立場趨於強硬的訊號之一，加上針對國際學生的政治立場審查與城市突襲行動，使國際觀感認為美國正日益排外。
https://www.economist.com/united-states/2025/06/08/donald-trumps-new-travel-ban-is-coming-into-effect 




中美倫敦貿易協商建立初步共識
euronews.com

歐美政策利率走勢
美聯儲聯邦基金利率上限
美聯儲聯邦基金利率下限

歐洲央行的政策利率

美歐利率政策分歧擴大，加上川普對貿易與
降息施壓，使雙邊經濟與進入關鍵協商期

FT.com

川普與習近平推動倫敦貿易協議
重啟稀土供應並維持55%高額關稅

簡報者
簡報註解
右
美中雙方在倫敦達成新的貿易協議框架，美國前總統川普於 Truth Social 表示支持此案，並稱該協議「已完成，僅待我與習主席最終批准」。協議內容包括中國將在六個月內暫時解除稀土出口限制，並承諾提供汽車與國防產業所需的稀土金屬與磁體。作為交換，美國將允許中國學生就讀美國大學。川普指出，此協議下美方將對中國維持總計55%的關稅，其中包含既有25%關稅、10%「對等關稅」及20%芬太尼打擊費。美方商務部長 Lutnick 表示，此次倫敦會談補足了先前日內瓦協議的細節，使兩國可落實關稅緩解措施。然而，此協議對於更廣泛的貿易爭議未有根本解決。該協議達成時，正值美國汽車業因中國稀土供應受阻而面臨停產危機。美方也於同日公布5月消費者物價指數年增率升至2.4%，引發對通膨的關切。川普再次呼籲聯準會於6月會議降息1個百分點，以減輕政府利息負擔。但多數經濟學者預期聯準會將維持觀望立場，暫不調整利率。


左
在當前全球金融政策格局下，美國與歐元區的借貸成本差距已擴大至疫情前以來的最大程度，且預料將持續拉大。歐洲央行於上週四將主要利率下調25個基點至2%，使得與美國的利率差突破225個基點，為2019年以來新高。相較之下，美聯儲（聯準會）仍維持利率不動，聯邦基金利率維持在4.25%至4.5%，並預計在夏季前不會改變政策。
川普總統對此表示強烈不滿，認為美聯儲行動遲緩，並呼籲立即大幅降息以刺激經濟。他公開批評聯準會主席鮑威爾為「遲到先生」，主張應降息一個百分點，展開全力支持經濟。美國通膨仍高於聯準會目標，令其無法輕易採取寬鬆政策，反觀歐洲通縮壓力大於通膨，使得歐洲央行能更快速地進行降息。
此外，川普的貿易政策也對外匯市場與利率傳導機制造成干擾。過往美元走勢多受利差影響，但當前歐元對美元已自年初以來升值逾13%，顯示投資者對美國財政赤字與政策不確定性的憂慮加深。
多位經濟學者與策略專家指出，美歐利率差的擴大與雙方的經濟結構與政策動機不同有關。美國是因應關稅導致的通膨壓力而延後降息，而歐洲則是為因應成長放緩與物價走低而提前降息。若未來貿易談判破裂，川普政府祭出更嚴厲關稅，利率差可能進一步擴大至325個基點以上，達到自2006年以來最高水準。
目前市場預期歐洲央行今年下半年可能再次降息，美聯儲則將於6月中會議維持利率不變，直到下半年通膨與就業數據更加明朗後，才可能調整政策。部分聯準會官員對通膨前景仍持保留態度，顯示政策轉向仍需觀察。整體而言，跨大西洋貨幣政策分歧恐在可見未來持續，並可能牽動全球資金流向與匯率走勢。
與此同時，德國總理梅茲（Friedrich Merz）於週四與美國總統川普在白宮會晤，強調德國準備承擔更多在未來貿易協定中的領導角色。梅茲表示，雙方針對關稅與雙邊貿易議題進行了深入討論，他特別指出德國汽車製造商在美國的投資規模與生產實力，主張應減少貿易壁壘，促進雙邊合作。
川普已設定7月9日為美歐達成貿易協議的最後期限，否則歐洲商品恐面臨高達50%的關稅。梅茲指出，德國汽車製造商每年在美國生產約40萬輛汽車，與德國國內數量相當，其中部分車輛再出口回歐洲，顯示雙邊製造與貿易關係緊密。他呼籲應正視這種「平衡」，並進一步協商以消除不必要的關稅。
梅茲亦強調，若貿易爭端升高，將不僅損害歐洲經濟，也將影響在美國營運的德國企業與當地家庭的生計。他表示將持續與歐盟委員會主席馮德萊恩進行溝通，期望在雙方都面臨壓力下找到實質解方。
儘管雙邊關係仍存在緊張因素，但德國與美國近期高層互動透露出重啟協商的可能性，也為即將到來的談判注入一線希望。

https://d2uvt19t67bxij.cloudfront.net/interactive/209473?exclusive
https://www.cnbc.com/2025/06/06/germanys-merz-says-he-agreed-to-boost-cooperation-with-white-house-on-trade-issues.html



印太地區科技軍事角力

reuters.com

今夏，美軍舉辦一系列軍事演訓
強化東亞盟邦聯防部署能力

亞馬遜宣布AWS雲端服務正式在台北啟用
tvbs.com

東亞局勢正進入戰略重組期，中國擴張海權
之際，南韓則在中美之間尋求外交平衡

abc.net.au

scmp.com

簡報者
簡報註解
左
日本防衛省近日首度偵測到中國兩艘航空母艦「山東號」與「遼寧號」同時在太平洋進行演訓，引發關注。日方指出，這顯示中國軍事行動範圍持續擴張。中國則稱演訓為「例行性訓練」，並強調符合國際法與國際慣例，無意對區域構成威脅。
根據日本防衛大臣中谷元的說法，中方艦隊行動已進入日本專屬經濟海域（EEZ），並在沖之鳥礁附近展開艦載機起降演練。日本透過外交途徑向中方表達關切，並將持續加強監控與巡邏。
中國海軍與外交部皆重申行動合法，並批評日本應以「客觀理性」看待。中國駐澳洲大使蕭建國亦稱中國海軍不構成對澳洲的威脅。
分析指出，中國此舉意在擴大第一與第二島鏈之外的軍事影響力，測試區域國家反應程度而不違反國際法。東京大學經濟安全研究主任河合大介認為，這代表中國戰略層級的重大升級。
此外，文章也提及澳洲皇家海軍的新型拖船竟由中國船廠製造，引發國內安全與供應鏈透明度的議論。
專家認為，中國第三艘航艦「福建號」即將服役後，將進一步提高海上行動頻率與地理範圍。而此次演訓的時機，或與美中經濟談判僵局有關，北京可能認為此刻美國較難做出強烈軍事反應。
另一方面，南韓新任總統李在明的上任也為區域情勢增添新變數。李在明被視為對中國與北韓較為友善，預料將在台海議題上採取更審慎立場，並致力於加強與北京的經濟合作。然而，他仍表態將維持韓美日三邊合作，強調與美國的堅實同盟。
儘管李曾批評與日本的軍事合作，但近期立場趨於務實。在美國戰略重心轉向中國背景下，若爆發台海衝突，專家認為韓國可能難以迴避對美軍的後勤支援義務，否則恐危及韓美同盟。
專家指出，李在明或將對北京展現務實姿態，透過觀光、文化與投資促進經濟交流，但在安全議題上仍須應對日益升高的區域緊張情勢。雖然他對涉台衝突的立場低調，仍須兼顧國家安全與與盟邦的協調。
整體而言，中國航艦活動的戰略擴張與南韓外交政策的潛在轉向，將對印太地區安全架構產生深遠影響。

右上
美國運輸司令部（U.S. Transportation Command, TRANSCOM）今夏在東亞地區推動一系列軍事演習，重點在於強化與區域盟友的協調與通訊能力，以提升面對危機時的快速應變與部署效率。
面對中國在南海與台灣周邊日益強勢的行動，美國與其區域夥伴持續加強聯合演練。TRANSCOM 作為負責全球軍備與裝備的陸、海、空運輸與戰時補給的單位，是美軍後勤體系中的核心支柱。
今年夏季的演習將測試現行後勤架構與基礎建設，確保美軍在區域內維持自由機動與持續作戰能力。其中名為「Mobility Guardian」的演習，將模擬美軍從本土快速動員並部署至東亞多地，並與盟友共同驗證戰術、技術與程序，以提升互通性與協同能力。
這些軍事行動不僅為提升實戰部署效能，也有助於深化與日本、菲律賓與南韓等條約盟國的合作關係，強化集體應對災難與區域安全威脅的能力。
此外，根據菲律賓軍方本週公布，菲美兩國海軍已第七度在南海進行聯合巡航，持續提升雙方海上作戰的互操作性與協同應變能力。
https://chatgpt.com/c/684a365c-2eac-8001-8305-e849f7469f0e

----------------------------------
右下
亞馬遜公司宣布 Amazon Web Services（AWS）亞太（台北）區域正式啟用，這標誌著台灣成為 AWS 全球雲端基礎設施網路的一環。台北區域的設立將為開發者、新創企業、各行各業與非營利組織帶來在地部署的選擇，有助於降低延遲、強化資料在地儲存的合規性，並提升數位服務的效能與安全性。新啟用的台北區域設有三個可用區域，AWS依循「主權設計」原則建置基礎設施，確保資料主權與業務連續性，這使台灣在全球供應鏈與雲端運算版圖上的角色更顯重要。
為支援區域營運，AWS宣布未來將投資超過五十億美元於台灣資料中心建設、連線、營運與維護，並持續擴展既有設施，包括CloudFront 邊緣節點（自2014年起）、AWS Direct Connect 站點、Outposts混合雲服務及本地區域（Local Zones）。此次設立台北區域不僅展現 AWS 對台灣市場的長期承諾，也象徵對數位韌性與科技創新的深度投資。
目前已有多家指標性台灣企業採用 AWS 雲端服務，包括104人力銀行、91APP、宏碁、國泰金控、中華電信、趨勢科技與台積電等，同時與多個在地夥伴如銓鍇國際、伊雲谷集團、刻刻在雲與博弘雲端等密切合作，共同打造完整的雲端生態系。
AWS 持續致力於提升其資料中心的能源效率，透過創新冷卻技術、自研晶片與基礎設施優化，大幅降低碳足跡。根據埃森哲報告，AWS 雲端基礎設施相較於傳統本地設施效率高出4.1倍，並在最佳化運作下可減少多達99% 的碳排放。AWS 也承諾於2040年前實現營運淨零碳排，提前達成《巴黎協定》所訂目標。
在培育數位人才方面，AWS 自2017年以來已在亞太及日本地區訓練逾九百萬名雲端技術人員，台灣受訓人數已超過二十萬人，並透過 AWS Academy、AWS Educate 及 Skill Builder 計畫持續推廣雲端技能教育，為未來科技領導者奠定基礎。
行政院長卓榮泰對此表示高度肯定，認為 AWS 台北區域的設立象徵 AWS 與台灣夥伴關係的深化，不僅促進雲端運算與人工智慧等新興科技發展，更有助台灣加速企業轉型、強化科技實力並拓展全球競爭力。AWS 亞太（台北）區域的啟用不僅強化本地雲端資源部署能力，也為區域數位轉型與產業升級注入新動能。
https://news.tvbs.com.tw/life/2897064

