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摘要 

區塊鏈是跨領域技術的整合，涵蓋資訊安全、密碼學、經濟模型及算

法算力，其中最重要的創新在於共識演算法的突破，使其被稱為「信任機

器」(Trust Machine)。區塊鏈的特色，包括「去中心化」、「匿名性」、「不

可竄改性」、「可追蹤性」以及「加密安全性」。基於上述特性，區塊鏈能

夠解決的問題包括：第一、在各方互不相識的情況下建立信任機制；第二、

改善中心化導致的成本過高；第三、使資訊真實透明可追溯，同時保護客

戶的隱私；第四、依時間順序紀錄資料。我國金融業因應區塊鏈技術興起

可考慮下列商業模式：第一、聯合其他同業組建/加入區塊鏈聯盟；第二、

結合金融科技公司，發展核心業務的區塊鏈應用；第三、銀行內部自行推

動局部領域的應用，實施試驗計畫；第四、銀行成立創客基地，聚焦在金

融科技創新與區塊鏈的發展。導入區塊鏈應用技術不必拘泥於任何一種策

略，甚至可同時進行。第五、發展區塊鏈技術應用於電子支付及行動支付，

實現數位經濟的發展。 
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第一章 緒論 

第一節 研究背景 

近來科技金融(FinTech)以燎原之勢急速發展，且發展面向甚廣，一般

對於科技金融囊括的面向與分類可參見下圖。 

 

根據 KPMG《FinTech100》報告的分類，科技金融包括我國金融業者

熟悉的借貸業務、支付業務，此兩者的創新近年都已獲得長足的進步。另

外，比特幣/區塊鏈亦列名其中。事實上，新興的區塊鏈(Blockchain)技術，

受重視的程度日益增加，已吸引全球政府機關與金融業巨擘相繼投入研究。

目前區塊鏈技術在西方國家研發可謂如火如荼，光是投資到新創公司的資

金就超過 10 億美金，是 1990 年代中期對網際網路新創投資的四倍金額。

華爾街日報曾表示，虛擬貨幣是金融領域五百年來最偉大的創新之一。達

沃斯世界經濟論壇則認為，直至 2027 年，全球將有十分之一 GDP 透過虛

擬貨幣科技儲存。前美國聯準會主席柏南克公開肯定比特幣「具有長期前

景」。 

IDC發佈對2017年台灣十大資訊科技市場預測。在產品應用愈趨多元，

產業發展愈趨競爭的態勢下，創新與轉型已是目前企業發展的重心，連帶
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帶動數位經濟的推升，企業正透過新的數位科技進行轉型，新的商業型態

正在興起。未來三年我們將會看到數位轉型進入新的規模，數位經濟將擴

張成為宏觀經濟的一部分。在未來數位轉型的趨勢下，企業必須建立新的

策略發展構面與新的 KPI 來因應轉型的需求，IT 領導力將在其中扮演重要

角色。IDC 發佈 2017 年台灣十大資訊科技市場預測如下： 

(一)平台經濟崛起，台灣將朝複合式/新型態經營模式發展 

從 Google、Amazon、Facebook..到 Uber，Airbnb 等不具備實體資產卻

能透過創新服務模式創造產業新經濟模式的平台經濟正逐步崛起，帶動全

球經濟能量蓬勃發展。IDC 發現隨著產業競爭越來越激烈，平台業者開始

著重在創造新的核心經營價值。現今的平台業者正打破傳統思維，逐步由

消費者為中心轉變為重視整體平台經濟的生態系統，並能應用數位科技，

以最快的速度搶佔市場規模並制訂平台規範。但以台灣的市場規模及型態，

較難複製全球單一平台的經營模式。未來能勝出的將是朝多種平台相互運

用並透過不同排列組合的經營模式，此類模式才能最大發揮一加一大於二

的效果。預期台灣平台經濟將朝複合式經營與規劃方向前進，2017 年將是

台灣平台經濟的新契機。 

(二)認知時代來臨，人工智慧應用起飛 

隨著科技的日新月異，人工智慧技術逐步從研究領域進入商業領域。

過去一年，除有不少新創公司透過人工智慧等認知軟體優化產品服務與突

顯差異化競爭能力，也有不少企業導入智慧助理、自然語言辨識、生物辨

識與機器學習等人工智慧技術優化客戶服務流程與提升客戶體驗，包括金

融、證券、專業服務與娛樂等產業都已發展出相關應用。IDC 預估市場對

人工智慧技術的需求將持續看漲，尤其是在結合聊天機器人與自然語言辨

識等人工智慧技術的智慧助理服務、強調視覺化呈現的人機介面、內嵌人

工智慧技術的智慧應用服務、以及生物辨識等應用將是未來一年發展上的

亮點。此外 IDC 預測隨著市場對人工智慧應用的高度關注與需求，將使得
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台灣認知軟體市場規模將呈現倍數增長，預計市場規模將從 2015 年的 221

萬美金增長到 2020 年的 686 萬美金，年複合增長率將達 33%。 

(三)區塊鏈推動創新 ，重新定義市場 

在比特幣以及數位貨幣發展後，區塊鏈技術的發展及價值已經逐漸被

市場關注及重視。區塊鏈具有開放、去中心化的特性，任何人都可以在上

面創造新的服務和應用，對於未來產業創新將扮演一定角色，加上其導入

信任機制，使具有高度安全性，IDC 認為區塊鏈將有機會重新定義未來市

場運作模式並建構新一代資訊架構。區塊鏈目前已經從金融領域逐步向其

他產業延伸，包含數位交易、智慧合約、產銷履歷、資產管理等。台灣在

區塊鏈發展上，已有銀行業在金融科技(Fintech)有相關專案的應用及推動，

預計未來在 Fintech 外，包括生產履歷、健康記錄、房仲交易、薪資支付

等非密集交易等業務上，都將逐步發酵。 

(四)數位市場(Digital Marketplace)帶來全新行銷模式與消費者體驗 

擴增實境(Augmented Reality)、虛擬實境(Virtual Reality)、混合實境(Mix 

Reality)等技術在過去一年的發展下，已具備技術形貌。IDC 認為未來這類

技術將更快速地導入企業經營核心，並開始轉變企業產品行銷與廣告經營

手法。面向消費者為主的行業將首先開始發酵，越來越多以擴增實境/虛擬

實境為主的技術將納入企業數位行銷的策略中，此情況將激發更為積極與

生動的數位遊戲化行銷模式，並創造出高黏著度的消費者體驗。IDC 預估

在 2017 年，台灣 30%以消費性商品為主的大型企業，將透過擴增實境或

虛擬實境等技術推出全新行銷手法。行業也從零售型的消費性產品，涵蓋

到觀光旅遊、娛樂、文化藝術、室內裝潢設計、房屋仲介等數位商務與服

務。這種多元化的數位型態行銷介面，預期能幫助與增強企業與使用者的

溝通，也將為消費者帶來全新的購買體驗，而與之相關對應的 IT 設計與解

決方案生態系也會從 2017 年陸續衍生擴張。 
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(五)數位生態催生新一代資安架構 

隨著行動化、雲端、Fintech 以及物聯網的應用，新的數位生態因應而

生，資安需求也隨著開始變化。尤其做為控管資訊安全的第一道防線「身

分與授權管理」(Identity and Access Management，IAM)更顯重要。由於身

分與權限管理已打破原有網路邊界，且防護的範圍已從網路、數據到 APPs；

因此企業需要強大的權限控管與身份管理以確保資訊安全。IDC 預測生物

辨識的導入以作為身份認證、線上交易以及行動支付的重要把關條件將愈

形重要。預期 2017 年台灣將有 20%的線上交易會透過生物辨識進行交易。

而隨著數位生態的出現所導致越來越多的資安漏洞及事件，已使得企業將

資安升級至戰略性的角色。IDC 調查發現台灣超過 26%(亞太地區：14%)

的 CIO 認為資安與企業競爭力高度相關；尤其現今資安攻擊漸趨於集團性，

且大部分的病毒已無法由特徵碼阻擋；企業在面對未知的病毒攻擊下，大

幅的資安設備投資以及人才的培養已成為企業面臨的挑戰。 

IDC 預測企業仰賴資安服務廠商的程度將愈形加重。而為因應企業需

求的轉變，IDC 認為系統整合廠商將更積極的提供更多元的資安服務；資

安原廠間將有更多併購及合作，電信業者亦會結合原有網路設備資源，擴

大資安解決方案能量，使得資安服務市場形成新的競爭態勢。IDC 預期

2017 年台灣資安服務仍保有成長動能，2017 年成長將達 17%。 

(六)Cloud 2.0：混合雲成為企業數位轉型發展核心 

隨數位化時代來臨，企業的營運流程必須更加彈性、靈活與快速的反

應市場變化，而雲端及資料中心應用將成為企業轉型的重要支撐。IDC 預

測國際大廠將透過雲端及資料中心應用服務積極進行混和雲的策略佈建，

在協助企業能夠擁抱現代化雲端設備的同時，也不會犧牲企業本身的安全

與管控能力。而對於大型企業而言，混和雲具有因應突發狀況(bursting)與

災難備援(disaster recovery)的優點，對中小企業來說，混和雲提供更具成

本之效益，未來企業對混和雲的運用更為積極。IDC 預估 2017 年將有超
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過 55%的台灣企業規畫將進行混和雲(Hybrid Cloud)相關佈署。 

(七)聚合型資訊架構將成企業數位轉型重要基礎 

隨者新技術與新商務模式不斷浮現，企業對資訊架構在速度(Speed)，

敏捷(agile)，彈性擴張…等需求愈來越高，以期能符合企業對於發展創新

服務的需求。另一方面，台灣公有雲(Public IaaS)市場已達 78.28 萬美元，

2016 年上半年更較去年同期增長達 55.8%，顯示資料中心運用虛擬化技術

提供企業資訊服務已成普遍趨勢。IDC 預估虛擬化技術後的資訊環境更形

複雜，對企業資料中心維運帶來更多挑戰，包括不易維護更新、不易偵測

系統錯誤、效能瓶頸，不易規劃資源提升計畫，及系統規格效能縮放不夠

即時等。為了滿足企業數位轉型需求，且能協助企業面對虛擬化後的挑戰，

IDC 認為未來聚合系統、超聚合系統等將對企業基礎架構系統帶來最大效

益，IDC 預估 2017 年超規模級資料中心(hyperscale datacenter)將加速採行

聚合資訊技術以提升雲端服務水準(service level)，進而幫助企業邁向數位

轉型。 

(八)3D 列印技術開始扮演企業數位轉型推手角色 

隨著 3D 列印的技術日趨成熟，其應用市場也發活絡，全球各國政府

在推動數位轉型之下提出預算投資 3D 列印以不落人後。3D 列印技術之所

以為各國所關注，在於其間接促成了敏捷式創新與民主化設計兩大數位轉

型核心之綜效。不僅可以為企業縮短開發時程加速新品上市先機，也讓消

費者能夠藉由 3D 列印技術參與企業產品開發，讓企業能跨界尋求更接近

使用者的產品觀點，減少市場測試風險且增加市場反饋彈性。IDC 預期在

教育市場外，台灣 3D 列印應用將因數位轉型需求逐步擴散至消費品市場

(commodity) 、製造業及醫療產業。除了因數位轉型需求帶來的改變外，

3D印表機市競爭態勢也正在改變。除了原有的 3D印表機生產製造廠商外，

2D 印表機廠商也開始滲透，虎視眈眈的還有材料與服務供應商。在技術

需求大增與供給多元化的刺激下，IDC 預期台灣 3D 列印市場 2017 年將有
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三成的成長，全年產值將突破 3,000 萬美元。 

(九)數位轉型需求驅動電信業朝 SD-WAN，UCaaS 以及 OTT 發展 

為因應長期面臨數據營收成長幅度無法彌補語音營收下滑速度的窘境，

以及越來越強烈的數位轉型需求，台灣電信業者在網路建置和服務內容的

交付上已經開始規劃或導入新的技術。IDC 認為為加速數位轉型，電信業

者將積極發展三項業務：SD-WAN、UCaaS 和 OTT Video。在降低營運成

本和增強網路管控品質等因素的考量下，IDC 觀察一般企業內部網路的建

置將會從傳統 MPLS 或 Lease Line 的架構轉向 SD-WAN。其次，傳統企業

的整合通訊 UC 的佈建型態也開始產生變化。IDC 預期 2017 年有 30%的企

業會導入以雲平台做為基礎的 UCaaS，以降低資本支出和達成快速佈建

UC 的要求。另外，OTT 服務模式的出現讓原有提供付費收視服務的供應

商如電信公司或有線電視業者開始著手進行改善遞送服務內容的方式，採

用雲平台架構達成終端用戶 TV Everywhere 的目標。預測這三種新技術或

應用於 2017 年將為電信業者最積極耕耘的新市場。 

(十)機器人串聯智慧網路，成為智慧家庭發展要角 

過去所看到的機器人應用多以工業為主，但近年來可以看到機器人的

應用不再局限於工廠的機械手臂，越來越多的商業用途機器人運用在銀行

業和零售業，消費機器人也逐步出現。IDC 觀察到廠商投入以消費市場為

客群的家庭服務機器人的腳步越來越積極，此類家用陪伴型機器人除有影

音互動、教育娛樂功能外，同時具備意外警示回傳，部分更可進一步做到

智慧連網，自動遙控家電，成為家庭控管的中樞。IDC 認為 2017 年家用

服務機器人仍會以陪伴娛樂為主要功能，預期在 2020 年智慧家庭建置趨

於成熟，家用陪伴機器人的功能性將更多元化且更顯其重要性。 

另外 2016 年 8 月份世界經濟論壇（World Economy Forum）的調查報

告指出，下一代的金融服務基礎架構，將由區塊鏈提供關鍵技術，報告並
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預測 2017 年全球會有 80%的銀行機構初步運行分散式帳本，而全球已經