------------------------------------

https://www.abc.net.au/news/2025-06-10/japan-says-chinese-military-activity-expanding-in-pacific/105401494
https://www.scmp.com/news/china/military/article/3313338/south-korea-has-new-president-will-it-have-new-china-policy



飛機墜落於當地大學宿舍旁造成逾294人死亡
多人受傷，為印度數十年來最嚴重的空難之一

失事原因目前正在積極調查中washingtonpost.com

波音787墜毀印度校園釀數十年最慘重空難

印度航空6月12日於印度古吉拉特邦
一架往英國倫敦波音787班機
起飛離地30秒後即發生空難

簡報者
簡報註解
✈️ 事故概覽
航班與機型�事發航班為印度航空Air India Flight 171，使用機型為波音787‑8 Dreamliner（註冊編號 VT‑ANB），當地時間6月12日下午約13:38自艾哈邁達巴德機場起飛，目的地為英國倫敦蓋特威克機場people.com+15zh.wikipedia.org+15tw.news.yahoo.com+15。
墜毀情況�飛機起飛約30秒、在僅約625英尺（約190公尺）高度時失去聯繫，隨後墜毀在Meghani Nagar地區的B. J. Medical College學生宿舍旁timesofindia.indiatimes.com+11en.wikipedia.org+11zh.wikipedia.org+11。目擊影片顯示機頭曾試圖拉升，但隨後墜入即發生爆炸及濃煙四起。
 人員與傷亡
機上人員�共有242名乘客及機組（230乘客 + 12名機組），其中包括169名印度籍、53名英國籍、7名葡萄牙籍與1名加拿大籍hk.news.yahoo.com+7zh.wikipedia.org+7people.com+7。
倖存者�僅有一名乘客生還，為位於11A座的40歲英國籍印度裔男性 Vishwash Kumar Ramesh，他從緊急出口逃出，送醫後脫離險境washingtonpost.com+9people.com+9zh.wikipedia.org+9。
死亡及地面傷亡
機上死亡人數約241人，地面死亡至少24至53人，總死亡人數估計介於269至294人不等hk.news.yahoo.com。
至少41人受傷，多數為地面醫學院學生。
調查與初步原因
機組亦曾發出「Mayday」求救信號hk01.com+2en.wikipedia.org+2zh.wikipedia.org+2。
黑匣子已被回收，印度航空事故調查局（AAIB）正與英國與美國（NTSB）共同合作調查，此為波音787首起致命事故businessinsider.com+6en.wikipedia.org+6zh.wikipedia.org+6。
波音與引擎製造商GE Aerospace已表達配合調查意向；事故導致波音市值短期下跌。
公共與官方回應
印度總理莫迪及英國首相史塔默表達深切哀悼，印方已将应对标准列为“战时状态”以加强紧急救援zh.wikipedia.org。
空難後，波音宣布取消參加下周巴黎航展行程，德地航空與航空當局強調需深入調查原因hk01.com。
印度航空與塔塔集團已成立災後支援熱線及中心，提供受害者家庭協助與即時資訊。


https://www.washingtonpost.com/world/2025/06/12/air-india-plane-crash-ahmedabad-airport/?utm_source=chatgpt.com
https://people.com/air-india-crash-is-first-fatal-incident-involving-a-boeing-787-dreamliner-11753313?utm_source=chatgpt.com
https://www.businessinsider.com/air-india-boeing-787-crashes-shortly-after-takeoff-2025-6?utm_source=chatgpt.com



現代河流釋放出古老碳
• 全球約 59% 河流二氧化碳排放來自上萬年前固定的大氣碳。
• 碳源來自深層土壤、岩石與地下水，經長時間滲透後才釋放至河流。

• 結合新測量放射性碳（C-14）資料與既有全球數據，分析涵蓋近 700 條河川段落。
• 碳分為三類：10年級碳(decadal)、千年級碳(millennial)、岩源碳(petrogenic)。
• 僅 41% 為近代固定碳，其餘來自遠古來源。

高排放熱區特徵(較易動員深層儲碳進入河流)：

• 氣候變遷與土地使用改變（如土壤侵蝕）可導致古老碳釋放加速。
• 現有碳預估模型可能低估遠古碳貢獻。
• 挑戰傳統假設（河流 CO₂主要來自現代生物質分解）。
• 對全球碳循環模型和氣候政策制定有潛在衝擊。
• 顯示陸地生態系統碳儲存能力比先前認為更強。

• 大型河川

• 乾燥地區

• 高山地形

• 富含碳酸鹽沉積岩區

Li Li.,Nature, 2025



• 全球河流每年約釋放 2.0 十億噸 CO₂。

• 傳統觀點：河流 CO₂排放主要源自植物新陳代謝與有機質分解（近代碳）。

• 研究發現：大部分 CO₂是古老碳，來自深層土壤、岩石、甚至數千年前碳庫。

→重新定義河流在全球碳循環中的角色，並強調過去未充分估計「隱性碳排放」。

河流二氧化碳排放來源
Li Li.,Nature, 2025

大氣二氧化碳

河流CO₂排放
（每年十億噸）

二氧化碳排放

淺層土壤

深層土壤
岩石

海洋 十年級碳
（近代碳）

千年級碳
（數百～上萬年）

岩源碳
（古地質碳）



全球合作限制公海資源開發維護海洋淨土
因公海缺乏統一的國際管理機制，導致船隻無限制捕撈，造成海洋物種枯竭

• 公海漁業的問題：

每年長線漁法造成成千上萬海鳥、海龜與鯊魚死亡。

• 碳儲存功能：

公海是最大碳匯，透過生物幫浦和營養幫浦，進行碳封存與營養循環。

• 過度捕撈已擾亂循環：

例如鯨魚族群崩潰，導致碳與營養的上升輸送能力下降。

Callum M. Roberts et al., nature,2025

專屬經濟區

公海

深海

全球海底碳匯比例（％）

海洋碳匯分佈

國家所佔的百分比（％）

漁獲
價值
的累
積百
分比

保育後海搖資源
增加，全球 120 
個國家海洋相關
收入增加

關閉公海後 現在



海洋大型哺乳類遷徙遙測智慧保育

- 海洋巨型動物面臨混獲、船隻撞擊、噪音污染、塑膠廢棄物與捕
鯨等多重風險威脅，僅靠保護區難以全面防範

- 海洋生態保育應結合遷徙資料與物種特性，搭配多元管理工具，
精準因應人類活動造成的跨區域威脅

現行保護區
增加30%保護區

巨型海洋物種活動區域

海洋動物實際生活海域僅不到 8% 落在現有保護區內
顯示保護範圍與牠們主要活動區域嚴重錯置

海洋保護區範圍海鳥可能因氣味誤認塑膠為獵物

science.org

pansci.asia

簡報者
簡報註解
儘管全球日益強調海洋生物多樣性保護，現行的保育措施對於真正維繫海洋健康的重要物種仍顯不足。Sequeira 等人分析將近 1.6 萬隻大型海洋動物的追蹤資料，指出這些動物實際使用的海域中，僅不到 8% 位於現有的海洋保護區內，顯示保護區未能有效涵蓋牠們遷徙與棲息的核心區域。
研究團隊整合來自全球超過 1,100 萬筆定位資料，涵蓋 121 種具高度移動性的海洋物種，如鯨魚、鯊魚與海鳥等。結果顯示，這些物種活動的 66% 區域為關鍵的遷徙走廊或常駐棲地，突顯追蹤資料在規劃保育策略上的潛力。
該研究也指出政策與資料之間的落差。傳統上，保育規劃往往先收集資料，再回頭思考管理目標，導致保育成效有限。未來應以明確的保育目標為出發點，將科學證據導向能降低物種滅絕風險或維持生態功能的管理作為，例如針對族群成長關鍵時期設計保護區網絡。
不過，僅仰賴海洋保護區不足以應對海洋巨型動物所面臨的多元威脅。這些物種常橫跨多國海域，容易暴露於混獲、船隻撞擊、噪音污染、塑膠廢棄物與捕鯨等風險，而這些威脅往往以零散方式管理，未能整體評估遷徙過程中的累積影響。例如，雖然捕鯨備受關注，實際上其他未受充分管理的威脅對物種存續的影響更大。
30×30 目標雖已提升國際動能，但其真正影響力仰賴是否設定具體且可衡量的成果。保育策略應回應以下問題：需要何種保護強度與方式，才能有效維持物種生態角色與存續？哪些生命階段最需介入？同時，評估不同威脅對各物種的影響、管理措施的可行性與預期效益，才能更有效分配資源，聚焦於導致物種衰退的主因。
Sequeira 等人提出的「重要海洋巨型動物區域」概念，是識別人類活動與物種空間重疊的重要工具，將有助於制定更全面的保育對策。研究也強調，應將物種遷徙與行為資料納入保育科學主流，並結合生命史特徵，發展多元而靈活的治理工具，如改善漁具、調整航速、管制噪音等非保護區手段。
未來的成功保育，取決於是否能採取具體、可擴展、跨越國界並針對多重壓力因應的策略。Sequeira 等人的研究為海洋保育奠定了實證基礎，亦提醒我們：資料應為決策服務，而非僅止於記錄。


https://www.science.org/doi/10.1126/science.ady4423
https://www.science.org/doi/10.1126/science.adl0239
https://pansci.asia/archives/110242



海洋保育政策納入漁民聲音

- 小規模漁業支持全球5億人，具低生態衝擊與永續特性，屬藍色經濟重要一環
- 受氣候變遷、工業捕撈、塑膠污染與沿海開發影響，威脅生計
- 女性負責魚獲加工與銷售的角色，卻在公共政策中長期被忽視
- 非洲各國凝聚共識，強調小規模漁業在糧食安全、就業與創新中的戰略地位

五大政策訴求：

共管沿海資源

Nature, 2025

女性參與

保護漁業 提升氣候韌性

管理透明



區域氣候預測困境 AI應用優化策略

- 氣候模型雖能預測全球趨勢，但在預測區域氣候仍常出現偏差與失準，如無

法準確預測冬季北大西洋急流增強導致北歐降雨降雪增多現象。

- 過去雖透過統計降低尺度和維度與建構區域氣候模型來建立模型預測，但前

者易失真、後者成本高、仍帶偏差且結果品質不穩定。

- 目前發展方向主要透過模型篩選與 AI 技術產生可信度高的地方預測以及直接

研發建構超高解析度的全球模型以更準確掌握未來的極端天氣風險。

風向
未能預測風向變化而導致的格陵
蘭久晴現象與大西洋急流加強

濕度
高估乾燥區域

濕度上升

溫度
未預測到歐洲高溫且高估
南大洋與美國中部氣溫

降雨
低估南美、澳洲雨量並
且未預測東非等地乾旱

Sarah Crespi et al.,science,2025



太陽活動導致星鏈低軌衛星墜落

地球上層大氣異常膨脹，導致低軌衛
星繞行阻力增加，僅 2024 年已有逾

三百顆SpaceX星鏈低軌衛星
失控再返於大氣層焚毀

近期太陽風暴加劇，釋放強烈電漿與
磁場擾動持續衝擊地球上層大氣

專家建議加強衛星抗干擾與軌道調整設計，
結合太陽活動地磁風暴監測預測因應衛星再返焚毀潛在風險

newtalk.tw
skyatnightmagazine.com

簡報者
簡報註解
近年來，隨著 SpaceX 大規模部署「星鏈」（Starlink）低軌衛星，以提供全球高速通訊服務，太空環境的變化也日益受到關注。根據俄羅斯《共青團真理報》與多項國際研究報導，美國國家航空暨太空總署（NASA）戈達德太空中心的丹尼・奧利維拉（Danny Oliveira）研究團隊發現，2024 年出現前所未見的「衛星雨」現象，單年即有 316 顆星鏈衛星墜入大氣層焚毀，顯著高於往年。
自 2019 年首批衛星升空以來，星鏈計畫已累計損失 583 顆衛星，平均約每 15 顆就有一顆脫軌墜落。這一現象被指出與當前正值高峰的太陽活動密切相關。
研究顯示，太陽在 11 年週期中活躍時期會釋放大量電漿與磁場擾動，包括太陽黑子、耀斑與日冕物質拋射，導致地球上層大氣加熱膨脹，進一步增加低軌衛星的空氣阻力，加速其軌道衰減。特別是星鏈衛星位於近地軌道，設計壽命約 5 年，因此更易受太陽活動影響。
然而，NASA 團隊也發現，大多數墜落事件並非發生於最劇烈的磁暴期間，反而是在中等或輕微磁暴期間較常見。研究推測這可能與較長時間的微弱磁暴產生「慢性侵蝕」效果有關，長期影響衛星的穩定性。
英美多位天文學家指出，衛星密集軌道的增加也加劇觀測干擾與太空垃圾風險。來自英國的報導更指出，研究團隊分析 2020 至 2024 年間 523 顆星鏈衛星重返大氣層的模式，確認現行太陽週期（第 25 週期）比前一輪更為強烈，並已對太空任務產生實質影響。
面對太陽活動高峰可能持續數年，專家建議衛星營運商如 SpaceX 應更積極預測太陽天氣變化，並加強衛星抗干擾設計，以因應未來潛在風險。研究團隊強調，這是一個衛星密度與太陽活躍度雙雙創新高的時代，對太空科學與通訊技術構成前所未有的挑戰。

https://newtalk.tw/news/view/2025-06-09/975444
https://www.skyatnightmagazine.com/news/solar-storms-starlink-satellites



18

地磁風暴科學新知



極地風暴: 地磁擾動危機

極地風暴 (Polar Storm)描述彗星「哥白尼」的碎片撞擊阿拉斯加，導致地軸傾斜與地磁北極偏移，
天體物理學家詹姆斯發現地球磁場陷入失衡危機。地磁異常引發劇烈地磁風暴與連鎖EMP脈衝，癱
瘓全球電力與通信系統，造成飛機墜毀、心律調節器失效及電子設備損毀爆炸，社會秩序迅速崩潰

政府初期封鎖消息後，詹姆斯與退役將軍父親聯手，提出以潛艇搭載核彈至馬里亞納海溝深處，
引爆以產生反向震盪來矯正地軸與穩定磁場。核爆成功使地球自轉軸與磁場逐漸恢復正常，

地磁風暴終止，全球逃過滅亡命運，全球以及詹姆斯歷經災變一家人也重聚

簡報者
簡報註解
當彗星「哥白尼」的碎片撞擊阿拉斯加，導致地軸傾斜與地磁北極偏移，天體物理學家詹姆斯發現地球磁場正陷入全面失衡的危機。
地磁異常引發劇烈地磁風暴與連鎖EMP脈衝，癱瘓全球電力與通信系統，造成飛機墜毀、心律調節器失效及大量電子設備爆炸，社會秩序迅速崩潰。
在政府初期封鎖消息後，詹姆斯與退役將軍父親聯手，提出以潛艇搭載核彈至馬里亞納海溝深處，引爆以產生反向震盪來矯正地軸與穩定磁場。
核爆成功使地球自轉軸與磁場逐漸恢復正常，地磁風暴終止，全球逃過滅亡命運，歷經災變的一家人也重拾親情與希望。




太空事件影響地球磁場

磁場變動導致電子設備失控、
生理干擾、極光異象

太陽活動-地磁風暴文明新威脅

地磁風暴-電磁脈衝威脅現代生活

地磁風暴通訊交通健康影響



地磁風暴

什麼是地磁風暴？
地磁風暴是地球磁場因太陽風暴劇烈擾動所引起的現象

主要由太陽閃焰與日冕物質拋射(CME)引發，
干擾時間可持續數小時至數天，影響全球通信與電力系統

地磁風暴的形成機制
太陽釋放高能粒子進入太陽風

CME撞擊地球磁層，引發磁場劇烈變動
誘發地磁擾動與地面感應電流(GIC)

潛在影響與受災系統
高頻無線電干擾，GPS錯位、衛星電子元件損壞與姿態偏移

電網過載與變壓器故障，可能導致大規模停電
石油與天然氣輸送管線電化腐蝕、極光擴展至中緯度地區



地磁風暴運輸通訊衝擊

太空天氣可能干擾通訊與導航系統
影響航空、海運、鐵路與地面運輸的安全與運作效率

宇宙射線 太陽高能質子

太空人暴露於輻射

日冕物質拋射

太陽能板性能退化

電子元件錯誤

高頻無線電干擾
訊號閃爍干擾

接收訊號異常

地磁擾動引發
電網電流異常

石油鑽井
方向精度降低

太陽閃焰

衛星設備因輻射受損

機組人員與
乘客輻射暴露

Xue et al., 2024

簡報者
簡報註解
How do space weather events cause disruptions in critical infrastructure, including communication systems, GNSS, and power grids?
How do space weather events affect different modes of transportation, including air, maritime, railway, and ground transportation?
What measures can be implemented to enhance the resilience of transportation infrastructure against space weather impacts?


Schematic of the effects of space weather on transportation systems, including air, maritime, railway, and ground transportation.

Modern transportation systems heavily depend on advanced technologies like satellite navigation systems and communication networks, which greatly enhance safety, efficiency, and overall effectiveness (Deng et al., 2023; Monzon et al., 2022). Nevertheless, transportation systems are vulnerable to space weather, as space weather can result in communication blackouts, satellite navigation failure, surveillance failure, increased cosmic radiation, and power grid disruption. Figure 1 illustrates the effects of space weather on transportation systems.