有 14 億美元的資金投入到區塊鏈新創之中，未來比起 1990 年代網際網路

的投資熱度，區塊鏈將更為超越。調查報告指出，分散式帳本將會出現各

種方式的延伸應用，而且因為結合不同科技，它的效益也越來越多元。WEF

調查報告亦指出，區塊鏈將於 2027 年前大幅成長，屆時全球將有十分之

一的 GDP 是來自於區塊鏈技術與協議所進行的商業活動。現今互聯網經

由網絡與中心化平台，已造就出各種社會經濟的新型態商業模式，並為社

會經濟創造出高效率與新機會（如 Amazon、Uber、Airbnb 等）。而未來

區塊鏈此新興的去中心化技術，將取代需要第三方實體或虛擬機構為交易

平台以提供信任的商業模式，將互聯網引領至更高層次去中心化的價值互

聯網境界。 

而資誠（PwC）最新發布 2016 年全球金融科技調查報告（Global FinTech 

Report 2016），認為對新進的金融科技業者來說，去中心化、降低成本、

顧客忠誠度及差異化是金融業最重要的 Fintech 創新概念，且特別針對區

塊鏈技術（Blockchain）進行調查，並認為區塊鏈金融將創造金融業的經

營模式創新。PwC 調查報告一共調查了來自 45 個國家的 544 位金融業及

金融科技業的高階主管，其中有 3 成為銀行業者，財富管理業者、金融科

技業者也各占 2 成，其餘包含保險、轉帳及支付服務等領域業者。23％受

訪對象為企業 CEO，21％為 IT、技術及各部門主管，14％財務長、營運長，

策略長、創新長各占 7％。金融業者普遍認為，在未來 5 年之內，超過 6

成的消費者將透過行動裝置來取得金融服務，且每個月至少使用一次。而

新進的金融科技業者。將補足過去金融業者無法提供、滿足的消費者需求

缺口，並從這些領域切入金融服務市場。 

根據 PwC 最新調查報告結果顯示，有 75％金融業者認為，金融科技

帶來的最大轉變，是所有的金融服務與產品，都將更聚焦在顧客身上。有

趣的是，高達 8 成金融科技公司認為自己是以顧客為核心的組織，但是只

有53％的傳統金融機構認為自己以顧客為中心。對於Fintech帶來的價值，
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金融業者認為 Fintech 可以明顯降低金融服務的成本，同時提高服務的效

率及品質，根據調查結果，73％金融業者認為金融科技可降低成本，62％

認為可提供差異化服務，58％認為可提升客戶忠誠度，這 3 項是目前金融

業者認為金融科技的最主要核心價值與機會點，而去中心化則是金融科技

業者的創新思維。除此之外，全球高達 83％金融機構都擔憂業務將被金融

科技公司搶走，包括消費者金融服務、轉帳及支付服務，也有多數資產管

理及保險業者也都認為受到很大的影響。其中銀行業、支付業認為 5 年之

內，將會有近 28％業務將遭到衝擊，保險業、資產與財富管理業則認為將

有 22％的業務受衝擊。主要對金融業者帶來的衝擊包括營業利潤（67%）、

失去市場占有率（59％）、資訊安全／網路隱私（56%）、以及顧客流失率

的增加（53%）。 

目前有 67%的金融業者認為應充分利用這個金融科技的生態圈，開始

布局金融科技，32％建立合作關係，15％開始培育金融科技，22％購買其

服務，也有 9％已經併購金融科技公司。而傳統金融業者若和金融科技業

者合作，也將面臨不少的挑戰，首先，傳統金融業者認為 IT 系統安全性為

最大的挑戰，金融科技業者則認為管理體系和文化差異是一大挑戰，除此

之外，法規的不確定性是兩方都極為在意的因素之一，分別有近 5 成（49

％）的金融業者及 43％金融科技業者認為這是一大挑戰，其他問題包括商

業模式與營運流程的差異等。 

過去企業內部採用ERP企業資源管理軟體，來傳遞並共享資料與邏輯，

讓企業內部的商業流程最佳化，而區塊鏈技術將是能促成下一階段商業流

程最佳化大幅躍升的技術，區塊鏈技術能促使整個產業之間的商業流程更

進一步達到最佳化，讓不同的或是彼此相互競爭的企業之間傳遞、共享資

料。建構區塊鏈技術整合、加密技術及模型，目的是在不需第三方機構協

助驗證與對帳的條件之下，維護一套由多個參與者所組成網絡關係的資料

庫，簡單來說，便是一個安全的分散式帳本。儘管區塊鏈技術本身目前看

起來極為可信，但依舊存在不少挑戰與障礙待突破，此外，若能真正深入
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了解區塊鏈技術並進行商業應用，得跨各領域進行知識互通，而這也將帶

來許多未知及潛在的應用可能。 

區塊鏈用於後臺營運不僅能降低成本，也能大幅提升交易透明度，對

消費者及監管單位來說都是一大好處。其中一個熱門的應用領域便是智慧

合約（smart contract），能將契約數位化並自動執行與維護。智慧合約概念

源自於 1994 年由尼克•紹博（Nick Szabo）所提出。智慧合約之所以稱為

智慧的，係因其比傳統的合約向前邁了一步，亦即能夠實際執行資產所有

權於特定條件下轉讓的管理與控制。智慧合約為一套以數位形式定義的承

諾（promises），包括合約參與方能在區塊鏈上面執行這些承諾的協議。數

位形式意味合約可自動化執行電腦可讀的代碼，因為只要參與方達成協定，

智慧合約所建立起的權利與義務即能強制性執行，而不需要值得信賴的第

三方仲裁（arbitrator），讓人們能通過互聯網與陌生人進行資產的交易 

（transaction），以實踐價值互聯網的境界。未來企業各種形式有價值的智

慧資產或數位資產透過去中心化的區塊鏈來決定資產的所有權。而資產所

有權的管理藉由區塊鏈智慧合約的演算法來自動執行，並在約定條件下自

動觸發所有權協議的執行。 

    全球業界現在都在積極尋找物聯網創新商業模式，國際資訊專業研究

顧問機構 Gartner 在 2016 年 8 月及 10 月分別發表二份重量級報告：「2016

年技術成熟度曲線報告(Hype Cycle for Emerging Technologies,2016)」以及

「2017 年 10 大策略性科技趨勢預測」，在前一份報告當中，Gartner 將超

過 2,000 種科技歸類為三大關鍵科技趨勢，並依照到達成熟生產期所需年

份做出技術成熟度曲線排列。而 Gartner 發布 2017 年 10 大策略性科技，

當中前三大都是智慧元件運用技術的創新，包括(一)人工智慧與先進機器

學習(二)智慧應用程式以及(三)智慧物件。根據二份報告歸納，智慧機器(機

器學習及機器人)、區塊鏈(Blockchain)平台以及物聯網平台(IoT Platform)

將在未來 2 到 10 年內快速發展成為最受矚目的科技新星，智慧製造已躍

昇主流，未來「智慧硬體」及「智慧軟體」結合，透過物聯網感測器服務
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平台建構智慧精密機械的物聯網環境商機。例如美國家電大廠惠而浦

(Whirlpool)與 IBM 人工智慧系統 Watson(華生 )推出智慧家電 (Home 

Automation, HA)的合作模式，未來物聯網擴大到教育、醫療、交通、金融

等領域，真正落實在你我的生活環境當中。 

    有了物聯網和大數據技術的加持，人工智慧這二年突飛猛進，人工智

慧應用在金融業以生物辨識(Biometric)及區塊鏈(Blockchain)金融平台發展

最被看好。生物辨識不需客戶刻意準備資料就可運用，相當符合銀行用戶

體驗及身份驗證效果佳以及數位風險控管的要求；而區塊鏈金融的點對點

(Peer-to-Peer)去中介化架構融入大數據智慧融資決策模式，未來貿易融資

及供應鏈金融將有全新思維，更有智慧，也更節省人力。  

    微軟今年 4 月宣布推出 BaaS (Blockchain as a Services)後，10 月底與 

AMIS、工研院合作推出亞洲第一個「帳聯網」聯盟區塊鏈(consortium 

blockchain)，與國內主要金控共同推動台灣區塊鏈金融的大商機。未來中

小企業建構產業區塊鏈聯盟也將成為趨勢。聯盟內中小企業進供貨訂單交

款與財務、經營及其他質性大數據，透過去中心化的密碼編譯節點認證在

區塊鏈中流通，資金需求端提供給銀行或由銀行付費購買該區塊鏈資訊，

資訊將更加透明及可靠，降低企業倒債及洗錢風險，中小企業貸款更容易；

而未來金融帳聯網延伸到產業物聯網，對於銀行建構中小企業融資徵信以

及放款決策具有相當大的作用，工業 4.0 時代智慧金融將無所不在。 

    未來區塊鏈技術發展的趨勢，由於區塊鏈技術基本上是具備加密特性

的數位貨幣或支付系統為其主要應用，目前開發的產品或解決方案多為概

念或驗證層次，未來發展自動執行合約條款的智慧契約技術，以及以區塊

鏈為基礎的可交易資產，即智慧資產，主要為數位貨幣以外的其他金融領

域應用或股、債、產權的登記及轉讓，資產有關的註冊、交易活動與其他

金融商品合約的交易與執行等。未來如身分認證、醫療、公證、仲裁、簽

證、審計、物流、網路投票等均會應用到區塊鏈技術。而目前國際上區塊
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鏈的技術發展走向聯盟體制與開源開放平台有三大主流技術，包含金融機

構聯盟 R3 所開發的 Corda、Linux 基金會旗下的開源區塊鏈專案超級帳本

(Hyperledger)計畫，以及乙太坊（Ethereum），國內則有帳聯網等相關技術。

除金融業除分別投入各聯盟、平台之外，微軟、IBM 等也透過雲端平台建

立區塊鏈應用的生態系。 

    以目前最大的區塊鏈聯盟之一，全球43家銀行所組成的R3聯盟為例，

原本外界推測 R3 將從現有區塊鏈協議與區塊鏈供應商之中，挑出一套最

適合金融應用領域，且大家都認可的區塊鏈協議，用來打造這些會員銀行

之間的跨行清算系統，沒想到他們在研究過所有現有的區塊鏈協議後，決

定自行開發一套有別於現有區塊鏈的系統。R3 推出一套自行開發的新分散

式分類帳平台（Distributed ledger），稱為 Corda，並宣稱 Corda 不等同於現

在火紅的區塊鏈（Blockchain）。R3 市場研究總監 Tim Swanson 也澄清，

他們要做的並不是區塊鏈，而是可更通用於金融產業的分散式分類帳平

台。 

    新分散式分類帳平台 Corda 的特色是沒有採礦機制，也不會共享所有

資料，符合金融業業務特性及需求。亦即 Corda 是專為金融機構所設計，

基於銀行的需求，因此在方法、設計與情境上都與目前的其他區塊鏈技術

不同。之所以強調 Corda 並不是區塊鏈，是因為它本身並不具有一連串的

Hash 區塊（A chain of hash block），也沒有像比特幣區塊鏈一樣地採礦機

制和礦工角色，銀行並不希望與其他機構共享所有的交易紀錄，因此 Corda

可讓開發者自行選擇不同的演算法機制，在Corda平臺上的所有交易紀錄，

即使都已經加密，仍然不會共享給所有的參與者。 

    根據 R3 市場研究總監 Tim Swanson 分析，現階段只在內部讓會員銀

行進行測試，有一套完整協議，目標是要平台化，提供足夠彈性，讓各種

具法律效力的合約（Legal agreement）可以在各機構之間安全傳遞。未來

會先將其中的部分元件開源，讓其他組織可在 Corda 平臺上採用不同演算
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法。相較於 Linux 基金會的 Hyperledger，Hyperledger 是非營利開源專案，

有多個程式碼基底（Code base）所組成，包括 Intel、IBM、Ripple、Digital 

Asset Holdings 及 Blockstream 都提出程式碼貢獻，目前 Hyperledger 還在提

議階段（Proposal），尚未形成一個帳本（Ledger），且主要來自科技公司的

團隊所提出。而專為金融機構所設計的Corda則已經是實際試驗中的產品，

因為 R3 本身也是 Linux 專案的成員，未來 Corda 可能成為 Hyperledger 的

其中一項專案。 

    國際多家跨國機構成立 R3 聯盟，也有中國大陸自主建立的金融區塊

鏈合作聯盟，顯示在競爭激烈的環境下，相互合作有助建立主導地位，發

揮加乘效果。 

    話說從頭，網際網路的起點始於 1973 年 TCP/IP 協議，它打破了由中

心傳遞資訊的傳統方式，突破訊息在傳遞過程中地域、物理及成本的限制；

區塊鏈可視為 TCP/IP 協議的升級版，以共識機制確保資訊的真實性。區

塊鏈將推動嶄新的共享經濟，形成與資產鏈結的全球開放信用體系(Trust 

Machine)。 

上述種種現象讓我們體認到，做為科技金融的一環，區塊鏈的發展已

勢不可擋，且此一技術的應用從最初的數位貨幣，日漸滲透到金融業的各

個層面。我國金融業在放眼世界，朝國際化發展的同時，必須密切注意此

一趨勢，並且妥為因應。 

2015 年是區塊鏈技術被討論得特別熱烈的一年，形成了區塊鏈 1.0、

區塊鏈 2.0 和區塊鏈 3.0 的概念。 

區塊鏈 1.0 就是以比特幣為代表的虛擬貨幣，雖然問題重重，包括

價格的劇烈波動、數量上限可能導致的通貨緊縮、挖礦對能源的浪費、

各國政府監管的限制等等，但其仍然是區塊鏈技術目前為止最成功的應

用，並為人們勾勒了一幅理想的遠景—全球貨幣的統一，貨幣的發行不
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再依賴於各國的央行。 

區塊鏈 2.0 可以被理解為區塊鏈技術在其他金融領域的運用。包括

目前華爾街金融業者想要聯合打造的區塊鏈行業標準，提高銀行結算支

付的效率，降低跨境支付的成本；交易所積極嘗試用區塊鏈技術實現股

權登記、轉讓等功能。 

區塊鏈 3.0 將區塊鏈應用的領域擴展到金融行業之外，覆蓋人類社

會生活的各個層面，在各類社會活動中實現資訊的自證明，不再依靠某

個第三人或第三方機構獲取信任或建立信用，實現資訊的共用，包括在

司法、醫療、物流等各個領域，區塊鏈技術可以解決信用問題，提高整

個系統的運轉效率。 

區塊鏈在現階段的發展，其實已漸漸不再只是一項新的技術，若以

交通舉例，最初的區塊鏈可能是一家汽車公司推出的一款高級車內之技

術，此款車有特別的引擎系統與路線規劃能力，能幫助駕駛人更快也更

有效率的到達目的地。然而現在的區塊鏈發展已不僅於此，除被廣泛應

用在其他的車款，甚而如店家等其他定點也陸續加入，當更多的車款與

商家加入這項系統和使用其路線規劃技術，路線的規劃就更為準確，也

因此，區塊鏈相形而言是一項基礎建設。 

基礎建設的概念其實是近來才出現的格局，在 2015 年之前的金融科

技主要在於現有技術的優化、以及使用者體驗上的提升，但是並沒有涉

及到金融行業的基礎架構；而現在隨著區塊鏈的技術提升，即將進入金

融科技 2.0 的時代，全面革新金融業傳統的基礎架構，區塊鏈在不久的將

來無疑是金融行業的基礎建設！ 

值得注意的是，獲得重金投資的不只是在區塊鏈基礎建設而已，也

在上層應用，諸如金融業的結算系統，數字憑證如股票的發行，及日常

生活中的應用。美國證監會（Securities and Exchange Commission, SEC）
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在 2015 年 12 月批准了線上證券發行商 Overstock 用區塊鏈發行股票的計