地磁風暴四大主要通訊交通影響
Xue et al., 2024

通訊中斷
太陽閃焰造成電離層劇烈擾動，導致高頻無線電訊號吸收增加

引發短波通訊中斷與訊號劣化

衛星導航失準
地磁風暴擾亂電離層，造成全球導航衛星系統訊號延遲與定位誤差

影響交通與軍事導航安全

高空輻射增強
太陽高能粒子進入大氣，增加航空與太空活動中的輻射劑量

威脅人體健康並干擾電子設備

電網感應電流異常
地磁擾動誘發電網感應電流，可能導致變壓器飽和

電壓異常與大規模停電風險

簡報者
簡報註解
2.1 Communication Blackouts
Solar flares can cause communication radio blackouts primarily by affecting the Earth's ionosphere, which is essential for the propagation of radio waves (Yasyukevich et al., 2018). When a solar flare occurs, it emits a broad spectrum of radiation, including extreme ultraviolet (EUV) and X-rays, which travel at the speed of light and reach Earth in about 8 minutes (Woods et al., 2011). This rapid influx of high-energy radiation significantly increases the ionization levels in the Earth's upper atmosphere, particularly in the ionosphere's D-layer. The D-layer of the ionosphere, located at altitudes between 50 and 90 km, plays a critical role in the propagation of High-Frequency (HF) radio waves, which are used for long-distance communication (Wang et al., 2022). Under normal conditions, the ionosphere reflects these HF radio waves, allowing them to travel beyond the horizon. However, the enhanced ionization caused by solar flares increases the absorption of HF radio waves in the D-layer. This phenomenon, known as a sudden ionospheric disturbance (SID), results in a significant loss of signal strength and can lead to complete radio blackouts on the sunlit side of the Earth (Fagundes et al., 2020). The higher absorption prevents HF radio waves from being reflected back to the ground, thus disrupting long-distance communication.
Moreover, the impact of solar flares on the ionosphere can extend beyond immediate HF communication blackouts. The increased ionization can also affect the E-layer and F-layer, which are higher regions of the ionosphere that influence the propagation of Very High Frequency (VHF) and Ultra High Frequency (UHF) radio waves (Bust et al., 2021). These frequencies are crucial for various applications, including aviation, maritime communication, and satellite communication. Enhanced ionization can lead to signal scattering, phase shifting, and overall degradation of signal quality. Additionally, solar flares can cause bursts of radio noise that interfere directly with communication signals. Therefore, the disturbances in the ionosphere caused by solar flares have broad implications for global communication systems, such as shortwave radio broadcasts, GNSS signals, and satellite-based communications.
From the perspective of historical space weather events, the effects on HF communications are more significant than VHF and Satellite Communication (SATCOM). (a) HF service encountered over 2 hours of impairment after the X1.1 (R3 [Strong]) solar flare occurring between 16:29–17:04 UT on 19 October 2003 (NOAA, 2004). (b) On 7 September 2005, solar activity notably affected all HF communications across the United States. However, line-of-sight VHF communication remained largely unaffected (SKYbrary, 2024). (c) Between 4 and 10 September 2017, multiple solar eruptions originating from active region AR12673 resulted in temporary degradation or loss of HF signals on the sunlit side of Earth. Particularly, on 6 September 2017, HF communications experienced a significant outage throughout most of the morning and early afternoon (Redmon et al., 2018). (d) Following the peak of the M2.2 solar flare at 10:28 UT on 28 October 2021, an approximately 12% increase over the background in total electron content was observed, particularly in the latitude range of 20°–40°S of the African sector. Consequently, mid-latitude ionosonde data revealed no echoes from the ionosphere E and F1 layers during the period ∼10:25–12:25 UT, constraining complex modes of HF communications (Habarulema et al., 2022). (e) CMEs were ejected into space following an X5 solar flare erupting from the Sun‘s surface at 21:55 UT on 31 December 2023, marking the most powerful flare during solar cycle 25 up to that point. Subsequently, this space weather event prompted a warning to high-frequency radio users (Bink, 2024). Additionally, geomagnetic storms can disrupt the satellites themselves. The increased energetic particle flux during such storms can cause temporary malfunctions or permanent damage to satellite electronics (Baker & Bodeau, 2021). This includes the onboard atomic clocks, which are crucial for the precise timing needed for accurate GNSS positioning. Satellite orbits can also be perturbed by increased atmospheric drag, leading to further inaccuracies (Capon et al., 2019). Consequently, geomagnetic storms pose a significant threat to the reliability and accuracy of satellite navigation systems, impacting a wide range of applications from aviation and maritime navigation to military operations and personal navigation devices.

2.2 Satellite Navigation Failure
Geomagnetic storms can lead to satellite navigation failures through multiple complex mechanisms. These storms arise when charged particles from the sun interact with the Earth's magnetosphere, inducing significant changes in the Earth's magnetic field and ionosphere. Especially, the most critical impact on satellite navigation systems is the disturbance they cause in the ionosphere (Wang, Li, et al., 2021).
The ionosphere is a layer of the Earth's atmosphere, extending from about 60 km to 1,000 km in altitude, that is ionized by solar radiation (Pavlov, 2014). It plays a crucial role in the propagation of radio signals used by satellite navigation systems. During a geomagnetic storm, the influx of energetic particles increases the density and variability of ionized particles in the ionosphere. This heightened ionization leads to irregularities known as ionospheric scintillation, which can cause rapid fluctuations in the amplitude and phase of the radio signals traveling through the ionosphere (Luo et al., 2020). Scintillation can severely degrade the quality of GNSS signals, leading to increased positioning errors or complete signal loss.
Furthermore, geomagnetic storms can cause large-scale changes in the structure of the ionosphere, creating gradients in the electron density (Li et al., 2021). These gradients can lead to signal refraction and multipath errors, where the satellite signals take multiple paths to the receiver, arriving at slightly different times and angles (Affonso et al., 2022; Wang et al., 2020). This phenomenon degrades the accuracy of the position calculations made by GNSS receivers. The Total Electron Content (TEC) of the ionosphere, which represents the number of free electrons along the path of the GNSS signal, can fluctuate significantly during geomagnetic storms. In particular, the TEC variation on 29 October 2003 is shown in Figure 3. Rapid changes in TEC introduce timing delays in the signals, which GNSS receivers use to calculate distances. These delays can lead to substantial errors in position determination, affecting navigation accuracy (Roy & Paul, 2013; Wang, Xue, et al., 2021).


2.3 Elevated Cosmic Radiation
Solar radiation storms significantly increase cosmic radiation levels due to the intense emission of energetic particles from the Sun. These events primarily occur during solar flares or CMEs, which release large quantities of protons, electrons, and heavy ions into space (Norbury et al., 2019). During a solar radiation storm, the Sun emits a burst of high-energy particles, which are accelerated to near-light speeds by the powerful magnetic fields associated with solar flares and CMEs. These particles then propagate through the heliosphere, the bubble-like region of space dominated by the solar wind and the Sun's magnetic field. As they travel, they can penetrate the Earth's magnetosphere and atmosphere, contributing to increased levels of ionizing radiation (Schwadron et al., 2017). This influx of SEPs can significantly enhance the background cosmic radiation, which is normally composed of galactic cosmic rays originating from outside our solar system.
The increase in cosmic radiation due to solar radiation storms is particularly pronounced at higher altitudes and latitudes (Rozanov et al., 2012). The Earth's magnetosphere offers some protection by deflecting charged particles, but this shielding effect is weaker near the poles and at high altitudes, such as those encountered by aircraft and spacecraft (Shi et al., 2013). Consequently, during an SPE, polar regions and high-altitude flight paths experience greater radiation exposure. This poses risks to aviation and space travel, as the elevated radiation levels can affect both human health and electronic systems (Cannon, 2013). For instance, airline crews and passengers on transpolar flights might receive doses of radiation significantly higher than usual, and satellites in orbit can suffer from increased rates of single-event upsets in their electronic components (Baker & Bodeau, 2021).
Moreover, solar radiation storms can lead to secondary radiation effects (Obermeier et al., 2011). When high-energy particles from an SPE interact with the Earth's atmosphere, they can produce secondary particles through a process called atmospheric cascades. These secondary particles, including neutrons and muons, contribute to the overall radiation environment and can penetrate deeper into the atmosphere than the primary SEPs. This phenomenon enhances the radiation dose at altitudes typically used by commercial aviation, further increasing the risks during intense solar events.
Furthermore, radiation-caused SEE can significantly impact modern transportation systems, particularly as vehicles become more reliant on advanced electronics and automation. In aerospace, SEEs can disrupt critical avionics, navigation, and communication systems, leading to potential safety risks (Dyer et al., 2006). As a result, some autonomous vehicles and advanced driver-assistance systems may experience temporary malfunctions or incorrect actions, such as sudden braking or steering errors. Additionally, SEEs may affect power management systems in electric and hybrid vehicles, potentially leading to hardware failures. As transportation becomes more connected and automated (Yang et al., 2017), mitigating SEE risks through redundancy, error correction, and radiation-hardened components is crucial for safety and reliability.


2.4 Geomagnetically Induced Currents
The primary mechanism for geomagnetic storms to affect power grids lies in the induction of electric currents in long conductors such as power lines and transformers (Švanda et al., 2020). During a geomagnetic storm, the rapid changes in the Earth's magnetic field induce electric fields in these conductors. These induced electric fields, in turn, generate electric currents that can flow through the power grid infrastructure. These GICs can have significant impacts on power grids (Gil et al., 2023). First, GICs can saturate transformers, reducing their efficiency and capacity. This saturation can persist for extended periods, affecting the stability and reliability of the grid. Second, GICs can also cause voltage fluctuations and imbalances in the grid, potentially leading to equipment damage and failures (Boteler, 2019).
Moreover, GICs can interact with the grid's protection systems, potentially causing them to malfunction or trip. This can lead to widespread power outages, especially if multiple transformers are simultaneously affected. The simultaneous saturation of transformers across the grid can result in a cascade of failures, further exacerbating the disruption (Kappenman, 2018). The severity of the power grid disruption depends on several factors, including the strength of the geomagnetic storm, the configuration and design of the power grid, and the presence of mitigating measures. However, even moderate geomagnetic storms have the potential to disrupt power grids, especially if the grid is not adequately protected or designed to withstand such events. For example, at the China Hebei East traction power supply substation, the maximum GIC recorded was 1.08 A during the geomagnetic storm on 17 March 2015 and 1.74 A during the geomagnetic storm on 23 June 2015 (Liu et al., 2016). A study of the Mexican grid shows that even at low latitudes, GICs can induce an additional current effect of 10–75 A at the edge of the grid, no matter the main orientation of the