畫，預計可大幅降低發行成本。英國首相的首席科學顧問  Sir Mark 

Walport 也建議英國政府，在主要公共服務上，例如稅收、福利或簽發護

照等採用區塊鏈技術1。在中國大陸，區塊鏈相關研究也正積極開展，中

國人民銀行行長周小川在 2016 年 2 月接受媒體採訪時，再次提到該行正

研究發行「數位貨幣」。 

區塊鏈的應用場景大致可分為數位貨幣、記錄保存、智慧合約和證

券。具體包括跨境支付、電子商務、投票、公證、智慧財產權保護、證

券發行交易、眾籌、契約、擔保等各類社會事務。無論是公證、醫療、

房地產還是物聯網領域，只要有過多的中介參與，過高的中介成本或者

是低追蹤成本和高資訊安全的需求，都會有區塊鏈技術的用武之地。 

金融領域存在大量諸如銀行、證券交易所等中介機構，對區塊鏈技

術的巨大需求也形成了目前對區塊鏈投入最多的領域，金融系統的去中

心化將大大提高系統的運行效率。目前的貨幣發行由央行控制，以政府

為中心，進行集中式貨幣管理控制，比特幣的產生是為人們提供一種去

中心化的數位貨幣。比特幣的成功對傳統金融機構產生了巨大影響，各

大機構紛紛涉入區塊鏈領域，試圖用區塊鏈技術取代傳統金融底層協定。

金融領域與社會發展密切相關，金融業對區塊鏈技術的探索對區塊鏈發

展起了明顯推動作用，衍生出側鏈、私有鏈等新概念，加速區塊鏈技術

成熟與應用。 

由於區塊鏈在金融領域應用前景廣闊，全球各大金融機構都積極參

與區塊鏈項目的投資，在區塊鏈技術上加強研究，其中包括納斯達克、

高盛、花旗、摩根士丹利、瑞銀等。銀行等金融機構的基礎設施融合底

層區塊鏈技術結合，將對現有的支付、交易、結算的方式產生深遠的影

響，提升其運作的效率。歸納來看，銀行的投資有幾種途徑，其中之一

                                                 
1 參見「臺大金融科技區塊鏈」網頁 https://fintech.csie.ntu.edu.tw/，本章若干內容摘錄自該網頁。 

https://fintech.csie.ntu.edu.tw/
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是商業銀行成立內部的區塊鏈實驗室。比如花旗銀行、瑞士銀行等已相

繼成立研發實驗室，重點圍繞支付、數位貨幣和結算模式等方面測試區

塊鏈的應用，有的還擴大到其員工內部系統中測試。另外就是投資金融

科技初創公司。2015 年以來，許多跨國大型金融集團紛紛以創投形式進

入區塊鏈領域，例如高盛即聯手其他投資公司向比特幣公司投資。 

區塊鏈技術對我國金融業的有益影響，至少包括： 

第一，區塊鏈能提供更簡易的清算系統，讓發生交易即為清算，不

需要花費額外的時間做清算的動作，且發生交易的當下即產生新的區塊，

而新的區塊就會被寫入公開的分佈式帳本之中。 

第二，區塊鏈去中心化的特性，讓所有的收付手續更加簡易，無需

中間機構的介入，且所有的交易達成都必須足夠節點承認才算完成，才

能夠寫入帳本中。 

當然我國金融業應用區塊鏈技術時可能會遭遇不少挑戰，例如： 

第一，對一般無相關知識的大眾而言，要理解並認同此一新興技術

相對不易，相關的宣導和基本概念必須能夠傳遞給一般消費者，讓大眾

對此有基本的理解。 

第二，法規的出現和制定總是相對落後於實務發展，新興技術往往

對現有法規產生挑戰，相關的約束和現有法條的編修勢必得有所因應，

此乃保障大眾和企業，也讓整個體系趨於穩定。 

現今海外許多先進國家已投入大量資金於區塊鏈的技術研發中；而

眾多海外區塊鏈應用的新創公司例如 G Coin,、Hyperledger、Consensys、 

Eris blockchain 等等亦紛紛興起。截至 2015 年 10 月創投公司累積投入區

塊鏈領域的資金高達九億兩千一百萬美元；並且有 30 家以上的銀行以及

金融機構已經開始投資並分析區塊鏈領域的科技，證明區塊鏈成長潛力

無窮。 
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雖說區塊鏈在FinTech領域相對而言是新技術，但近兩年在歐美與亞洲

國家已陸續出現在金融實務界之應用，或者正式宣示區塊鏈金融之重要性。

本章先將相關發展簡要說明如下，較為詳細的介紹請參見本研究報告第三

章。 

一、歐美國家 

(一)2015年 

1.2015年下半年美國銀行向專利商標局(USPTO)申請10項與「區塊鏈」

技術相關專利。 

2.2015年7月，澳洲幾家主要金融機構，諸如澳盛銀行(ANZ)、澳洲國

家銀行(National Australia Bank)與澳洲中央銀行(Reserve Bank of Australia)

等12家主要金融機構與比利時的環球銀行金融電信協會(SWIFT)合作，共

同開發全新的金融服務基礎建設--澳大利亞新型支付平台(New Payment 

Platform)，預計在2017年下半年上線。 

3.2015年12月，IBM、JP Morgan Chase、倫敦證交所、富國銀行與Linux

基金會合作，共同宣布「開放帳本計畫」（Open Ledger Project）。 

4.2015年9月成立的紐約金融新創公司R3 CEV召集銀行業者組成區塊

鏈技術聯盟R3，共同開發區塊鏈的分散式分類帳技術，到2015年底，已有

42家銀行加入。 

5.瑞士銀行於倫敦成立「Crypto 2.0」團隊，從事數據區塊鏈技術研究，

該行宣稱已經開發出區塊鏈技術在20多種用途上，並開發出「智能債券」

(Smart Bond)。 

6.那斯達克交易所在2015年12月30日宣布與金融創新機構Chain.com

合作，在其區塊鏈技術平台Linq首次成功交易一檔個股。這種創新的交易

能夠記錄每筆交易流向，從此金融交易將公開透明、降低成本。更甚者，
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買賣方可自行交易，去除中間人(Dealer或Specialist)，人工撮合可能走入歷

史。 

(二)2016年 

1.英國 JP Morgan Chase2016年 1月決定和新創公司Digital Asset 

Holdings合作啟動區塊鏈試驗計畫，希望簡化流程並加快速度，同時降低

錯誤的機率。 

2.澳洲聯邦銀行(Commonwealth Bank of Australia)積極發展區塊鏈技

術，並以新創加速器的姿態，在2016年1月成功開發出開放性行動支付平

台—Albert。 

3.西班牙最大銀行桑坦德銀行(Banco Santander)認為如果全世界的銀

行內部若都使用區塊鏈技術，到2020年每年約省下200億美元的成本。 

二、亞洲國家 

(一)2015年 

1.中國人民銀行2014年成立專門的數碼貨幣研究團隊，並於2015年初

進一步擴充發展，研究使用區塊鏈技術去紙幣，且宣稱「已取得階段性成

果」。 

2.2015年10月15日全球首屆區塊鏈高峰會在上海召開，來自中國人民

銀行金融研究所、人民銀行徵信中心、上海證券交易所、陸金所、德勤會

計事務所等全球對區塊鏈技術應用前景有興趣的專業人士參加。 

3.中國銀聯、阿里巴巴等多家公司陸續宣布研究區塊鏈技術在眾籌、

P2P、證券交易等傳統金融領域的應用。 

4.新加坡金融管理局(Monetary Authority of Singapore，MAS)與星展銀

行及渣打銀行聯合開發組建以區塊鏈為基礎的記錄系統，該技術將被用在

提高進出口商及銀行在發票融資(應收帳款融資)領域的安全性和便捷性。 
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(二)2016年 

1.南韓中央銀行在報告中指出區塊鏈發展的重要性，因該技術特徵在

於可以安全高效率的提供金融服務，且不需中介機構負責處理交易資訊。

故該行將持續關注區塊鏈技術的發展，進行深度研究，甚至考慮將自行投

入分布式帳簿技術的研發。 

2.南南韓民銀行與當地的比特幣創業公司Coinplug進行合作，宣布藉

由使用區塊鏈技術就可以避免掉中介服務，能夠降低成本，為客戶帶來好

處。 

3.日本幾家銀行和科技業者，包括歐力士銀行、靜岡銀行、NTT數據

公司和NTT DOCOMO合資企業提出對區塊鏈進行研究的主張。 

4.日本證交所2016年2月16日宣布與IBM Japan達成共識，一同為區塊

鏈技術進行測試概念性驗證((Proof-of-Concept，PoC)。 

5.香港政府在財政預算案中明文提到區塊鏈技術，可說是首個提到區

塊鏈技術的政府機關，鼓勵業界和相關機構，探討區塊鏈技術在金融業的

應用，發展其減少可疑交易和降低交易成本的潛力。 

透過對前述事件的觀察認識，吾人應可管窺全球主要金融機構或主管

機關已認知到區塊鏈的重要性或致力於發展區塊鏈解決方案，希望實現跨

銀行交易，相信區塊鏈技術將逐漸成為主流。加上全球金流的跨境發展與

因此而來的競爭蔚為趨勢，台灣的金融業者在這領域更不能缺席，也更突

顯本研究議題之重要性。我們希望本研究能有效幫助國內金融業掌控區塊

鏈此一新科技的發展與應用。 

第二節 研究目的與方法 

一、研究目的 

顯而易見，我國金融業已無法自外於科技金融方興未艾的創新浪潮，
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務須迎頭趕上。區塊鏈技術被認為是科技金融中的新顯學，本研究之主要

目的，即在於針對區塊鏈技術進行初步的介紹，在具備區塊鏈的基礎概念

之後，再檢視其他國家應用區塊鏈技術於金融業的實例，並探討我國金融

業是否能從這些案例中得到啟發。具體而言，我們預期本研究能完成下述

工作： 

第一， 闡明區塊鏈技術的內涵。 

第二， 剖析全球主要國家金融業應用區塊鏈技術的現況。 

第三， 省思區塊鏈技術的應用如何為我國金融業帶來突破。 

二、研究方法 

本研究主要將採取以下方法進行研究： 

(一)文獻分析法 

蒐集我國及各相關國家或地區之區塊鏈發展現況報導、文獻、政府及企業

公開資訊發布、統計資料。並參酌國內外學者專家之論著、報章雜誌、相

關主題之座談會或研討會之資料及專家意見，輔以台灣及各國相關法令與

文獻，進行綜合歸納、分析與比較。 

(二)訪談提問法 

針對本研究下之各章節主題，提出理論與實務上所可能面對之問題，透過

專家訪談、實地調查等，綜合主管機關、相關部會及金融界之意見，嘗試

尋求妥適之因應對策。必要時，考慮提出修法建議或配套措施，並具體提

出金融業未來應用區塊鏈之可能趨勢及發展方向。  
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第二章 區塊鏈的緣起與技術發展 

第一節 區塊鏈的緣起—兼談數位貨幣 

金融危機爆發之後不久，大約就在雷曼兄弟倒閉的一個月後，2008 年

10 月 31 日下午 2 時 10 分(紐約時間)，中本聰(化名，真實身分成謎)在一

個隱秘的密碼學討論群組上發表了一篇論文《比特幣：一種點對點的電子

現金系統》（Bitcion：A Peer-to-Peer Electronic Cash System），闡述了基於

P2P 和加密等技術的電子現金系統架構理念，此即「比特幣」（Bitcion）

系統的基本框架。 

中本聰如此寫道2：「我一直在研究一種新的電子現金系統，完全是點

對點（peer-to-peer），不須透過受信任的第三方…我們將電子貨幣定義為一

連串的數位簽名。每個擁有人把貨幣轉移給下一個人，是將先前的交易和

下一個擁有者的公鑰(public key)數位簽署為雜湊值(hash)，並將這些加到貨

幣的最尾端。受款人可以透過驗證簽名來驗證所有權鏈。」 

中本聰描述的線上交換系統，是利用電腦加密讓雙方進行價值交換，

但不會洩漏交易雙方的身分或金融帳號等敏感資料。這個系統的主要用意，

是要在傳統的金融體系之外運作，讓人們可以直接寄送數位貨幣給彼此。

「點對點」就是免除中間人的商務往來概念，不需要銀行或信用卡公司，

不會牽涉到支付服務商，或是其他「受信任」的第三方。 

就數位貨幣與實體經濟之關係而言，數位貨幣可分為三類3：第一類是

封閉之數位貨幣體系，主要應用於網路遊戲（如虛擬道具及裝備之購買）；

第二類數位貨幣係單向之資金流動，通常對數位貨幣之購買已有兌換比率，

主要應用於虛擬商品與服務之購買；第三類數位貨幣則有著雙向之資金流

動，在該情況下之數位貨幣與中央銀行發行之貨幣已無實質區別，可用於

                                                 
2 譯文摘自「虛擬貨幣革命」(2016)，保羅威格納、麥克凱西著，林奕伶譯，大牌出版/遠足文化事業有限

公司。 
3 許榮、劉洋、文武健與徐昭(2014)，互聯網金融的潛在風險研究，金融監管研究，第 27 期，頁 40-56。 
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真實商品與服務之購買，中本聰的比特幣即是第三類數位貨幣之典型代