飛航交通通訊影響
Xue et al., 2024

高頻通訊中斷
極區航班因太空天氣可能失去 HF 通訊，曾導致航班改道、燃油多耗
與貨物減載。若每日 18 班極區航班取消，損失約 €2.2 百萬；改道與
時程調整損失介於 €0.18–0.85 百萬。
衛星導航失效
導航失效使飛機需由地面導航，造成擁塞與延誤。模擬2030年香港
機場事件中估計損失3–4 百萬歐元，2003 年地磁風暴事件損失 2.43 
百萬歐元，主要航道區域未來可能損失達數千萬歐元。
監控系統失效
ADS-B 和雷達可能因太陽爆發暫停運作。2015 年瑞典空管中斷一小
時，影響航班調度。系統失效降低容量並增加空管人員負荷與風險。
航空輻射暴露高空飛行受宇宙射線影響，降低高度雖可減少 42% 劑
量，卻增加燃油與飛行時間。若輻射限設為 500 μSv，取消航班損失
達 5千萬歐元，提高輻射忍受程度至1,000 μSv 則損失為 3 百萬歐元。
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高頻通訊中斷（HF Blackouts）�飛機飛越北緯 82 度以上的極區時，須仰賴高頻無線電（HF）通訊，然而太陽質子事件會導致極帽吸收現象，引發通訊黑障。2003 年有三架紐約至香港的航班因兩小時通訊異常改道，導致額外耗油 26,600 磅、減載貨物超過 16,500 磅。模擬研究顯示，若極區 18 班每日航班全數取消，經濟損失約 €2.20 百萬，若僅改道或調整時程，損失約 €0.18–0.85 百萬。
衛星導航失效（Satellite Navigation Failure）�衛星導航技術可提升飛行效率並節省燃油，但受到太空天氣干擾時會失準，需改用地面導航，導致空域容量下降。模擬分析指出，2030 年香港機場若發生導航失效，將造成 €3.18–4.18 百萬損失；2003 年萬聖節風暴對美國機場也估算出 €2.43 百萬經濟損失；中國大灣區預估在 2025 年若遇類似狀況，損失可能達數千萬歐元。
監控系統失效（ADS-B 與雷達）�ADS-B 依賴 GNSS 定位訊號，太空天氣擾動會使其失效。2015 年一次太陽爆發造成瑞典、比利時等地雷達系統異常，影響空管長達一小時。監控失效時需回退至程序管制，飛行間隔拉大，不僅降低空域容量，也加重空管人員壓力，增加操作錯誤風險。
航空輻射暴露升高（Radiation Exposure）�機組人員在高空飛行中暴露於宇宙射線，尤其極區航班風險較高。2006 年一例顯示降低飛行高度可減少 42% 輻射劑量，但燃油消耗增加 4.8%、飛時延長 4.7%。若設定單次飛行劑量上限為 500 μSv，模擬顯示取消所有相關航班的損失達 €49.97 百萬；提高至 1,000 μSv 可將損失降至 €2.77 百萬。為兼顧輻射安全與燃油效率，已有模型提出最佳飛行高度與速度選擇，可節省 $4,556 至 $0.35 百萬成本。



太陽活動地磁風暴交通通訊
三大關鍵應對策略Xue et al., 2024

強化宇宙氣象監測預警系統
建置即時預警與監測中心，有助提前應對太空天氣

降低通訊、導航與能源基礎設施中斷風險

提升關鍵系統韌性設計
針對通訊、導航、監測與電網設計備援與防護機制

確保在地磁擾動下仍可穩定運作

建立動態交通管理策略
透過航路調整、預測性控管與預設應變機制

維持空運、海運與陸運在太空天氣衝擊下的營運安全
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4.1 Key Measure One [宇宙氣象監測預測]
Improving space weather forecast and monitoring systems is crucial for enhancing the resilience and safety of global technological infrastructure (ICAO, 2019). Specifically, space weather forecast centers play a crucial role in monitoring and predicting space weather events that can impact various technological systems on Earth. Accurate and timely forecasts can help mitigate the adverse effects of space weather on critical systems such as communication networks, navigation systems, power grids, and transportation networks (Smith et al., 2022). In Europe, the European Space Agency (ESA) leads efforts to monitor and forecast space weather. They employ sophisticated observational networks and advanced modeling tools to track solar wind patterns, CMEs, and geomagnetic storms, contributing to early warning systems (ESA, 2020). NOAA's Space Weather Prediction Center (SWPC) in the United States can provide real-time space weather alerts and forecasts. It utilizes data from space-based observatories, including those from the Solar Dynamics Observatory (SDO) and geostationary satellites (Bain et al., 2023). In Canada, the Canadian Space Weather Forecast Center (CSWFC) plays a pivotal role, leveraging the country's unique geomagnetic vantage points to study auroral and ionospheric phenomena (Marshall et al., 2020). Meanwhile, Russia's Institute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation (IZMIRAN) conducts extensive research on space weather, focusing on high-latitude impacts and satellite navigation systems (Borchevkina et al., 2020). In addition, the Chinese Meridian Project (CMP), a key initiative funded and developed by the Chinese government, aims to comprehensively monitor the space environment through an extensive ground-based network (Wang et al., 2024). Currently, space weather advisory services are provided by four global centers: the Pan-European Consortium for Aviation Space Weather User Services (PECASUS), SWPC, the Australia-Canada-France-Japan (ACFJ) consortium, and the China-Russia (CRC) consortium (Sergeeva et al., 2023). These centers operate on a 2-week rotational basis, with one center on duty while the others serve as primary backup, secondary backup, and maintenance centers. By providing early warnings, these improved systems enable better preparedness and response strategies, reducing the risk of disruptions and economic losses.

4.2 Key Measure Two
Strengthening the resilience of critical systems such as communication, navigation, surveillance, signaling, and power grids is crucial in mitigating the adverse effects of space weather on transportation networks. This can be achieved through several measures. For communication systems, this involves incorporating redundancy and fail-safes to ensure continuous operation during space weather disturbances (Sabaliauskaite et al., 2024). Then, enhancing navigation systems, especially those reliant on GNSS, includes developing alternative positioning methods and improving the robustness of satellite infrastructure (Chen et al., 2023; Wang et al., 2023). For example, Ground Based Augmentation System (GBAS) can contribute to resilient aircraft navigation service (Zhu et al., 2024). Surveillance systems need to be fortified with advanced sensors and algorithms to maintain operational integrity (Chiocchio et al., 2020). Railway signal systems should be designed to withstand geomagnetic interferences (Pan et al., 2020). Lastly, power grids should be upgraded with protective technologies like geomagnetic shielding and adaptive control mechanisms to prevent disruptions caused by geomagnetically induced currents (Lopes et al., 2020). By implementing these comprehensive strategies, the transportation sector can better withstand the challenges posed by space weather events, ensuring safety and reliability.


4.3 Key Measure Three
Implementing targeted traffic management strategies can significantly enhance the resilience of transportation systems against space weather impacts. These strategies include developing dynamic rerouting protocols that adjust to real-time space weather data, ensuring that flights and vessels avoid affected areas. Advanced traffic control systems equipped with predictive analytics can optimize the flow of air, maritime, and ground traffic, reducing congestion and minimizing delays caused by disruptions (Sridhar et al., 2008). In aviation, this might involve preemptively adjusting flight paths and altitudes to minimize exposure to increased cosmic radiation and communication blackouts (Buzulukova & Tsurutani, 2022; Jones et al., 2005). For maritime and railways, strategic scheduling adjustments and the use of alternative routes can maintain service continuity (Ahuja et al., 2005). Additionally, integrating space weather alerts into traffic management systems allows for timely decision-making and coordinated responses. By adopting these comprehensive traffic management strategies, transportation networks can maintain operational efficiency and safety, even during severe space weather events. Dynamic rerouting, adaptive signal control, and pre-established contingency plans are essential to ensure continued transportation operation and safety. For illustration, Figure 5 highlights these potential methods and recommendations for mitigating the effects of space weather on transportation systems from the perspectives of Key Measure two and Key Measure three.




地磁風暴台灣區域風險分析

預測與因應建議
1. 依Kp指數及NOAA G等級提早預警
2. 電網加裝GIC保護模組與監測儀器
3. 強化太空天氣預警通報與跨部門應變系統
4. 衛星與航空設備軟硬體需設置容錯與備援機制

雖非高緯地區，但仍可能受中等以上地磁風暴影響
台灣電網高集中、供電穩定性受限，對GIC更敏感

桃園、台中與南部地區大型變電站具潛在感應電流風險
衛星導航應用廣泛，如農業、運輸與地震監測，可能受干擾

極光觀測與極區效應
台灣通常不見極光，但G4以上風暴曾造成日本北部可見

東亞地區(如北海道)屬中高緯區，需納入聯防機制
航空與遠洋通訊對極區干擾需特別預警



人工智慧與機器學習
地磁擾動動態分析中的應用 (1)

輸入資料來源
- 太陽風參數(速度、密度、溫度)
- 日冕物質拋射(CME）觀測資料
- Kp、Dst、AE 等地磁指數
- 地面磁場變化率(dB/dt)

AI 模型應用於地磁風暴預測
-RNN / LSTM / GRU：適合時間序列建模
-Random Forest / XGBoost:風險排序與特徵選擇
-CNN + LSTM：整合影像與時間序列
-Transformer（如 Informer）：長期預測效能優異
-GAN：模擬極端事件與合成樣本

特徵工程方法
- 時間序列視窗特徵
- 小波轉換與頻域特徵
- 空間-時間動態網格
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4.1 Key Measure One [宇宙氣象監測預測]
Improving space weather forecast and monitoring systems is crucial for enhancing the resilience and safety of global technological infrastructure (ICAO, 2019). Specifically, space weather forecast centers play a crucial role in monitoring and predicting space weather events that can impact various technological systems on Earth. Accurate and timely forecasts can help mitigate the adverse effects of space weather on critical systems such as communication networks, navigation systems, power grids, and transportation networks (Smith et al., 2022). In Europe, the European Space Agency (ESA) leads efforts to monitor and forecast space weather. They employ sophisticated observational networks and advanced modeling tools to track solar wind patterns, CMEs, and geomagnetic storms, contributing to early warning systems (ESA, 2020). NOAA's Space Weather Prediction Center (SWPC) in the United States can provide real-time space weather alerts and forecasts. It utilizes data from space-based observatories, including those from the Solar Dynamics Observatory (SDO) and geostationary satellites (Bain et al., 2023). In Canada, the Canadian Space Weather Forecast Center (CSWFC) plays a pivotal role, leveraging the country's unique geomagnetic vantage points to study auroral and ionospheric phenomena (Marshall et al., 2020). Meanwhile, Russia's Institute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation (IZMIRAN) conducts extensive research on space weather, focusing on high-latitude impacts and satellite navigation systems (Borchevkina et al., 2020). In addition, the Chinese Meridian Project (CMP), a key initiative funded and developed by the Chinese government, aims to comprehensively monitor the space environment through an extensive ground-based network (Wang et al., 2024). Currently, space weather advisory services are provided by four global centers: the Pan-European Consortium for Aviation Space Weather User Services (PECASUS), SWPC, the Australia-Canada-France-Japan (ACFJ) consortium, and the China-Russia (CRC) consortium (Sergeeva et al., 2023). These centers operate on a 2-week rotational basis, with one center on duty while the others serve as primary backup, secondary backup, and maintenance centers. By providing early warnings, these improved systems enable better preparedness and response strategies, reducing the risk of disruptions and economic losses.