表。 

中本聰的比特幣系統最重要的創新，是一個不容破壞的共同總帳，他

稱其為「區塊鏈」（Blockchain），任何人可以用來驗證交易的有效性；事

實上，區塊鏈可以簡單的定義成一個系統，它讓一群互聯的電腦安全的共

同維護一份帳本。中本聰還設計了一套獨特的獎勵機制，鼓勵網絡裡的電

腦擁有人維護更新總帳，以便維持系統誠實可信，同時擊退駭客。 

另外為了應付比特幣體系通貨膨脹，或比特幣貶值的疑慮，中本聰制

定了一套比特幣的貨幣供給機制。最初四年，通訊協定設定大約每十分鐘

固定發出五十枚比特幣。到了 2012 年底時，發行的數量就降為二十五枚，

之後每四年減半，直到供應量在 2140 年減少至零為止，屆時總計將發出

兩千一百萬枚硬幣。這樣預先設定逐步遞減、釋出數量有限的貨幣供給，

能製造稀缺感，為比特幣的價格建立支撐基礎。 

2009 年 1 月 3 日，中本聰建立了序號為 0 的第一個比特幣區塊(俗稱

創世區塊(Genesis Block))，「挖掘」出第一批的比特幣五十枚，不過當時這

些比特幣的價值還是零，因為沒有別人可以轉移，也就是沒有地方可供花

用。幾天後，中本聰在密碼學討論群組上再次宣告：「宣布首次釋出比特

幣，一個新的電子現金系統，使用點對點網絡以避免重複支用

(double-spending)，完全去中心化，沒有伺服器或中央管理機構。」就在 1 

月 9 日，出現序號為 1 的區塊，並與序號為 0 的創世區塊相連接，「區塊

鏈」於焉誕生。 

區塊鏈其實就是支撐比特幣系統運作的底層技術。比特幣的區塊鏈總

帳是一長串的區塊，是大約同時間發生的交易群組。只要系統持續運轉，

這個鏈便無限制增長。這種依照時間先後排列順序的結構非常重要，因其

賦與較早的交易合法性，使用者若企圖重複使用同樣的比特幣餘額，會被

視為不合法。藉由將比特幣體系內每個參與者的花費與收入，建立有時間
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印記的順序，系統便可追蹤紀錄任何時刻每個人的餘額狀況，以及附屬在

每一枚比特幣創造、花用、或收入的識別資訊。 

一般來說，區塊鏈是指通過去中心化的方式集體維護一個可靠資料庫

的技術方案。該技術方案讓參與系統中的任意多個節點，把一段時間中系

統內全部資訊交流的資料，通過密碼學演算法計算並記錄到一個資料塊

（block），並且生成該資料塊的「指紋」用於鏈結（chain）下個資料塊和

校驗，由系統所有參與節點來共同認定記錄是否為真。 

 

【圖 2-1-1】區塊鏈金融示意圖(資料來源：Deloitte) 

在比特幣的應用中，區塊鏈是一個分散式的帳本系統，採用密碼技術

來確保交易的正確性，不同的區塊鏈技術採用不同的共識機制。最早使用

區塊鏈這個技術的例子即是比特幣的交易系統，比特幣參與者們集體維護

一個具時序性的帳本系統(區塊鏈)。其中的每一個區塊網路之參與者都是

一個節點，一套完整的帳本因為這些節點而得以保存，帳本中記錄了所有

的歷史帳戶訊息，任何一個節點需要發起一個交易行為都需要將交易行為

訊息傳遞到區塊網路中的其他每一個節點，如此可以確保此保存於所有節
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點上的帳本能精確的更新且驗證這一筆交易行為。 

最古老的區塊鏈共識機制是由一種稱為挖礦的過程產生，目的是決定

記帳權共識：確認交易並把交易納入區塊鏈之中。挖礦能確保區塊鏈時間

順序的正確性，保護網路的中立性。有待確認的交易資料會被打包至某個

區塊之中，而為了防止區塊被惡意篡改，區塊必須滿足一項非常嚴格的密

碼學規則，隨意篡改的區塊會因為不符規則變得無效，藉由這個機制，沒

有一個人能控制區塊鏈中能包含哪些交易，或是任意更動區塊鏈的某一部

份。 

在一筆交易中，我們只會看到收款對象的位址，一個收款者能夠擁有

不只一個位址，也就是說，位址與收款者並無法做到準確的對應。每筆交

易的付款與收款對象均可以有一個或多個，由於我們無法得知這些對象實

際上是否為同一人，故能達成基本的匿名性。相對於傳統中心化機構的會

員申請，要產生一個位址是相對容易很多的，只要符合一定的格式，都會

被網路所接受。位址的產生，是私鑰透過一連串的雜湊函數(Hash Function)

產生，接下來我們將對私鑰(private key)、公鑰(public key)和位址 (address) 

的產生方式概略說明4，詳細的介紹可參見下一節。 

私鑰可以用來管控相對位址的所有資產，從資產的傳送到交換，都需

要用私鑰來簽名認證。私鑰基本上可以寫作 256 位元的二進位數，所有符

合此一格式的私鑰約有 2 的 256 次方個，寫成十進位的話有足足 78 位

數，所以只要隨機程度足夠，是非常不容易跟別人相同的。要產生一個隨

機程度足夠的私鑰，最簡單的方法是投擲一枚硬幣，正面取 1，反面取 0，

這樣一直投擲 256 次，就會得到一組跟其他人不一樣的私鑰。從私鑰到位

址的過程中，私鑰會先透過一個橢圓曲線加密的對應函數得到一個長度為

512 位元的公鑰，橢圓曲線加密的數學式在此不予贅述。 

公鑰最主要的功能，為驗證財產的擁有權。每筆交易中需要轉出任一

                                                 
4 摘錄自廖世偉(2016)，區塊鏈不等於比特幣。 
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財產的時候，須提出公鑰以認證該財產擁有權，並以私鑰對整筆交易簽名

認證，用以確定財產擁有者同意此一財產的轉出。當礦工在驗證交易時，

會檢查該公鑰是否配對於該財產，也即要能與該資產的位址對應，並同時

檢查此一簽名是否屬於該擁有者。雖然私鑰僅能單向轉換成公鑰，一般還

是希望公鑰盡可能不要太常出現在公開的區塊鏈上。在轉出財產的時候一

定需要公鑰來驗證，所以通常只保護收入端所顯示的公鑰。在收入財產的

部分，會再對公鑰做一層的雜湊函數，用以保護公鑰，此一雜湊函數的輸

出即為位址。 

透過由演算法 SHA-256 與 RIPEMD160 所組成的雜湊函數，一個 512

位元的公鑰將會先由此雜湊函數轉換為 160 位元後，再編碼為位址，因此

轉換途徑依序為私鑰、公鑰以及位址，僅由後者是難以回推出前者的。此

位址可用於收取別人轉交的財產，而擁有此位址相對應的公鑰與私鑰，便

可以再把裡頭的財產轉出。 

區塊鏈的核心思想是去中心化。資料的傳輸不再依賴某個中心節點，

而是 P2P 的直接傳輸。全網路的每個節點都依據共識開源協定，自由安全

的傳輸資料。所有交易記錄是對全網路公開的，每個節點都可備份。 

區塊鏈最大的革命性創舉在於信用的建立。在我們日常的社會活動中，

信用的建立往往需要依靠第三方機構的證明，這種方式通常會增加交易的

成本，降低效率。區塊鏈系統本身能產生信用，這種信用的產生不是來自

第三方機構，而是來自程式（演算法），因為區塊鏈記錄資訊的產生是需

要全網路節點確認的，一旦生成將永久記錄，無法篡改。除非能擁有全網

路總算力的 51%才有可能修改最新生成的一個區塊記錄。 

雖然區塊鏈技術最早是由於比特幣的流通為人們所認知，但是區塊鏈

的應用卻不僅於此。過去幾年比特幣與其他使用區塊鏈技術的虛擬貨幣 

(統稱為 Altcoins) 的發展熱潮逐漸消退，市場也開始發覺區塊鏈的真實價

值遠遠不僅止於促成一個無政府虛擬貨幣的流通。北美與歐洲的投資人、
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科技新創、金融機構以及政策制定者目前關注的方向已經從比特幣轉移到

區塊鏈技術與既有產業生態的連結。 

網際網路已經實現了資訊的自由傳遞，但是價值的自由傳遞尚未實現。

下一步的可能發展是將資產數位化，在互聯網上登記各類權益資產，實現

權益資產的自由流通。與資訊的可複製有所區別，權益資產對應的價值是

不可複製的，其傳輸方式顯然與資訊不同，區塊鏈技術有望説明我們實現

從資訊網路到價值網路的轉變。 

首先，密碼學技術的運用可以低成本的解決資料傳輸的安全性問題，

公私密金鑰已經是現代密碼學中一項成熟的技術，能確保傳輸資料本身及

發送物件接受的準確性，防止資料被盜取或篡改。另外，使用雜湊值演算

法能高效的完成資訊驗證。 

其次，P2P 技術大幅降低對單個節點的依賴性，提高了整個網路的可

靠性。某些節點的退出不會對整個系統的運作造成影響，不需要建設過於

複雜的伺服器組，一般伺服器即可運作，系統維護更加靈活。 

最後，權益資產在實現自由流通的同時需要記帳，而區塊鏈本身就具

備帳本的功能，通過時間序列化的區塊記錄每一筆發生過的交易，公開透

明，可追溯驗證，不可篡改，使資訊查核變得簡便。這些特性進一步擴展

了區塊鏈的應用範圍。  
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第二節 區塊鏈技術初探 

比特幣在數位貨幣的譜系中，隸屬於「加密貨幣」 (cryptocurrency)，

支撐比特幣的核心技術「區塊鏈」，便構築於密碼學(cryptography)之上。 

一、(非對稱)公鑰密碼學簡介 

密碼的使用，在凱薩大帝的時代就已有跡可循，當時採用了現在稱為

「位移密碼」(shift cipher)的密碼術。舉例來說，假設我想傳送 CAT 這個

單字，我就先把二十六個英文字母平移，譬如左移五個位置，對應如下表

所示： 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 

F G H I J K L M N O P Q R S T U V W X Y Z A B C D E 

上表中第一列代表原來(平移前)的字母排序，第二列代表平移後的字母排

序。現在我依據上表，第一列的 C 對應第二列的 H，第一列的 A 對應第二

列的 F，第一列的 T 對應第二列的 Y，因而可將 CAT 轉換為 HFY，然後

將 HFY 寄發給我欲傳送的對象。這裡的 CAT 稱為明文(plaintext)，HFY 稱

為密文(ciphertext)，「英文字母左移五個位置」是我的「加密鑰匙」。收到

密文的人，只要知道我是依據上表將明文加密，便可同樣依據上表解密，

只要將密文中的字母從第二列對應到第一列，便可輕易回推出明文。將「英

文字母右移五個位置」就是「解密鑰匙」。在位移密碼的例子中，很容易

可看出「加密鑰匙」和「解密鑰匙」是對稱的，我們甚至可以說，位移密

碼的「加密鑰匙」和「解密鑰匙」本質上是同一把，只不過要朝相反方向

「轉動」。 

密碼術的出現雖早，然而自凱薩大帝以降的兩千多年，密碼學面臨的

困境始終如一：如何安全無虞的發送解密鑰匙給密碼傳送對象？ 
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假設現在有兩位情治工作人員：韓特與慕德。慕德急於傳遞 CAT 這個

訊息以告知韓特，有外星人偽裝成貓咪混進了他們的國家。慕德可以先將

CAT 轉換成密文，但要讓韓特看懂密文，就必須讓韓特知道解密鑰匙5，

可是慕德要如何將解密鑰匙交給韓特，同時不讓外星人或其他國家的人有

機會竊取呢？ 

慕德可以將解密鑰匙放在堅固的小型保險箱裡寄去給韓特，然而這個

保險箱的鑰匙必須放在另一個保險箱裡寄去給韓特，那另一個保險箱的鑰

匙又必須再找一個保險箱…如此下去沒完沒了。或者，他們兩人可以約在

紐約市曼哈頓 125 街的麥當勞見面並交付解密鑰匙，不過要是他們可以這

麼做，那也不必使用密碼傳遞訊息了，畢竟當面討論外星人的陰謀應該更

為清楚省力。 

此處真正要處理的問題，是如何讓素未謀面的兩人，透過密碼安全的

傳遞訊息。 

在西元 1976 年以前，「解密鑰匙如何安全發送」被公認是密碼學中無

解的難題，直到 Whitfield Diffie 與他當時在美國史丹福大學的同事 Martin 

Hellman 合作，終於跳脫既有的窠臼，對這個問題做出劃時代的貢獻6。

Diffie 與 Hellman 的關鍵想法，在於找出一個「單向函數」(one-way function)。

所謂「單向函數」，在這裡可以想像成一種運算或是一種操作，這種操作

具有某種程度的「不可逆性」，例如將黑色顏料與白色顏料混合成灰色顏

料很容易，但反過來要從灰色顏料中分離出黑色顏料與白色顏料，卻是非

常困難的事7。在某種意義上，Diffie 與Hellman繞過解密鑰匙的發送過程，

建構出一種新的鑰匙交換系統，他們提出公鑰密碼的想法，成為公鑰密碼

學(public-key cryptography)的濫觴(事實上他們還一併處理了看似毫不相關

                                                 
5 以位移密碼的例子來說，就是要讓韓特知道英文字母應該向哪個方向平移多少位置。 
6 Diffie, W. and M. Hellman (1976), “New Directions in Cryptography”, IEEE Transactions on Information 

Theory, 22, (6), pp. 644-654。兩位作者憑藉其在密碼學領域的貢獻，於 2015 年獲得有「電腦科學界的諾貝

爾獎」之稱的「涂林獎」(Turing Award)。涂林(A. Turing)是英國科學家，近代電腦科學的先驅之一。 
7 較為形式化的說法是這樣的：函數 f 對於給定的數據 a，可以輕易算出 y=f(a)，但根據給定的 b，卻很難

倒過來求得 x 使得 b=f(x)，同時也很難找到相異的 a1與 a2使得 f(a1)=f(a2)，這樣的函數 f 就是一種單向函數。 
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的數位簽署(digital signature)問題，我們會於稍後說明) ，不過在當時這是

一種完美但不可行的構想。  

Diffie and Hellman (1976) 在概念上邁出巨大的一步，但實際應用時居

於關鍵地位的單向函數，一時卻未能發現(1976 年的文章中提出三個單向

函數候選者，稍後皆證明不堪使用)。當他們在美國西岸繼續埋頭鑽研時，

位於美國東岸的應用數學與電腦科學重鎮—麻省理工學院卻率先傳出好

消息，任職於此的三位學者 Ronald Rivest，Adi Shamir 與 Leonard Adleman

拔得頭籌8，找到了一個合用的單向函數：因數分解。依三人的姓氏縮寫，

密碼學中將他們的方法稱為 RSA 演算法。 

接下來我們說明 RSA 公鑰密碼演算法的操作步驟。首先我們令數字

01 代表英文字母 A，數字 02 代表英文字母 B…數字 26 代表英文字母 Z。

舉例來說，如果我們要傳遞的訊息是 CAT 這個單字，則可數位化為 30120。 

現在慕德要傳遞訊息給韓特，步驟如下。(每一步驟後方的括弧內容是

對應該步驟的具體範例，為了說明簡便，假設要傳遞的訊息是T這個字母，

數位化後就是 20。) 

準備工作： 

一、韓特隨機選取兩個相異(大)質數9
p 與 q，並將此二數相乘得 n=pq。 

(取 p=3，q=23，則 n=69) 

二、韓特任意選取一個數字 e，但 e 必須與乘積(p-1)(q-1)互質10，e 稱為「加

密次冪」。韓特將 n 與 e 的值(公開)傳送給慕德。((p-1)(q-1)=44，e 的選擇

不只一種，此處我們取 e=9) 

                                                 
8 Rivest, R., A. Shamir, and L. Adleman, (1978), “A Method for Obtaining Digital Signatures and Public-Key 

Cryptosystems”, Communications of the ACM, 21, pp. 120-126。三位作者因為提出此一公鑰密碼演算法，於

2002 年獲得「涂林獎」。 
9 所謂質數，是指因數只有 1 與本身的整數。2 是最小的正質數，也是唯一的正偶質數。 
10 兩數互質意味此兩數的最大公因數是1，例如15與22互質，但15與12不互質。此處要求 e必須與(p-1)(q-1)

互質，是為了確保在後續步驟 4 中一定能找到「解密鑰匙」d。 
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慕德加密： 

三、慕德依據 n 與 e 的值將數位化信息明文 m 轉化成密文 c，此處 c 是𝑚𝑒除

以 n 的餘數11。慕德將密文 c (公開)傳送給韓特。 

(英文字母 T 之數位化明文 m=20，𝑒 = 9，𝑚𝑒 = 209 = 512000000000， 

𝑛 = 69，512000000000 ÷ 69 = 7420289855 ⋯ 𝟓，所以密文𝑐 = 5。) 

韓特解密： 

四、韓特根據(僅有他自己知道的)p 和 q 之值，計算出(p-1)(q-1)的值，並據

此求算「解密鑰匙」d，這裡的 d 是一個正整數，且會使得 d 與 e 的乘積

de 除以(p-1)(q-1)的餘數為 1
12，或者說 de 減 1 之後可被(p-1)(q-1)整除，即

𝑑𝑒 − 1 = (𝑝 − 1)(𝑞 − 1)𝑘，k 為正整數。 

(已知 p=3，q=23，(p-1)(q-1)=44，e=9，尋找正整數 d 使得9𝑑 − 1 = 44𝑘，

可解出一組解 k=1，d=5。) 

五、韓特將密文 c 取 d 次冪，也就是計算𝑐𝑑，接著再計算𝑐𝑑除以 n 的餘數，

便可將明文 m 還原13。 

(c=5，d=5，c𝑑 = 55 = 3125；n=69，3125 ÷ 69 = 45 ⋯ 𝟐𝟎，所以 m=20。) 

上述 RSA 公鑰密碼演算法的操作步驟，有幾處尚須略作說明。首先注

意到韓特所選取之 n 與 e 的值，是加密與解密的必要資訊，但可透過公開

途徑傳遞(例如登在報紙上或貼在網頁上)，因此數對(n,e)稱為韓特的「公

鑰」(public-key)；但 p 和 q 的值只有韓特自己知道，因此數對(p,q)稱為韓

特的「私鑰」(private-key)。此處必須強調：公鑰和私鑰是成對生成的。 

慕德接收了韓特的公鑰之後，便據此將其所要傳遞之訊息由明文 m 轉

                                                 
11 數學式可表示為 𝑐 ≡ 𝑚𝑒(𝑚𝑜𝑑 𝑛) 或 𝑐 = mod(𝑚𝑒 , 𝑛)，其中 a ≡ b (mod n) 讀做「模 n 之下，a 同餘 b」，

其涵義為「『a 除以 n 的餘數』與『b 除以 n 的餘數』相同」，或者說「n 可以整除(a-b)」，亦即「n 是(a-b)

的因數」。符號 mod(a,b) 代表 a 除以 b 的餘數。 
12 以數學式表之即為 𝑑𝑒 ≡ 1 (𝑚𝑜𝑑 (𝑝 − 1)(𝑞 − 1))。 
13 數學式可表示為 𝑚 ≡ 𝑐𝑑(𝑚𝑜𝑑 𝑛)，或 𝑚 = mod(𝑐𝑑 , 𝑛)。 
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換為密文 c，也就是「以公鑰加密」，再透過公開途徑將密文 c 傳遞給韓特。

韓特再以其私鑰解密，將密文 c 還原出明文 m。一個關鍵的問題是，步驟

四中利用私鑰(p,q)找到的「解密鑰匙」d，是否真能保證在步驟五中將密文

c 還原出正確的明文 m？答案是肯定的。不過若要對此一事實給出嚴謹的

證明，需要動用初等數論中的工具，例如費馬小定理，由於牽涉到較多技

術上的細節，此處不擬詳述14。 

另外一個不可忽視的議題，在於 RSA 公鑰密碼演算法的安全性。假設

現在神盾局也意圖解譯出明文 m，其所能獲取的資訊包括公鑰 n、e 與密文

c，請問是否足以成事？ 

破解密文的關鍵，顯然在於能否找出演算法步驟四中的「解密鑰匙」d，

而為了找到解密鑰匙，神盾局必須知道 p 與 q，換句話說，必須將 n 做因

數分解。範例中 n=69，很容易看出69 = 3 × 23。倘若韓特選取的 p 與 q

非常大，使因數分解 n 所需的時間足夠長，長到超過密碼訊息的時效性，

則這樣的密碼傳遞即可視為安全的。 

例如 1977 年時，科學美國人雜誌(Scientific American)的數學遊戲專欄

在介紹了 RSA 演算法後，向讀者提出一項挑戰：請依據公鑰(n,e)解譯密文

c，其中 

n = 

114381625757888867669235779976146612010218296721242362562561842935706

935245733897830597123563958705058989075147599290026879543541； 

e = 9007； 

c =  

                                                 
14 密碼學的基礎與數論息息相關，不少密碼學家也同時身兼數論學者。有興趣深入密碼學領域的讀者，可

參閱 Koblitz(1994)，Hoffstein, Pipher, and Silverman (2014)，Parr and Pelzl (2010)，其中 Parr and Pelzl (2010)

是極佳的密碼學入門書籍，Hoffstein, Pipher, and Silverman (2014)用到的數學較多，Koblitz(1994)則是一本

經典之作。 
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968696137546220614771409222543558829057599911245743198746951209308162

98225145708356931476622883989628013391990551829945157815154； 

以 1977 年時的知識與技術水準，估計因數分解 n 需要 40000000000000000

年的時間才能完成，因此該專欄提供美金 100 元給任何 1982 年 4 月 1 日

前破解密文的人，應該頗為安全。由於因數分解技巧與電腦科技的精進超

出預期，密碼在 17 年後的 1994 年遭到破解，解密的過程共花了七個月，

將這個 129 位數分解為 

p = 

3490529510847650949147849619903898133417764638493387843990820577； 

q = 

32769132993266709549961988190834461413177642967992942539798288533； 

最後得到明文訊息 

m = 

200805001301070903002315180419000118050019172105011309190800151919090

618010705； 

轉譯成英文(其中 00=空白)就是 

the magic words are squeamish ossifrage  

在這裡對傳統密碼術與現代密碼術稍事整理以資比較。傳統的密碼術

是這樣的：一、加密方選擇某一種加密規則，對資訊加密；二、解密方使

用同一種規則，對資訊解密。現代的非對稱密碼術其方法則是：一、解密

方生成一對密鑰，即公鑰和私鑰，公鑰可以公開，私鑰則須保密；二、加

密方獲取解密方的公鑰，利用公鑰為資訊加密；三、解密方得到加密的資

訊後，利用私鑰解密。 
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接下來我們要介紹，對於在匿名網路上傳遞訊息極為重要的數位簽署。

上例中由慕德以公鑰加密，再由韓特以私鑰解密的過程，其實可以逆轉，

也就是由韓特先以私鑰加密，再由慕德以公鑰解密。這個 RSA 演算法的逆

過程，為數位簽署的問題提供了解答。 

數位簽署遭遇的主要困難，在於簽名的「不可複製性」難以解決。讓

我們暫時換個場景，現在假設韓特必須確認某一情報的真(T)偽(F)回覆慕

德，如果慕德收到的訊息是「T」，他如何確定這個訊息是由韓特所發出，

而不是由敵人所偽發的假訊息？倘若他們之間用傳統的紙筆溝通，則韓特

可在信紙上簽名。簽名當然有被偽造的可能，而當訊息以數位傳輸時這個

問題更大。一個解決方法是這樣的：韓特先以私鑰將訊息明文「T」加密

成「簽署文」，然後將明文與簽署文同時發送給慕德，慕德依據公鑰解密

簽署文，如果解密的結果與明文一致，則慕德可相信這則訊息是由韓特所

發。這裡看不到真正的「簽名」，數位簽署演算法中的「不可複製性」完

全彰顯在單向函數的逆方向。 

這裡稍微做個歸納。如果韓特要發出一個訊息給慕德，他希望讓慕德

確認這條訊息是自己發出的，但又不想讓第三人得知訊息的內容，則韓特

的可行作法如下：首先，韓特先用自己的私鑰替訊息做第一層加密；接著，

韓特對經過第一層加密的訊息用慕德的公鑰做第二層加密。第一層加密的

目的是證明這個訊息確實是韓特發出的，因為只有韓特的私鑰能完成這樣

的加密；第二層加密的目的是確保訊息只有慕德讀得到，因為只有慕德的

私鑰能為第二層解密。慕德收到密文後，以相反的順序做兩次解密即可：

先用自己的私鑰解密收到的資訊，然後用韓特的公鑰再解密一次。有了這

樣的技術保障，即使在匿名的網路環境中，也不必再顧慮通訊的安全性。 

最後要補充說明的是，RSA 演算法選取的單向函數是(大整數的)因數

分解，隨著公鑰密碼學的發展，其他單項函數次第出現。目前以橢圓曲線



33 

 

密碼術15(Elliptic Curve Cryptography, ECC)安全性較高，其單向函數由橢圓

曲線而來，這是數論中一個歷史悠久的分支。ECC 的主要優勢，是在某些

情況下比其他方法(例如 RSA)使用更小的密鑰就能提供相當等級的安全

性。依據美國國家標準與技術局的設定，對於最小密鑰長度的要求，RSA

是 1024 位，ECC 只需 160 位。著名的比特幣也是以 ECC 技術加密。 

二、公鑰密碼學在區塊鏈的應用 

接下來我們以比特幣為例，說明區塊鏈的運作，並可看出公鑰密碼學

居中扮演的角色。 

首次使用比特幣時須先下載用戶端，可選擇不同種類的錢包軟體，安

裝後首次運行時，需要花費一段較長時間進行資料同步，此時會下載比特

幣有史以來的所有交易紀錄。資料同步完畢後，「餘額」和「未確認」項

顯示的就是最新資料。切換到「接收」功能表，會看到軟體自動生成的一

個位址，看起來像一長串亂碼般的字元，這就是「收款帳號」。每個比特

幣位址的金額及其變化是公開的，也就是每個用戶端都可以看到，因此如

果希望保密或區分不同的付款人，可以為每個人甚至每筆交易單獨生成一

個位址並提供給對方。每個人可以為自己創建任意數量的帳戶。 

比特幣的位址與一般的銀行帳號有什麼不同呢？事實上，比特幣位址

就是以非對稱密碼技術產生的公鑰，而和公鑰對應的私鑰就藏在錢包檔裡。

因為公鑰和私鑰必須成對生成，所以比特幣位址無法任意設定。依據公鑰

公開、私鑰保密的原理，比特幣位址可以公告周知，但錢包檔則須妥善保

管。 

比特幣體系不存在現金，所有的價值轉移都需透過帳戶進行，因此比

特幣的支付概念類似於銀行轉帳，可是比特幣體系中又不存在任何類似金

融機構的角色，如何建立「信任」就成了問題。比特幣體系對此問題的解

                                                 
15 可參閱 Koblitz(1994)或 Washington(2008)，Koblitz 本人即是橢圓曲線密碼術的發明者。 
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決方法是這樣的：假設韓特要轉帳給慕德一個比特幣，韓特便寫下一則聲

明，表示從其位址轉帳一個比特幣到慕德的位址，然後用自己錢包檔裡的

私鑰加密，再將加密後的訊息傳播到整個比特幣網路上。網路上的人都有

韓特的位址(也就是韓特的公鑰)，因此任何人都可用其位址解密，驗證這

條訊息確實是韓特所發出。接下來，透過歷史交易資料(每個人在下載用戶

端時已將所有歷史交易資料同步，且之後會隨時間經過更新)可計算出韓特

的位址確實擁有至少一個比特幣。於是整個比特幣網路公認此筆轉帳，韓

特錢包中減少一個比特幣，慕德錢包中增加一個比特幣。而這筆交易稍後

(大約十分鐘之內)也會加入比特幣的交易紀錄塊，成為歷史交易資料的一

部分。 

前段提到「整個比特幣網路公認此筆轉帳」，這件事的細節則牽涉到比

特幣中「挖礦」的概念。比特幣的本質是一個公開的記帳系統，而挖礦的

本質就是爭奪記帳權。挖礦的工作內容，就是將過去一段時間內發生、尚

未經過網路公認的交易資訊蒐集、檢驗、確認，最後打包加密成為一個無

法被竄改的交易紀錄塊，從而成為這個比特幣網路上公認已完成的交易紀

錄，永久保存。從事挖礦工作者被暱稱為「礦工」。 

當韓特指示錢包將一個比特幣轉帳給慕德時，他就同時向整個網絡廣

播這筆待完成交易，並附上許多重要資訊，包括雙方指定的錢包位址、日

期與時間印記、以及其他訊息。每個挖礦節點(也就是電腦)的礦工都在蒐

集這類資訊，並壓縮成一加密字串，稱為「雜湊」(hash)，以便讓相對龐

大的資訊量得以縮小。依使用的雜湊演算法不同，壓縮過程會產生不同的

雜湊值。比特幣採用的演算法稱為 SHA-256，會產生總長六十四個取自數

字及字母的字元。雜湊演算法可讓礦工將同時發生的交易湊在一起，首先

礦工的軟體端接下第一筆交易的雜湊值(匯集包含在內的底層數據)，再結

合下一筆尚未雜湊化的原始交易資料，形成新的雜湊，這個雜湊值已包含

兩筆交易了，然後第三筆原始交易資料，形成新的雜湊，以此類推，不斷

將所有新進的資訊包裹成一個雜湊值，交易就是這樣被包裹到區塊鏈的關
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鍵基礎成分—區塊的。 