4.2 Key Measure Two
Strengthening the resilience of critical systems such as communication, navigation, surveillance, signaling, and power grids is crucial in mitigating the adverse effects of space weather on transportation networks. This can be achieved through several measures. For communication systems, this involves incorporating redundancy and fail-safes to ensure continuous operation during space weather disturbances (Sabaliauskaite et al., 2024). Then, enhancing navigation systems, especially those reliant on GNSS, includes developing alternative positioning methods and improving the robustness of satellite infrastructure (Chen et al., 2023; Wang et al., 2023). For example, Ground Based Augmentation System (GBAS) can contribute to resilient aircraft navigation service (Zhu et al., 2024). Surveillance systems need to be fortified with advanced sensors and algorithms to maintain operational integrity (Chiocchio et al., 2020). Railway signal systems should be designed to withstand geomagnetic interferences (Pan et al., 2020). Lastly, power grids should be upgraded with protective technologies like geomagnetic shielding and adaptive control mechanisms to prevent disruptions caused by geomagnetically induced currents (Lopes et al., 2020). By implementing these comprehensive strategies, the transportation sector can better withstand the challenges posed by space weather events, ensuring safety and reliability.


4.3 Key Measure Three
Implementing targeted traffic management strategies can significantly enhance the resilience of transportation systems against space weather impacts. These strategies include developing dynamic rerouting protocols that adjust to real-time space weather data, ensuring that flights and vessels avoid affected areas. Advanced traffic control systems equipped with predictive analytics can optimize the flow of air, maritime, and ground traffic, reducing congestion and minimizing delays caused by disruptions (Sridhar et al., 2008). In aviation, this might involve preemptively adjusting flight paths and altitudes to minimize exposure to increased cosmic radiation and communication blackouts (Buzulukova & Tsurutani, 2022; Jones et al., 2005). For maritime and railways, strategic scheduling adjustments and the use of alternative routes can maintain service continuity (Ahuja et al., 2005). Additionally, integrating space weather alerts into traffic management systems allows for timely decision-making and coordinated responses. By adopting these comprehensive traffic management strategies, transportation networks can maintain operational efficiency and safety, even during severe space weather events. Dynamic rerouting, adaptive signal control, and pre-established contingency plans are essential to ensure continued transportation operation and safety. For illustration, Figure 5 highlights these potential methods and recommendations for mitigating the effects of space weather on transportation systems from the perspectives of Key Measure two and Key Measure three.




人工智慧與機器學習
地磁擾動動態分析中的應用 (2)
全球地磁擾動預測模型實例

- 架構：GRU 時間序列摘要 + 球面諧波展開
- 功能：預測未來 30 分鐘內全球 dB/dt 分布
- 優勢：

- 計算快速（<1 秒）
- 高空間解析度
- 可整合太陽風即時觀測資料

台灣應用: 風險管理與決策支援
- GIC 熱區辨識：結合地磁與變電站地理資料建模
- 決策支援：建立 AI 驅動的預警與應變平台
- 韌性模擬：模擬極端地磁風暴對供電系統的影響
- 衛星與航空系統預防性調整
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4.1 Key Measure One [宇宙氣象監測預測]
Improving space weather forecast and monitoring systems is crucial for enhancing the resilience and safety of global technological infrastructure (ICAO, 2019). Specifically, space weather forecast centers play a crucial role in monitoring and predicting space weather events that can impact various technological systems on Earth. Accurate and timely forecasts can help mitigate the adverse effects of space weather on critical systems such as communication networks, navigation systems, power grids, and transportation networks (Smith et al., 2022). In Europe, the European Space Agency (ESA) leads efforts to monitor and forecast space weather. They employ sophisticated observational networks and advanced modeling tools to track solar wind patterns, CMEs, and geomagnetic storms, contributing to early warning systems (ESA, 2020). NOAA's Space Weather Prediction Center (SWPC) in the United States can provide real-time space weather alerts and forecasts. It utilizes data from space-based observatories, including those from the Solar Dynamics Observatory (SDO) and geostationary satellites (Bain et al., 2023). In Canada, the Canadian Space Weather Forecast Center (CSWFC) plays a pivotal role, leveraging the country's unique geomagnetic vantage points to study auroral and ionospheric phenomena (Marshall et al., 2020). Meanwhile, Russia's Institute of Terrestrial Magnetism, Ionosphere, and Radio Wave Propagation (IZMIRAN) conducts extensive research on space weather, focusing on high-latitude impacts and satellite navigation systems (Borchevkina et al., 2020). In addition, the Chinese Meridian Project (CMP), a key initiative funded and developed by the Chinese government, aims to comprehensively monitor the space environment through an extensive ground-based network (Wang et al., 2024). Currently, space weather advisory services are provided by four global centers: the Pan-European Consortium for Aviation Space Weather User Services (PECASUS), SWPC, the Australia-Canada-France-Japan (ACFJ) consortium, and the China-Russia (CRC) consortium (Sergeeva et al., 2023). These centers operate on a 2-week rotational basis, with one center on duty while the others serve as primary backup, secondary backup, and maintenance centers. By providing early warnings, these improved systems enable better preparedness and response strategies, reducing the risk of disruptions and economic losses.

4.2 Key Measure Two
Strengthening the resilience of critical systems such as communication, navigation, surveillance, signaling, and power grids is crucial in mitigating the adverse effects of space weather on transportation networks. This can be achieved through several measures. For communication systems, this involves incorporating redundancy and fail-safes to ensure continuous operation during space weather disturbances (Sabaliauskaite et al., 2024). Then, enhancing navigation systems, especially those reliant on GNSS, includes developing alternative positioning methods and improving the robustness of satellite infrastructure (Chen et al., 2023; Wang et al., 2023). For example, Ground Based Augmentation System (GBAS) can contribute to resilient aircraft navigation service (Zhu et al., 2024). Surveillance systems need to be fortified with advanced sensors and algorithms to maintain operational integrity (Chiocchio et al., 2020). Railway signal systems should be designed to withstand geomagnetic interferences (Pan et al., 2020). Lastly, power grids should be upgraded with protective technologies like geomagnetic shielding and adaptive control mechanisms to prevent disruptions caused by geomagnetically induced currents (Lopes et al., 2020). By implementing these comprehensive strategies, the transportation sector can better withstand the challenges posed by space weather events, ensuring safety and reliability.


4.3 Key Measure Three
Implementing targeted traffic management strategies can significantly enhance the resilience of transportation systems against space weather impacts. These strategies include developing dynamic rerouting protocols that adjust to real-time space weather data, ensuring that flights and vessels avoid affected areas. Advanced traffic control systems equipped with predictive analytics can optimize the flow of air, maritime, and ground traffic, reducing congestion and minimizing delays caused by disruptions (Sridhar et al., 2008). In aviation, this might involve preemptively adjusting flight paths and altitudes to minimize exposure to increased cosmic radiation and communication blackouts (Buzulukova & Tsurutani, 2022; Jones et al., 2005). For maritime and railways, strategic scheduling adjustments and the use of alternative routes can maintain service continuity (Ahuja et al., 2005). Additionally, integrating space weather alerts into traffic management systems allows for timely decision-making and coordinated responses. By adopting these comprehensive traffic management strategies, transportation networks can maintain operational efficiency and safety, even during severe space weather events. Dynamic rerouting, adaptive signal control, and pre-established contingency plans are essential to ensure continued transportation operation and safety. For illustration, Figure 5 highlights these potential methods and recommendations for mitigating the effects of space weather on transportation systems from the perspectives of Key Measure two and Key Measure three.




地磁擾動機器學習動態預測模型架構

- 宇宙氣象資料監測時序特徵轉換為隱藏狀態後透過門控循環單元
擷取輸入至全連接層，預測全球不同位置地磁擾動分佈

Upendran et al., 2022

太陽風資料編碼器

門控循環單元(GRU) 全連接層

加權整合

地磁擾動空間模式預測

球面地磁擾動預測器
2小時太陽風、行星磁場、太陽紫外
線通量時序資料特徵摘要編碼

隱藏向量層
萃取重要時間動態資訊

隱藏向量輸出
多層感知層(MLP)

球面諧波係數轉換
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Figure 1Open in figure viewerPowerPoint
Architecture of Deep leArninG Geomagnetic pErtuRbation. The model has three principle components—a time series summarizer, a coefficient generator, and a spherical harmonic constructor. The time series summarizer (Gated Recurrent Unit (GRU) cell) takes in the solar wind time series, and generates a summary hidden state. This is fed to a fully connected layer (FC Layer), which generates a vector of coefficients. These coefficients are contracted with the spherical harmonic basis to generate global forecast of perturbations.

3.3.2 Model Architecture
We use a Gated Recurrent Unit (GRU) cell (Cho et al., 2014) as a time series summarizer. A GRU cell is a variant of the Recurrent Neural Network (Rumelhart et al., 1985). The GRU cell has an internal memory in the form of a “hidden state,” which is updated as inputs are given to it. This update happens through a sequence of nonlinear projection and shift operations (see Cho et al., 2014, for details). Thus, the input time series is used to update the hidden state, encoding the information content of the input time series.
We feed in the T hours of the solar wind measurements to the cell, which are summarized into a “hidden state” of the cell. Note again that this length of the time series is fixed through the hyperparameter search described in Section 3.4. The hidden state vector has a size of 8 units. This state vector acts as a proxy for all the solar wind information needed for our forecast.
The hidden state is then fed into a fully connected layer, which transforms the hidden state to a vector of coefficients. The number of coefficients is determined by the largest mode we seek to forecast from the code.
Finally, the output from the fully connected layer is then contracted with the spherical harmonic basis, giving out the forecast of perturbation measurements at any required spatial location. This basis, which enforces our GRU hidden state to be the spherical harmonic coefficients, is called the Spherical harmonic basis layer. Since the basis functions are computed using their analytical form (and not learned through data), the basis layer is not trainable. The model architecture is summarized in Figure 1, while the layer sizes are provided in Table 1.