不斷包裹交易資訊的同時，電腦/礦工也在競爭記帳權，企圖搶先「密

封」其中一個區塊，亦即將區塊嵌入區塊鏈總帳。競爭獲勝的關鍵在於計

算力，必須快速算出新的可能區塊雜湊值，將所有數據抓到包裹一切的新

區塊編碼，然後連結到前一區塊的區塊雜湊值。勝出的區塊雜湊值必須符

合比特幣核心演算法判定為目前區塊的獲選號碼。獲勝的礦工可以獲得伴

隨這些交易而產生的交易費用，外加一筆額外的報酬。交易費用一般都是

轉出資金方提供給挖礦者的，因此不是系統新增的貨幣；額外的報酬是新

生成的比特幣(這也是爭奪記帳權被稱為「挖礦」的理由)，這就是比特幣

系統新增貨幣的方式16。 

總的來說，區塊鏈中每一筆交易產生時，都需要原本的價值擁有者進

行數位簽署認證這筆交易，驗證中的交易資料會被打包至區塊中，並透過

雜湊演算法進行記錄。數位簽署讓交易產生了可驗證性，雜湊演算法則提

升了交易的偽造難度，也成就了區塊鏈的安全基礎。 

  

                                                 
16 比特幣的數量控制機制與此額外報酬有關。依據比特幣系統的設置，大約每十分鐘可以產生一個交易紀

錄塊，最初每生產一個交易紀錄塊可獲得五十個比特幣的額外報酬，但是該報酬每隔四年會減半，最終整

個系統中頂多只會有兩千一百萬個比特幣。 
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第三節 區塊鏈的特色 

區塊鏈的特色，包括「去中心化」、「加密安全性」、「不可竄改性」、「可

追蹤性」等等，其中「去中心化」堪稱區塊鏈最為核心的特性。 

簡述「去中心化」的意思，就是不存在主導一切的個人或機構，而是

由集體參與者共享決定權。有別於過往常見的「伺服器架構」，所有資訊

都儲存在伺服器上，使用者通過伺服器傳遞交流資訊，區塊鏈採取的是

「P2P 架構」，或稱「點對點架構」。在 P2P 架構中，伺服器並非必要，透

過網路連接的每部電腦都是獨立個體，稱為「節點」，某個節點發出的資

訊可以被其他所有節點接收。 

從「去中心化」衍生出的關鍵一點在於，整個系統裡沒有任何一個人

擁有唯一決定權，這意味著沒有人可以單獨在這個系統中竄改帳簿或修改

規則，因為個別的更動會被整個網路否決。除非能夠同時控制整個系統中

超過 51%的節點(這在比特幣體系中稱為 51%攻擊)，否則單個節點上對資

料庫的修改是無效的，也無法影響其他節點上的資料內容。因此雖然理論

上可以更改資料，但在區塊鏈的環境下，交易一旦驗證確認完成後，數據

篡改的難度和代價將會相當龐大，這也導致了區塊鏈的「不可竄改性」，

從而提升交易資料的可信任度。 

在比特幣的體系中，每個節點都掌握完整的帳本，因此每個節點都可

以獨立統計出比特幣有史以來每個帳號的每一筆流動，也能算出每一個帳

號當前的餘額是多少。區塊鏈將所有的交易紀錄存放在多個節點，去中心

化的資料留存方式讓買賣雙方得以隨時追溯交易歷史，提升資訊透明度，

降低偽幣流通的風險，這也就確保了區塊鏈上價值交換的「可追蹤性」。 

在一般的商業銀行系統中，我們只知道自己的交易紀錄和帳戶餘額，

而在區塊鏈網絡裡，每個人可以知道任何人的交易紀錄。比特幣是分散式

系統，新的區塊將寫入分散式帳本，所有節點的帳本將同時更新，所有節
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點依然共用完全一致的帳本。每個節點因預先設定的協議而生成，也是由

協議約束而參與到執行環節，準確的承載著資料和資訊。在這個系統裡，

若有任何事情發生錯誤，是沒有客服人員可以幫忙的。區塊鏈不是建構在

信任情感上，其可靠性是透過特殊的數學函數和程式碼達到的，也就是所

謂的「加密安全性」。 

基於上述的這些特性，區塊鏈能夠解決的問題包括：第一、在大家互

不相識的情況下建立信用機制；第二、改善中心化導致的非技術方面成本

過高的缺點，包括管理成本、組織架構的佈建等；第三、能使資訊真實透

明可追溯，便於核對與審計，可以提高效率，但同時保護客戶的隱私；第

四、記錄有時間序列的資料，例如交易確認、版權登記等。 

使用區塊鏈技術有幾個相當顯著的好處，例如在集中式的管理環境中，

交易的正確性皆由中央控管單位負責，而在分散式帳本的去中心化環境下，

區塊鏈讓每個擁有交易紀錄的節點，以多數決的方式取得資料正確性的共

識。共識決機制牽涉到每個節點的存放資料，就結果而言降低了中央控管

單位因資安事故導致金融詐欺事件的風險。 

其他的優點還包括：使用者可完全控制自己的資產，沒有第三方機構

組織保管或限制使用。交易成本非常低，讓小額支付(micropayments)得以

實現。財產可以在幾分鐘內就完成轉移，交易紀錄可以在短時間內獲得保

障。任何人可以在任何時間驗證每個交易紀錄，亦即區塊鏈具有高透明度。

應用區塊鏈技術可以打造任何去中心化的應用軟體，它可以安全管理和傳

送資料。 

對於金融機構來說，區塊鏈至少帶來下列幾項商機。第一、數位貨幣：

將可大幅降低銀行間清算、結算和法遵、審計成本，並催生更多創新應用

場景。第二、跨境支付與結算：降低跨境支付與結算的交易成本，提供營

利空間。第三、供應鏈金融：簡化、自動化流程，降低成本並優化客戶體

驗。第四、證券發行與交易：取代人工作業、提升交易結算效率、重置融
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資交易流程。 

當然也有一些挑戰需要克服，例如交易紀錄都是匿名的，一方面雖然

保障了用戶的隱私，另一方面卻使管制機構無法追蹤非法的交易行為。另

外區塊鏈上的虛擬貨幣(例如比特幣)非常不穩定，在市場上不容易取得且

需求劇烈變化，導致價格很容易受到虛擬貨幣市場的突發事件影響。 

以目前的情況而言，區塊鏈技術還處於起步階段，但由於各方相繼投

入大量資源研發此一新興技術，我們可以樂觀預期，接下來應該持續會有

技術革新促使區塊鏈更為安全穩定。下一章我們先來檢視目前主要國家在

區塊鏈技術發展與應用的現況。 
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第三章 區塊鏈在主要國家金融產業的運用經驗 

如前面章節所述，區塊鏈概念原自密碼學，某種程度上代表以 P2P 為

基礎的去中心化體系，正如一套中立的電腦系統般，能在安全的前提下自

動化進行交易，創造可靠且不容易刪改的數位交易記錄，並提供稽核、監

管和所有權轉移，可說是可程式化的金融服務。 

雖說區塊鏈在 FinTech 領域相對而言是新技術，近兩年才在歐美與亞

洲國家陸續出現在金融實務界之應用，或者正式宣示區塊鏈金融之重要性。

然而，區塊鏈的技術或概念在數年前已透過比特幣的話題而逐漸廣為人知。

早在 1998 年，Wei Dai 發表文章闡述一種具有匿名與分散式特點的電子現

金系統，將其命名為「b-money」；2008 年 10 月中本聰（Satoshi Nakamoto，

日本經常譯為中本哲史）在一個密碼學網站 metzdowd.com 的郵件組列表

中發表一篇論文，描述如何建立一套去中心化的比特幣電子現金系統；到

了 2009 年 1 月 3 日，中本聰開創比特幣 P2P 開源使用者群組之節點和雜

湊函數(Hash Function，亦稱雜湊演算法)系統，其對等網路和第一個區塊

鏈同時開始執行，同時也發行史上最早的 50個比特幣。2012年 10月，BitPay

發行報告表示，已有超過一千家商家透過其支付系統來接受比特幣的付款。

因此，稱呼比特幣是區塊鏈技術在金融支付領域最早的實際應用實不為

過。 

當然，除了比特幣外，區塊鏈概念近來在金融實務上已有不少應用，

不少金融科技公司應運而生，諸如 Chain、Ripple 與 DAH(Digital Asset 

Holdings)等，並在各自領域有所擅場，且成功吸引許多創投基金、金融機

構甚至老牌科技公司投入資金，例如 Andreessen Horowitz、花旗集團與 IBM

等，為簡化說明，茲將這些金融科技公司與其資金來源整理如【表 3-1】

所示。 
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【表 3-1】區塊鏈技術公司與其主要投資資金來源 

公司 主要業務 資金來源 

Blockstream 區塊鏈與側鏈

(Sidechain)開發 

Reid Hoffman、Khosla Ventures、Real 

Ventures 等 40 家金融機構 

Chain 區塊鏈底層技

術、應用開發與

諮詢 

Khosla Ventures、RRE Ventures、

Thrive Capital 

Circle 數位貨幣發行技

術支援、電子錢

包應用 

Breyer Capital、International Data 

Group (IDG) 

DAH(Digital 

Asset Holdings) 

基於區塊鏈的數

位化證券發行與

交易 

Citigroup、CME Group、IBM、JP 

Morgan 

Ripple 跨境支付與結算 Andreessen Horowitz、IDG 

資料來源：麥肯錫、CrunchBase，本研究整理 

區塊鏈發展技術並非僅是金融科技公司的事情，金融機構亦不可能讓

金融科技公司專美於前。是以面對金融科技的潮流以及區塊鏈技術的創新

發展，世界主要金融機構業已採取相應措施。然則各家採取的策略不一，

根據麥肯錫 2016 年的報告，大致可歸類為以下三類：(一)聯合其他同業組

建區塊鏈聯盟，制訂行業標準，例如 R3 CEV 集結超過 40 家跨國金融機構

建立行業監管及相應的技術標準；(二)結合金融科技公司，發展核心業務

的區塊鏈應用，諸如 Visa 及 Capital One 各自透過戰略投資金融科技公司，

掌握區塊鏈技術帶來的業務機會；(三)銀行內部自行推動局部領域的應用，

快速實施試驗計畫，例如 UBS、花旗集團、德意志銀行、法國巴黎銀行與

英國巴克萊銀行皆自行設立區塊鏈實驗室，研發或透過與金融科技公司的

合作，針對不同的應用環境進行測試。 

話說回頭，就地域別觀察目前全球的區塊鏈發展狀況，區塊鏈投資主

要集中在北美、歐洲，台灣所在的亞洲則排名第三，並且以新加坡、日本
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與中國大陸為主。為供國內金融業者與主管機關借鏡參考，本研究特別蒐

集相關重要發展案例於本章。 

第一節 區塊鏈在歐洲金融業之發展與應用 

區塊鏈技術在歐洲金融業的發展可說相當蓬勃，除了商業銀行業者外，

保險公司、外匯交易商，甚至中央銀行都投入發展，值得我們參考。 

一、瑞士銀行等 

瑞士銀行（UBS）在區塊鏈的發展可說是歐洲銀行業的先行者之一，

該行於倫敦成立「Crypto 2.0」團隊，從事區塊鏈技術研究，宣稱已經開發

出區塊鏈技術在 20 多種用途上，並開發出「智慧債券」(Smart Bond)。此

外，該行除了在倫敦自行設立實驗室研究開發區塊鏈技術外，也聯合德意

志銀行(Deutsche Bank)、西班牙桑坦德銀行（Banco Santander）與紐約梅

隆銀行（BNY Mellon）等其他三家大銀行籌組聯盟開發新數位貨幣，期盼

未來將成為業界標準，金融業者可藉由區塊鏈技術進行交易清算與交割，

並擬向多國央行推廣此構想，目標在 2018 年初進入商業市場。 

本次率先開發的「結算專用幣」（Utility Settlement Coin）的瑞士銀行，

聯手三大銀行與同樣位於歐洲的電子經紀商毅聯匯業(ICAP)，共同發展數

位貨幣系統，這也是銀行業在區塊鏈技術最具體合作案例之一，主要意義

在於大型銀行首次聯手就一種具體的區塊鏈技術進行合作，以充分利用分

散化的計算機網絡的威力，提高金融市場運作效率。結算專用幣係基於由

Clearmatics Technologies 研發的一種解決方案，可讓金融機構購買債券、

股票等證券，無須等待轉帳程式完成，反之可直接在央行將數位貨幣轉換

為現金，節省交易後清算交割的時間與成本。 

對此，合作方之一的桑坦德銀行研發與創新部門主管 Julio Faura表示，

「目前銀行與機構之間的交易流程不但困難、耗時且耗費成本，這也是我

們都擁有龐大內勤辦公室的原因」。他認為，最新技術可簡化流程與提高
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效率。該行曾公開表示如果全世界的銀行內部若都使用區塊鏈技術，到

2020 年每年約省下 200 億美元的成本。 

UBS 金融科技創新部門主管 Hyder Jaffrey 指出，專案團隊擬於 2017

年尋求監管機關和央行的許可，目標是在 2018 年初在有限度且低風險的

前提下導入商業使用。 

二、德國安聯集團 

德國保險業巨擘安聯（Allianz）宣布成功運用基於區塊鏈的智慧合約

處理巨災互換和債券交易17，並認為該技術能夠促進金融工具的市場化。

該公司之所以導入此一技術，係因為重大災害之後保險公司和投資者之間

的理賠申請往往拖延數週甚至數月，而使用智慧合約技術可能將流程縮短

到數小時之內。安聯此次的導入是結合投資管理公司 Nephila 合作進行技

術測試，顯示用區塊鏈智慧合約可以顯著加速和簡化保險公司與投資者之

間的交易處理和資金結算。此外，Nephila 指出該技術測試的其他好處，包

括增加掉期的市場化和把智慧合約用於其他保險交易的機會。除此之外，

安聯風險轉移（Risk Transfer）部門的首席保險長 Richard Boyd 表示：「區

塊鏈技術可以增加巨災互換和巨災債券的可靠性、可控性、速度，因為它

減少了中間商確定投資者交易和支付合法性過程中的手動操作、驗證、審

核」。安聯此舉的主要目的正是在於透過替換存在於全部流程的手動操作，

避免延遲和人為錯誤風險。此一案例的重要意義和啟發在於安聯是近幾個

月內宣布探索區塊鏈技術的國際大型保險公司。 

 