地磁擾動模式智慧預測準確評估
整體測試資料集 2011年風暴資料 2015年風暴資料
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- 模型預測與實際值趨勢一致，2011年的預測表現優於2015年
- 散點多集中在理想線下方，顯示模型可能低估地磁擾動

簡報者
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In Figure 2, we report the joint distributions of the forecast and the target δbH for the test set (panel a), 2011 storm set (panel b), and 2015 storm set (panel c). Since there are a large number of points, the number of points in each bin is shown using the color bar. Note that the number points (and hence the color) scale logarithmically. The black line shows a slope = 1 line. For a perfect forecast, all points should lie on this line—however, this is seldom the case. From Figure 2, we see that by and large the model predictions and targets are aligned to the slope = 1 line. Furthermore, the 2011 storm is better forecasted than the 2015 storm. However, note that we can also see that DAGGER also has a tendency to “under-forecast”, since there exist more points below the line slope = 1 than above.

Figure 2Open in figure viewerPowerPoint
The joint histogram of predictions v/s target SuperMag measurements for all points in the test set (panel a), 2011 storm set (panel b), and 2015 storm set (panel c). The colors depict the number of points in each bin of the joint histogram.




模型預測影響因素分析

預測準確度影響因素

因素一、觀測資料條件與分佈

地磁擾動模型在不同測站的預測表現
Upendran et al., 2022
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因素二、模型預測能力限制

因素三、太陽風輸入資料的影響

輸入太陽風資料若不完整或
噪訊變化劇烈將影響模型穩定

性與預測精度

模型能掌握趨勢，但對高幅度
擾動預測能力有限，誤差偏大

高擾動測站數值變異大
模型難以準確預測極端觀測值
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Figure 5 2015 storm
The IMF Bz (panel a), Sym-H (panel b) and top three best (panels c, e, g) and worst (panels d, f, h) performing stations for the 2011 storm. The blue color indicates forecast from Deep leArninG Geomagnetic pErtuRbation (DAGGER), while the black color indicates measurements at different stations (in the legend of each figure), with the Mean Absolute Error (MAE) reported on top.


預測準確與不準確原因 [資料完整性 資料是否有偏離值 太陽風資料]
From Figure 3, we see that the dichotomy between the best and worst performing forecast is quite stark. First, we clearly see that the forecasts deemed “best” (left column) correspond to stations where the measurements are ≤250 nT. Second, DAGGER is able to clearly pick out the different peaks and troughs of the forecast—especially for the stations with the lowest MAE (panel. c). Third, the perturbation forecast and measurement values are of similar magnitudes, and in many cases match well for the stations that show the lowest errors. On the other hand, prima facie it looks like DAGGER is unable to forecast anything at all for the stations with large MAE. Clearly, the largest perturbation measurements from these stations are ≈6× the largest perturbations for the stations showing low MAE. Since some salient variations seem to be captured by DAGGER (see panels f and h), we define different Y-axes for the forecast and measurement, to probe how good (or bad) DAGGER forecasts for these stations in Figure 4.
From Figure 4, two inferences may be made. First, DAGGER is able to forecast the variation of perturbation over time even for stations which have a large associated MAE. And second, DAGGER underpredicts the large perturbation values, which hence gives rise to a large MAE. Thus, a purely DL framework is able to assimilate the solar wind measurements and generate salient associations with the magnetic field perturbations. The exact scale of perturbations is however missed for the stations with large associated MAE.
These results are also clearly seen in Figure 5 for the 2015 storm data set. The stations having low MAE typically have a max perturbation of ≈300 nT, while the stations with the largest MAE are ≈6× larger. One interesting result to be noticed for the stations with the lowest MAE for this storm is the mismatch between forecast and measurement is larger for the 2015 storm than in the 2011 storm case (compare panels c, e, and g between Figures 3 and 5). This is also consistent with larger spread in the joint histograms in Figure 2c. To see if this is also observed for the stations with large MAE, we check the forecast and measurements on different Y-axis scales in Figure 6.




地磁風暴時間-空間動態預測視圖
地面測站擾動量測值 模型30分鐘擾動預測

Upendran et al., 2022

地磁擾動強度

弱 強

- 以北極為中心地磁擾動空間分佈圖
- 模型可提供30分鐘前時間-空間連續性動態地磁擾動分佈預測
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In Figure 7 and 8, we show the maps for δbH (forecast in the bottom row, perturbations in the top) in the MLT-MCOLAT grid, with the center being the North Pole. This is done for three cases—this time, for the time step with minimum, mean, and maximum MAE across all stations. From these plots, we clearly see that our model provides a dynamic map of the perturbations, at a cadence of 1 min. Furthermore, it also shows how underprediction gives rise to the larger MAEs. Thus, such perturbation maps for δbn, δbe and δbH, changing dynamically over time scale of ≈1 min are made available across the two storm times as video files in the online version of the paper.
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地磁風暴健康效應



太陽與地磁擾動對呼吸健康的影響

- 太陽與地磁活動可能透過干擾晝夜節律與褪黑激素分泌，誘發發
炎與氧化壓力，影響肺部健康。亦可能加劇空氣污染影響，與懸
浮微粒交互作用，影響肺功能

Anand et al., 2022
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Solar and Geomagnetic Activity (SGA) has been associated with disruption of 24-h circadian rhythm (Riganello et al., 2019), autonomic nervous system imbalance (McCraty et al., 2017), and reduced secretion of melatonin (Burch et al., 1999). Disruption of 24-h circadian rhythm results in higher immune and inflammatory responses, which appears to promote the development and exacerbation of pulmonary diseases (Aquino-Santos et al., 2020; Sundar et al., 2015). Reduced secretion of melatonin, a free-radical scavenger, is associated with greater measures of oxidative stress, which has been implicated as a cause of cell damage and inflammation in the lungs(Bargagli et al., 2009). Similarly, particulate air pollution appears to also promote oxidative stress and inflammation that has the potential to promote lung diseases and reduce lung function (Gangwar et al., 2020; Lodovici and Bigagli, 2011). Moreover, a recent study found a significant association between solar activity and increased ambient ultrafine particle concentrations, suggesting a direct link between solar activity and higher levels of ambient air pollution (Zilli Vieira and Koutrakis, 2021). Therefore, due to joint effects related to inflammation, oxidative stress, and modulation of the physiochemical properties of atmospheric aerosols, we hypothesize interactions between periods of increased solar activity and air pollution is associated with heightened adverse pulmonary effect.
The adverse effects of short- and long-term exposure to particle matter ≤10 and ≤2.5 μm (PM10 and PM2.5, respectively) and black carbon (BC) on pulmonary function has been well documented (C.-H. Chen et al., 2019; Int Panis et al., 2017; Rice et al., 2013). However, there is a paucity of epidemiological evidence on the influence of solar activity and GMD. Our objective was to investigate the association of pulmonary function [forced expiratory volume at 1 s – (FEV1) and forced vital capacity (FVC), and FEV1/FVC] with SGA, and to test whether SGA enhances the adverse effects of particulate air pollution on the outcome of interest.





太陽活動週期與環境因素相關性

- 太陽與地磁活動呈週期性波動，與黑碳、太陽磁場強度等因子共
同影響 PM2.5 濃度，顯示其潛在環境健康相關性
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There were 726 individuals with 2075 observations between 2000 and 2017.

Fig. 1. Variations of solar and geomagnetic activity parameters over the study period.
Note: IMF is measured in nT (nano tesla), Kp Index is dimensionless and sunspot number is measured in number (#).
Footnote: IMF (interplanetary magnetic field); Kp Index (planetary K index).
The variations in solar and geomagnetic activity over the study period are shown in Fig. 1. The figure illustrates daily variation of the parameters on the day of pulmonary function testing, as well as their magnitude over the solar cycle. The study captured two solar maximum and one solar minimum.




太陽活動地磁風暴對肺功能影響趨勢

太陽與地磁活動與 FEV₁與 FVC 下降相關，
顯示其可能對肺容量造成負面影響，且影響隨暴露時間延長而加劇

Anand et al., 2022
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Fig. 2. Association of exposure to solar and geomagnetic activity with forced vital capacity (FVC) and forced expiratory volume at 1 s (FEV1).
Note: Linear mixed effects models adjusted for age, height, race, selected medication, lifestyle factors (smoking, alcohol), day of the week, seasonality, and medical comorbidities, ambient temperature (°C) and relative humidity (%) on the day of pulmonary function measurement (day 0) were used to estimate the associations (n = 2075). Moving averages calculated starting on day 1 through day 28.
Footnote: IMF: Interplanetary Magnetic Field; Kp: Planetary K Index; SSN: Sunspot Number.

3.1. Solar and geomagnetic activity and pulmonary function
In our primary models, we found negative associations between 0 to 28 day moving average of all SGA parameters and FVC, FEV1 and positive associations with FEV1/FVC, after adjusting for potential confounders. Other than the association between Kp index and FEV1, the effects were significant, with a greater decrement in FVC (Table S2 and Fig. 2) and FEV1 (Table S1 and Fig. 2) with longer moving averages. For an increase in interquartile range of SSN, Kp index, and IMF, for a 28 day moving average (the longest moving average assessed), the decrease in FVC was −173.7 ml (95 % CI: −204.9, −142.6), −26.8 ml (95 % CI: −48, −5.7), and −90.3 ml (95 % CI: −119.5, −61), respectively, and decrease in FEV1 was −116.1 ml (95 % CI: −142.1, −91), −5.2 ml (95 % CI: −21.7, 11.4), and -46.3 ml (95 % CI:-69.8, −22.8). 




太陽與地磁活動對肺功能之影響趨勢

- 太陽與地磁活動上升與 FEV₁/FVC 比值略微上升有關
- 顯示其對肺功能不同面向可能產生複雜而非單一方向的效應
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Fig. 3. Association of exposure to solar and geomagnetic activity with FEV1/FVC.
Note: Linear mixed effects models adjusted for age, race, selected medication, lifestyle factors (smoking, alcohol), day of the week, seasonality, and medical comorbidities, ambient temperature (°C) and relative humidity (%) on the day of pulmonary function measurement (day 0) were used to estimate the associations (n = 2075). Moving averages calculated starting on day 1 through day 28.
Footnote: IMF: Interplanetary Magnetic Field; Kp: Planetary K Index; SSN: Sunspot Number; FVC: forced vital capacity;FEV1 forced expiratory volume at 1 s.
The IQRs for solar and geomagnetic activity variables are given in Supplementary Material Table S11. The figure is based on the values from Table S3 in Supplementary material. Error bars represent the 95 % confidence intervals.