三、荷蘭中央銀行與銀行業者的努力 

荷蘭中央銀行（De Nederlandsche Bank，‬‬‬DNB）在區塊鏈的潮流中也

不缺席，已經加入區塊鏈的布局之中。該行‬在年報上宣布要發展屬於自己

                                                 
17 巨災互換（Catastrophe Swap，CAT swaps）和債券是一種交易工具，能讓保險公司按照預先約定的觸發

條件規避重大災難造成的潛在損失。 
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版本的數位貨幣--DNBcoin‬。除發行數位貨幣 DNBcoin 外，荷蘭央行也直

接參與區塊鏈的研發，還自行成立工作小組，推動幾起大型區塊鏈實驗。

另外，荷蘭央行也於 2016 年 9 月成立區塊鏈園區。‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬ 

除了荷蘭中央銀行外，民營的荷蘭銀行（ABN Amro）本身除了是 Linux

基金會領導的 Hyperledger 專案聯盟以及 R3 聯盟的成員，也是區塊鏈金融

科技公司 DAH 的投資者，該公司已宣布與位於南荷蘭的代爾夫特理工大

學合作，將在該大學的區塊鏈實驗室內共同開發應用程式。雙方公開表示，

他們的目標是希望能夠創建可靠且適當地處理大量數據和大量用戶的系

統，並著眼於在未來六個月內創建工作應用程式。此外，荷蘭銀行員工將

參加該大學舉辦的研討會和講習班，以便促進銀行工作人員對區塊鏈技術

的認知。 

除了前述案例外，德國的德意志銀行及英國的巴克萊銀行也都自行成

立區塊鏈實驗室，自行研發或透過金融科技公司的協助，針對不同的業務

應用場景進行研發探索。在世界上所有央行之中，英國央行(Bank of 

England)可說是相當積極進行區塊鏈技術的研究與探索。為了維護英國金

融系統穩定，即時支付結算系統是提供英國央行英鎊儲備的平台，為銀行

間交易提供安全的最終結算手段，2016 年英國央行正在計劃創造未來新一

代即時(Real-time)支付清算系統的新願景，傳統商業銀行面臨新的異業競

爭對手，以及隨著新技術興起出現的機會，即時支付清算系統服務必須能

夠應對金融體系結構的各種變化，而區塊鏈分布式帳簿對維護銀行金融穩

定來說十分具有吸引力但仍不夠成熟，英國央行目前積極研究分布式帳簿

平台面臨的隱私、安全、互操作性、可伸縮性和可持續性問題。 

英國銀行業龍頭巴克萊銀行是區塊鏈領域創新領導者，也是首家實驗

Corda 平台（R3CEV 區塊鏈聯盟的新分布式帳本平台）的機構，其與以色

列新創公司 Wave 合作完成全球第一筆用區塊鏈技術結算的貿易，此次第

一筆交易取代的銀行結算方式是信用狀及 SWIFT，通常採用信用狀方式做
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此類結算需要 7 到 10 天，但運用區塊鏈技術貿易結算僅用不到 4 小時就

完成，效率大幅提升成本也大幅下降。這筆信用狀交易為愛爾蘭農產合作

社 Ornua（前身為愛爾蘭乳品局）價值近 10 萬美元的乳酪與奶油出口提供

擔保，保證出貨給 Seychelles 貿易公司。巴克萊銀行透過 Wave 設置區塊

鏈平台執行，運用 Wave 的技術完成貨運單據、保險等文件的數位加密簽

章，創下以區塊鏈技術完成貿易雙方之間實際信用狀交易的全球首例。 

2016 年 2 月英國新創事業  Electron 也加入區塊鏈電業應用的行列。

英國能源管理機構 Ofgem 提出建立中央集中資料註冊機制的計畫，改善

過去英國電錶沒有中央註冊機制，若是用戶要攜電錶轉換電力公司，往往

要花上 17~20 天的處理流程時間的問題，並希望 2019 年前能應用區塊鏈

機制來建立註冊資料以及進行轉換作業，可節省建置大型集中資料中心來

記錄所有的電錶資訊的龐大經費，讓用戶能達到隔日就能轉換完成的目標，

用戶攜錶更換電力公司只要幾分鐘時間。這也可應用於瓦斯錶與瓦斯公司。

區塊鏈還可整合電錶用來支援需求反應服務，或是用戶與用戶之間的電力

交易，Electron 看好高度發展潛力，將免費提供區塊鏈平台給電力公司，

當平台建立後，Electron 可發展無數衍生應用商品。Electron 接受英國政

府創新獎勵已建立一個模擬資料系統測試其區塊鏈平台建置區塊鏈攜錶

轉換系統，目前尚在商業化模式轉換當中，小型電力公司對爭取客戶攜錶

轉換有興趣，大型電力公司則著眼於衍生應用。 

2016 年德國央行創建一個新的證券交易區塊鏈商品雛形。該商品由德

國央行和德國證券交易所共同開發，目前已進行進一步的測試。德國證券

交易所是超級帳本 Hyperledger 聯盟的成員，該原型產品能夠完成電子證

券和數字貨幣的轉帳、息票付款和證券贖回，德國機電大廠西門子（Siemens）

西門子與紐約新創事業 LO3 Energy 合作將區塊鏈技術應用於微電網電

力交易市場。 
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第二節 區塊鏈在美洲金融業之發展與應用 

如前所述，美洲是區塊鏈技術在金融應用比較領先的地區，因此有不

少案例可以提出參考。本研究在此主要列出區塊鏈技術在北美資本市場的

應用，以及投資銀行如何在資產交易與外匯市場應用區塊鏈技術。此外，

討論兩個跨國區塊鏈聯盟—R3 以及 Hyperledger 的發展18，希望能帶給台

灣金融業者參考與啟發價值。 

一、區塊鏈在美國 NASDAQ 的應用 

區塊鏈技術在金融業的應用中並不僅限於銀行業，其高度安全性也引

起交易所產業的重視，是以美國 NASDAQ 在這區塊鏈的潮流中也沒有缺

席，在 2015 年 12 月 30 日宣布與金融創新機構 Chain.com 合作，採用區塊

鏈技術打造新交易平台 Linq，這是第一個透過區塊鏈平台進行數位化證券

產品管理的 Pre-IPO 系統平台，隨後在 Linq 首次成功交易一檔個股。這種

創新的交易能夠記錄每筆交易流向，從此金融交易將公開透明、降低成本。

其交割結算時間從三天大幅降低至十分鐘，交割風險大幅降低 99%，同時

也減少交易所為了維護交割安全而付出的龐大資本支出。更甚者，買賣雙

方可自行交易，去除中間人(Dealer 或 Specialist)的作用，行之有年的人工

撮合制度可能因此走入歷史。 

此種交易還有幾個重要的意義，對於股票交易者而言，區塊鏈可以消

除對基於紙筆或者電子表格的記錄依賴的需求，減少交易造成的人為作業

疏失，提高交易平台的透明度和可追蹤性；對發行股票的公司而言，Linq

實現了更佳的管理股票數據功能，讓 NASDAQ 在私募股權市場中為創業

者和風險投資者提供更好的服務。此外，NASDAQ 亦將採用區塊鏈技術為

上市公司提供股東電子投票服務，由於北歐的愛沙尼亞擁有國民電子身分

系統因此當地公司將率先採用。 

                                                 
18 平心而論，此兩聯盟成員並非僅限於美洲金融機構，然而考量其主要發起者多在美國，故就地域別將其

歸類在美洲區域。 
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二、Overstock 的應用 

美國證券交易委員會（Securities and Exchange Commission，SEC）也

在 2015 年 12 月通過 Overstock 用區塊鏈發行股票19，目前至少已有五家企

業透過該區塊鏈平台發行股票。在此之前，Overstock 已經使用區塊鏈來發

行私募債券，這種交易概念上類似 NASDAQ 的交易平台 Linq，不需要獲

得金融監管部門的批准20。SEC 批准 Overstock 利用同樣的方式來發行公開

證券，可以透過區塊鏈技術發行股票以免去中間人的成本。 

雖說區塊鏈技術潛在市場龐大，但 Overstock 也在向 SEC 申請允許以

區塊鏈技術發行證券之文件中，明確指出其選擇將公司訊息儲存在任何人

皆可查閱之公開區塊鏈，可能導致個人對其隱私安全的疑慮。即便有此風

險，仍認為區塊鏈技術應用於發行證券，將有助完善證券市場交易環境，

透過區塊鏈技術，將可紀錄所有交易，從中減少中間人控制市場的空間，

並減少賣空之套利行為。 

三、高盛集團導入區塊鏈 

美國著名投資銀行集團--高盛集團（Goldman Sachs）在 2015 年 11 月

替旗下的區塊鏈技術結算系統「SETLCoin」申請專利。SETLcoin 是一種

多資產的數位貨幣，適合各種不同資產的交易，包含股票、債券以及現金。

前述的交易資產可以轉換成等值的 SETLcoin 資產，並且可以在 P2P 錢包

系統上進行交易。該公司申請專利的文件載明，「交易者使用他們各自錢

包中的相關資金，透過一個開放的交易，並且使用所描述的技術來交易證

券。SETLcoin 的所有權在確認和驗證後，將被即時轉移給新的所有者，這

是基於點對點網路系統中的網路帳本，能夠確保可以準確且即時地執行」。

顯而易見的是，為了讓這種系統得以運作，交易雙方都須擁有 SETLcoin

錢包和 SETLcoin 軟體來下達交易指令，然而不要求必須是同一種貨幣。

                                                 
19 據 Overstock 提供的公開檔案顯示，SEC 已經批准其 Form S-3 申請，允許 Overstock 透過區塊鏈技術公

開發行股票。 
20 Overstock 早在 2014 年 4 月發起一個 tØ .com 平台幫助投資者進行股權交易和結算。 
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其意義在於如同法定貨幣一樣，如果想要達成交易，交易雙方都要相信所

使用的這種貨幣，並承認該貨幣的價值。 

除此之外，高盛集團進一步希望使用區塊鏈技術來取代傳統外匯市場

交易機制，據美國專利商標局(The United States Patent and Trademark Office，

USPTO)於 2016 年 9 月 8 日透露訊息，高盛已經提出相關專利申請文件。

高盛在申請專利文件中列舉目前外匯交易方式所面臨的問題，以及加密貨

幣存在的問題。高盛表示外匯市場中的金融交易會產生大量結算風險，一

般包括兩個部分。就加密貨幣而言，高盛提到了比特幣和瑞波幣（Ripple 

Credit），並解釋稱二者透過使用不易歸咎於現實中具體一方的任意帳號

隱藏了某一方的身份，然而大型的金融機構（如中央銀行）往往因為交易

的規模和數量過大，可能會向市場參與者洩露其身份而無法依賴它們。第

二個部分在於它們缺少可以協助監管者進行反洗錢的身份檢查。高盛在申

請文件上表示：「就其本身而言，需要有能夠像比特幣和瑞波幣一樣迅速

處理交易的新系統和方法，且不會犧牲參與方的隱私」。當然，區塊鏈在

北美的發展並不僅限於高盛集團，不讓高盛專美於前，美國銀行在 2015

年下半年也向 USPTO 申請 10 項與區塊鍊技術相關專利。 

四、R3 聯盟 

討論區塊鏈在金融業的實際運用，就不得不提到目前凝聚最多(金融)

機構、勢力最為龐大的--R3，該聯盟為一跨國際組織，在紐約和倫敦等地

設有據點，團隊營運肇始於 2015 年 9 月的紐約 R3 CEV 公司，主要致力於

為銀行業者提供探索區塊鏈技術的管道以及建立區塊鏈概念性產品，會員

銀行將共同研發區塊鏈技術，開發全球金融服務業的新商業應用，並建立

一致的標準和協定，讓區塊鏈技術更能被廣泛採用，提升整個網路之間的

影響力，技術人員來自 IBM、巴克萊銀行、Google 與微軟等公司。其創辦

人 David Rutter 曾公開表示，R3 是金融市場加密與交易的創業實踐，將專

注於開發一個能將區塊鏈技術應用於金融市場的架構。目前該聯盟的成員
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已經自最初的巴克萊銀行、西班牙對外銀行、澳洲聯邦銀行、瑞士瑞信銀

行、高盛、美國摩根大通銀行、蘇格蘭皇家銀行、美國道富銀行與瑞士銀

行等九家創始銀行，經過幾次的擴充成員，擴大到目前的五十多家金融機

構，聯盟成員及加入日期如【表 3-2-1】所示21。吾人可以觀察到從 2016

年 6 月開始，加入的金融機構就不是僅限銀行業者了，關於此點，業者曾

表示對此一聯盟還會不會繼續擴大的疑慮，R3 表示，其允許銀行加入的「初

始視窗」已先關閉，2016 年開始，聯盟將尋求與非銀行金融機構和團體合

作，希望區塊鏈聯盟能吸引更多不同產業共同參與。 

  

                                                 
21 有趣的是，俄羅斯最大的銀行 Sberbank 在 2015 年 12 月宣稱要加入 R3，卻沒出現在最新的會員名單中。 
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【表 3-2-1】 R3CEV 聯盟成員與加入日期 

日期 成員 

2015/9/15 巴克萊銀行、西班牙對外銀行、澳洲聯邦銀行、瑞士瑞信銀

行、高盛、美國摩根大通銀行、蘇格蘭皇家銀行、美國道富

銀行、瑞士銀行等九家 

2015/9/29 美國銀行、紐約梅隆銀行、花旗銀行、德國商業銀行、德意

志銀行、滙豐銀行、三菱日聯金融集團、摩根士丹利銀行、

澳洲國民銀行、加拿大皇家銀行、瑞典北歐斯安銀行、法國

興業銀行、多倫多道明銀行等十三家 

2015/10/28 日本瑞穗銀行、北歐聯合銀行、義大利裕信銀行等三家 

2015/11/19 法國巴黎銀行、加拿大帝國商業銀行、荷蘭安智銀行、麥格

理銀行、富國銀行等五家 

2015/12/17 加拿大滿地可銀行、丹麥丹斯克銀行、義大利聯合聖保羅銀

行、法國外貿銀行、日本野村銀行、北方信託、芬蘭 OP 金

融集團、桑坦德銀行(西班牙國家銀行)、加拿大豐業銀行、

日本三井住友銀行、美國合眾銀行、澳大利亞西太平洋銀行

等十二家 

2016/4/25 日本 SBI 金融集團、南韓韓亞銀行、巴西伊陶銀行(Bank Itau)