We also observed that an increase in SGA was associated with a slight increase in FEV1/FVC ratio (Table S3, Fig. 3). For an increase in interquartile range of SSN, Kp index, and IMF, for a 28 day moving average, the increase in FEV1/FVC was 0.4 % (95 % CI: −0.1, 0.8), 0.3 % (95 % CI:0,0.6), and 0.4 % (95 % CI: 0,0.8), respectively.




太空天氣與空污交互效應影響肺功能

- 研究顯示太陽與地磁活動可能增強空氣污染對 FVC 與 FEV₁的負
面影響，且累積暴露越久，肺功能下降越明顯
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Fig. 4. Association of exposure to PM2.5 with forced vital capacity (FVC) and forced expiratory volume at 1 s (FEV1) at high (90th percentile) and low (10th percentile) solar and geomagnetic activity periods.
Note: Linear mixed effects models adjusted for age, height, race, selected medication, lifestyle factors (smoking, alcohol), day of the week, seasonality, and medical comorbidities, ambient temperature and relative humidity on the day of pulmonary function measurement (day 0) were used to estimate the association between exposure to PM2.5 and pulmonary function at 10th and 90th percentile of solar and geomagnetic activity parameters (n = 2075). Moving averages calculated starting on day 1 through day 28. Error bars represent the 95 % confidence intervals.
Footnote: PM2.5 (particulate matter <2.5 μm in aerodynamic diameter); IMF (interplanetary magnetic field); Kp Index (planetary K index); SSN (sunspot number).
Asterisks indicate the p-value for interaction term between air pollutant and solar activity parameters with “*” for significant at <0.05 level.

主題：�PM2.5 暴露對肺功能（FEV1 與 FVC）平均變化量之影響，分別於**高活動期（第90百分位）與低活動期（第10百分位）**下觀察。
🧪 模型與變項調整：
使用線性混合效果模型（linear mixed effects models）並控制以下干擾因子：
年齡、身高、種族
吸菸與飲酒等生活習慣
星期幾、季節性變化、共病狀態
當日氣溫與相對濕度
📉 主要發現摘要：
1. 肺功能變化趨勢
FEV1（上圖）與 FVC（下圖）皆呈負向變化，即 PM2.5 暴露增加與肺功能下降有關。
此負向關聯在高太空天氣活動（橘色線）下更為顯著，顯示環境壓力條件可能增強污染物的影響。
2. 太陽與地磁活動差異
左到右依序為：IMF（行星間磁場）、Kp 指數（全球地磁活動指標）、SSN（太陽黑子數）
在 IMF 和 SSN 條件下，高活動期的PM2.5效應較低活動期更明顯，許多時間點達統計顯著（*號）

3.2. Effects of solar and geomagnetic activity on association of particulate air pollution with pulmonary function
we found significant negative associations between PM2.5 and BC with of FEV1 and FVC (Supplementary Material Table S4), with a greater effect on FVC. We noted associations with moving averages through day 28 of PM2.5 and BC, with greater adverse effects for longer moving averages. We did not find consistent significant associations between air pollutants and FEV1/FVC (Table S4). We observed significant modification of the effects of particulate pollution on FVC and FEV1 for all SGA parameters across different moving averages, except for the combination of BC and SSN (Supplementary Material Table S5-10). We observed that the interaction between particulate pollution and SGA was associated with a significantly greater decrease in FVC and FEV1 at higher levels of SGA (Fig. 4, Fig. 5).

The effect estimates tended to be associated with larger decrements in pulmonary function with an increase in cumulative exposure. An IQR (4.55 μg/m3) increase in average exposure 28 days prior to examination to 
PM2.5 during low IMF (10th percentile: 3.2 nT) over the same time period was associated with a −21.4 ml (95 % CI: −60.8, 18.1) and −7.1 ml (95 % CI:-37.7, 23·4) decrease in FVC and FEV1, respectively, whereas an equivalent increase in PM2.5 during high IMF (90th percentile: 9.0 nT) was significantly (p < 0·001) associated with a −120.7 ml (95 % CI:-166.5, −74.9) and −78.6 ml (95 % CI: −114.3, −42·8) decrease in FVC and FEV1. Kp Index and SSN also appeared to modify effects of air pollution exposure on FVC and FEV1






太陽與地磁活動加劇黑碳粒子健康危害

- 太陽與地磁活動較強時，黑碳對肺功能的負面影響顯著加劇，
- 太空天氣可能擴大空氣污染的不良健康效應

Anand et al., 2022
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Fig. 5. Association of exposure to black carbon (BC) with forced vital capacity (FVC) and forced expiratory volume at 1 s (FEV1) at high (90th percentile) and low (10th percentile) solar and geomagnetic activity periods.
Note: Linear mixed effects models adjusted for age, height, race, selected medication, lifestyle factors (smoking, alcohol), day of the week, seasonality, and medical comorbidities, ambient temperature and relative humidity on the day of pulmonary function measurement (day 0) were used to estimate the association between exposure to black carbon and pulmonary function at 10th and 90th percentile of solar and geomagnetic activity parameters (n = 2075). Moving averages calculated starting on day 1 through day 28. Error bars represent the 95 % confidence intervals.
Footnote: BC (black carbon); IMF (interplanetary magnetic field); Kp Index (planetary K index); SSN (sunspot number).
Asterisks indicate the p-value for interaction term between air pollutant and solar activity parameters with “*” for significant at <0.05 level. 

The magnitude of effect modification is shown as the difference in effect estimates between the 10th and 90th percentile values of SGA parameters (green and orange bars in the figure). We noted significantly greater decrements in FVC and FEV1 during periods of increased activity (90th percentile), while smaller decrements that were not statistically significant were observed during periods of decreased activity (10th percentile). 




地磁風暴-空污作用增加肺疾風險
Anand et al., 2022

太陽輻射可擾亂生理節律
並降低褪黑激素分泌，導
致自律神經失調與氧化壓
力上升，促進肺發炎與細
胞損傷，進而影響肺功能

空污造成發炎與氣道重塑；
若褪黑激素因太陽活動而
降低，可能加劇空污傷害。
太陽活動亦可能改變空氣
中污染物的性質與毒性，
強化肺功能受損反應

影響生理時鐘與氧化壓力 加重肺部危害

共同加劇肺功能
受損與健康風險
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左
Solar radiation regulates the circadian rhythm through suprachiasmatic nucleus (SCN) located in the hypothalamus (central clock) (Reppert and Weaver, 2001). Studies suggest disruption of circadian rhythm and dysregulation of autonomic nervous system could result in higher immune and inflammatory responses, as well as cell damage, which may be finally leading to impairment of lung function and development of lung diseases (Aquino-Santos et al., 2020; Benedusi et al., 2021; Comas et al., 2017; Sundar et al., 2015). Reduced secretion of melatonin, a hormone secreted by pineal gland that regulates the sleep wake cycle and circadian rhythm, has also been linked to solar activity (Burch et al., 1999). Melatonin has shown ability to scavenge free radicals which protects against the effects of harmful radiations (Goswami and Haldar, 2015). Reduced melatonin may increase the oxidative stress increasing pulmonary inflammation and damaged lung cells (Bargagli et al., 2009).


右
Mechanistic studies explaining the association between particulate air pollution and reduced pulmonary function suggest that exposure can promote small airway remodelling, pulmonary inflammation, cellular changes in immune function, ANS imbalance (Gangwar et al., 2020; Lodovici and Bigagli, 2011; Thurston et al., 2020). These mechanisms suggest that it is biologically plausible that particulate air pollution might be synergistically contributing towards decreased lung function during periods of increased solar activity. Melatonin has been known to mitigate the pathophysiologic responses to air pollution(Carvalho-Sousa et al., 2020; He, 2020; He et al., 2018, He et al., 2021); however, it is possible that a reduction in melatonin linked to solar activity can leave individuals more susceptible to the effects of air pollution. Increased ROS generation due to either of the exposures might eventually exacerbates the body's response to the other. Although the correlation between solar activity with PM2.5 and BC was weak in this study, solar activity also interacts chemically with environmental factors such as air pollution in the atmosphere, which leads to formation of secondary pollutants and aerosols. Discrepancies in the electrical gradient in the atmosphere during periods of intense solar activity can ionize air pollutants and alter the physical and chemical properties (e.g., nature, composition, and toxicity) (Madronich and Flocke, 1999; Mironova et al., 2011; Rycroft et al., 2000). Solar activity has been known to enhance ultrafine particles (Zilli Vieira and Koutrakis, 2021). Therefore, the results corroborate our research hypothesis, which suggests a mechanistic overlap in biology and atmospheric chemistry in the reduction of pulmonary function linked to interactions between solar activity and air pollution.




地磁擾動對肺部功能的AI應用分析
潛在生理機轉

- 自律神經調節失衡 → 支氣管收縮、肺容積下降
- 氧化壓力上升 → 氣道發炎、肺氣交換效率下降
- 大氣電場變化 → 氣膠再分布影響PM2.5吸入量

- 對氣喘、COPD、高齡者具加重風險

AI模型建議與肺功能資料應用
輸入資料

肺功能測試(FEV₁, FVC, FEV₁/FVC)、

空污、氣象、Kp地磁延遲變數

模型選擇
LSTM(時間序列預測)、XGBoost(分類惡化風險)、

Transformer(跨模態資料融合)



案例分析：COPD患者肺功能預測

目的: 預測地磁風暴期間 COPD 肺功能下降風險
資料整合：

- 健保 COPD 門診肺功能紀錄
- NOAA地磁資料 + 空污 + 氣象
- 人口學與吸菸史

模型
XGBoost + LSTM

高風險指標
- Kp ≥ 6（延遲2-3天）

- PM2.5 > 40μg/m³
- 高齡、女性、低BMI COPD患者



個案模擬與臨床應用建議

模擬患者
74歲男, 重度吸菸→ 

FEV₁/FVC下降8%，預測風險 83%

建議
- 風暴預測期提前預警

- 調整吸入劑與生活建議

- 穿戴式肺量計即時監控

- 跨部門資料聯防模型建構
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