等三家 

2016/5/24 中國平安集團 

2016/6/3 友邦保險(AIA) 

2016/6/23 日本豐田金融服務 

2016/8/31 美國大都會人壽 

資料來源：維基百科、R3CEV 網站，本研究整理 

值得一提的是，我國銀行業者--中國信託銀行也在 2016 年 10 月 12 日

宣布啟動區塊鏈發展計畫，加入 R3 聯盟，成為台灣首家 R3 聯盟會員。

R3 聯盟創始人暨執行長 David Rutter 也表示，中信銀加入 R3 聯盟，是 R3

聯盟拓展亞洲市場的重要里程碑，十分期待雙方共同合作開發真正跨國界

的國際區塊鏈應用。 
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R3 聯盟為金融機構創建可在安全環境下彼此合作的開發平台，目前已

協助會員銀行完成多項區塊鏈的實驗專案。具體言之，2016 年 3 月 3 日，

R3 宣布其 40 家銀行成員已經測試五種不同的區塊鏈技術，用於發行、交

易和贖回固定收益產品。這被認為是區塊鏈技術在金融市場中最大的一次

真實試驗。R3 公司嘗試的五種分散式帳本分別由 Chain、Eris Industries、

Ethereum(以太坊)、IBM 和 Intel 這五家公司提供，這幾家公司目前都在開

發開源專案或為企業研究這類技術。 

以跨境匯款業務而言，R3 聯盟已成功測試將過去須透過中間行確認，

歷經結算、電文交付與換匯等過程的匯款時間，從以往三至五天的作業時

間，縮短至三到五秒，且未來計畫應用區塊鏈技術，針對放款撥貸與保險

理賠等項目創造更多金融革新。 

此外，貿易融資業務方面，則在 2016 年 8 月由瑞士銀行、美國銀行等

15 家聯盟銀行，透過 R3 聯盟進行開發的區塊鏈技術平台 Corda，以無紙

化的作業程序完成 Corda 分散式分類帳技術的應用測試。值得注意的是，

Corda 並非傳統的區塊鏈，而是專為金融業設計的分散式分類帳平台。不

具有一連串的 Hash 區塊（A Chain of Hash Block），也沒有像比特幣區塊

鏈般的採礦機制和礦工角色。由於 R3 發現銀行業者普遍不希望與其他機

構共用所有的交易紀錄，因此在 Corda 平台上的所有交易紀錄，即使都已

經加密，仍然不會公開給所有的參與者。Corda 主要的特徵如【表 3-2-2】

所示。簡而言之，Corda 可在受監管的金融機構之間，管理並維護金融協

議（Financial Agreements）。Corda 採用許多區塊鏈技術的優勢與特性，

同時也捨棄讓區塊鏈技術無法融進大多數金融領域的設計理念。 

【表 3-2-2】Corda 主要特徵 

1.不會公開共用不需要的數據：機構們只有在簽有協議的情況下才能合法

知道一些數據； 

2.工作流程是去中心化的，只在各個公司之間而沒有領導機構； 

3.在單個節點上 Corda 實現了一致性； 
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4.設計具備控制和監督的職能； 

5.處理過程由可關聯的節點相互交叉驗證，而不是在廣泛的範圍內納入不

相關的驗證者； 

6.支援大量機械性的場景交易； 

7.使傳統合約和智能合約無縫對接； 

8.建立在行業標準上的一個工具； 

9.沒有使用本地加密貨幣。 

資料來源：本研究整理自網際網路資料 

數位貨幣方面，則由加拿大中央銀行運用 R3 聯盟的技術，與加拿大

各家銀行共同進行，測試以區塊鏈技術發行、轉換和結算央行資產概念的

可行性。 

五、Hyperledger 

超級帳本（Hyperledger）聯盟成立於 2015 年 12 月，成立宗旨是共同

建立並維持一個跨產業且開放的分散式(Distributed)分類帳技術平台，該聯

盟係緣起於 IBM 的 Linux Foundation 於 2015 年發起的推進區塊鏈數位元

元技術和交易驗證的開源專案，乃 IBM 的 Linux 基金會聯合 30 家初始成

員（包括 IBM、Accenture、Intel、J.P. Morgan、R3、DAH、DTCC、FUJITSU、

HITACHI、SWIFT、Cisco 等）共同成立。相較於 R3 的成立比較從金融機

構的角度出發，Hyperledger的科技內涵較為濃厚，其成員除了金融機構外，

還包含科技公司與其他產業的企業，目標是讓成員合作，共建開放平台，

開發來自多個不同行業的各種應用案例。目前主要成員除荷蘭銀行(ABN 

AMRO)、Accenture、Cisco、The Depository Trust and Clearing Corporation

（美國證券集中保管結算公司，簡稱 DTCC）等，也陸續吸引許多像 R3 CEV

及 DAH 的區塊鏈聯盟及金融科技公司加入，目前共有 81 家金融、科技及

區塊鏈技術團隊，如【表 3-2-3】所示。其中也包括 13 家中國大陸的公司，

包括艾億數融科技公司、Onchain、比鄰共贏（Belink）資訊技術有限公司、

BitSE、布比以及三一重工等。  
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【表 3-2-3】Hyperledger 主要成員 

金融機構 ABN AMRO、ANZ、BNY Mellon、CME Group、Deutsche 

Börse、DTCC、Gem、itBit、J.P. Morgan、London Stock 

Exchange、SWIFT、Tequa Creek Holdings、Wells Fargo 

(金融)科技公

司 

Blockstream、Bloq、Cisco、DAH、eVue Digital Labs、

Fujitsu、IBM、Intel、Montran Labs、NEC、NTT Data、

R3、Redhat、Ribbit.me、VMWare 

其他領域機構 Accenture、Hitachi、Milligan Partners、Thomson Reuters 

資料來源：麥肯錫、Hyperledger 網頁，本研究整理 

吾人從表可知 Hyperledger 聯盟的成員中有許多知名科技公司，是以該

聯盟主要的技術來自於成員中的科技公司提出的程式碼乃毋庸置疑。進一

步說明，IBM 貢獻出數萬行已有的 Open Block Chain 程式碼，Digital Asset 

Holdings 貢獻企業和開發者相關資源，R3 貢獻新的金融交易架構，Intel

則貢獻和分散式帳本相關的程式碼。此一聯盟出現的意義，在於宣告區塊

鏈技術已不再是一個單純的開源技術，而是正式被主流機構和市場認可的

可應用技術。同時，Hyperledger 首次提出和實現的完備許可權管理、創新

的一致性演算法和可拔插的架構，對於區塊鏈相關技術和產業的發展都將

產生深遠的影響。 

目前 Hyperledger 主要有兩大子專案： 

1.fabric：包括 fabric 和 fabric-api，最早由 IBM 和 DAH 發起，目標是

區塊鏈的基礎核心平台，支援 pbft 等新的 consensus 機制，支援許可

權管理。 

2.sawtooth Lake：包括 arcade、core、dev-tools、validator、mktplace

等，是由 Intel 貢獻和主導的區塊鏈平台，支援全新的共識機制 Proof 

of Elapsed Time（PoET）。 

當然，以上專案仍處於初始的孵化（Incubation）階段。另外，專案有

幾個成員們共同約定遵守的基本原則： 
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1.重視模組化設計：包括交易、合同、一致性、身份、儲存等技術場

景。 

2.程式碼可讀性：保障新功能和模組都可以很容易添加和擴充。 

3.演化路線的可擴充性：隨著需求的深入和更多的應用環境，不斷增

加和演化新的項目。 

整個聯盟專案的模組架構如【圖 3-2-1】所示，包括三大組件：區塊

鏈服務、鏈碼服務（Chaincode）以及成員權限管理（Membership）。 

 

資料來源：Hyperledger 網頁 

【圖 3-2-1】Hyperledger 模組架構設計 

對於吾人而言，Hyperledger 的重要意義在於區塊鏈的金融科技業務不

是單純由科技公司主導或者金融業者主導，而是結合各種領域業者的專長

共同開發。其次，Hyperledger 下的部分功能已經不再是實驗室裡的概念技

術，而是準備推到市場的實務技術。更甚者，此一聯盟成員非常龐大，且

包含另一個全球性的 R3 聯盟，這更象徵開放的核心價值。 
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第三節 區塊鏈在亞洲金融業之發展與應用 

談到吾人所在的亞洲地區區塊鏈在金融方面的應用發展，似乎較歐洲

與北美洲為慢。以往亞洲的金融機構給人的印象是對比特幣和區塊鏈技術

缺乏興趣，更甚者，銀行似乎忙著對這類的數位貨幣發出警告，而非投入

相關業務。此乃有跡可尋，2014 年發生在日本東京的 Mt Gox 倒閉事件22和

中國人民銀行打擊比特幣交易，其後果便是亞洲各金融機構普遍對比特幣

產生防範心理。不過，隨著近期全球金融領域對區塊鏈技術的熱情逐漸高

漲，如同歐洲和北美的同業一般，亞洲的銀行體系也開始表現出對該項顛

覆性技術的關注。 

一、中國大陸 

在中國大陸，人民銀行副行長易綱在 2013 年 11 月表示，從人民銀行

角度，短期內不可能承認比特幣的合法性，同年 12 月 5 日人民銀行等五

個部委發布關於防範比特幣風險的通知。令人驚訝的是，人民銀行在最近

轉變先前態度，先在 2014 年成立專門的數碼貨幣研究團隊，並於 2015 年

初進一步擴充發展，研究使用區塊鏈技術去紙幣，且宣稱「已取得階段性

成果」。於 2016 年 1 月 20 日在北京召開「中國人民銀行數碼貨幣研討會」，

會議認為，發行數碼貨幣可降低傳統紙幣發行與流通的高昂成本、提升經

濟交易活動的便利性和透明度、減少洗錢及逃漏稅等違法犯罪行為，並可

提升央行對貨幣供給和貨幣流通的控制力、協助普惠金融的實現。上述各

項功能的可及性，是以區塊鏈技術為核心。換言之，人民銀行對於區塊鏈

技術應用於貨幣的去紙幣化，已經表現出不同於以往對比特幣的保留態度，

轉而予以高度肯定。 

除了人民銀行之外，2015 年 10 月 15 日全球首屆區塊鏈高峰會在上海

召開，來自中國人民銀行金融研究所、人民銀行徵信中心、上海證券交易

                                                 
22 Mt.Gox 最初由 Jed McCaled 在 2010 年 7 月建立，後來在 2011 年 3 月賣給了由 Mark Karpelese 創建的

Tibanne Co.，一度成為全球最大的比特幣交易所。於 2014 年 2 月因被駭客盜取比特幣而下線，暫停網上交

易，2014 年 2 月 28 日向東京地方法院申請破產保護。 
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所、陸金所、德勤會計事務所等全球對區塊鏈技術應用前景有興趣的專業

人士參加。中國銀聯、阿里巴巴等多家公司也陸續宣布研究區塊鏈技術在

群眾募資、P2P、證券交易等傳統金融領域的應用。 

ChinaLedger 

中國分散式總帳基礎協議聯盟(ChinaLedger)係由位於上海浦東新區陸

家嘴的萬向區塊鏈實驗室（WanXiang Blockchain Labs）於 2016 年 4 月發

起成立，當時總共有 11 家中國大陸金融機構、科技公司及研究單位參與，

金融機構裡包含區域性商品交易所、產權交易所及金融資產交易所組成，

成員如【表 3-3-1】所示，並由中國證監會所屬的中國證券業協會互聯網證

券委員會擔任專案顧問，聯盟秘書處設立在萬向區塊鏈實驗室。成立宗旨

是希望利用和改進現有的區塊鏈技術，應用在專屬中國大陸的商業環境。

如同該聯盟官網敘述，希望透過開發中國大陸的區塊鏈底層技術，使得中

國大陸擁有符合自己國情的區塊鏈底層技術，不再使用由歐美國家主導的

底層技術。在這方面，ChinaLedger 聯盟將會成為探索底層技術的重要力

量，以增加中國大陸官方、人民銀行及各金融機構在全球內的話語權，進

一步維護其國家經濟金融主權。 

【表 3-3-1】ChinaLedger 聯盟成員 

金融機構 中證機構間報價系統股份有限公司、浙江股權交易中

心、樂視金融、矩陣金融、中國印鈔造幣總公司、招銀

前海金融、瀚德金融創投、上海股權託管交易中心 

(金融)科技公

司 

通聯支付、大連飛創信息技術 

其他領域機構 萬向區塊鏈實驗室 

資料來源：ChinaLedger 聯盟網頁，本研究整理 

ChinaLedger 聯盟的主要工作任務是共同合作研究區塊鏈技術，從場外

交易切入，結合中國大陸現有政策法規和中國大陸金融行業特有的業務邏
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輯，開發區塊鏈產品使其符合中國大陸的政策法規、國家標準、業務邏輯

和使用習慣的區塊鏈技術底層協定。根據該聯盟公開資料，未來該聯盟的

底層技術協定將會是開源的，各成員可以在這個基礎協議上搭建具體的應

用場景。 

技術方面，該聯盟除中國大陸國內金融科技團隊自有技術外，尚延聘

海外技術顧問增加研發能量，諸如 UBS 集團資深創新經理 Alex Batlin、多

倫多交易所首席數位長 Anthony Di Iorio、比特幣核心開發者 Jeff Garzik 以

及乙太坊的創辦人 Vitalik Buterin，後者同時也是萬向區塊鏈實驗室的共同

創辦人，相信此一安排可確保技術來源的穩定性。 

類似其他金融業區塊鏈聯盟或組織，ChinaLedger 仍須面對交易的保密

考量和監理機關的要求，由於從既有公開資料中能夠查閱到的較為徹底的

密碼學隱私解決方案包含零知識證明、環簽名和同態加密三種，但相應的

技術方案與實際需求尚有差距。有鑑於此，ChinaLedger 在白皮書中特別

提出一種基於集中交易對手（Central Counterparty，以下簡稱 CCP）的雙

鏈隱私保護方案，協助交易與結算的進行23。換言之，可以把所有參與者

都能訪問的分散式帳本記為「鏈 A」，把只有 CCP 和監管者能訪問的分散

式帳本記為「鏈 B」。在鏈 A 上，交易指令以密文形式出現。交易發起方

將對手方資訊和交易內容資訊用自己的私密金鑰簽名，然後打包用 CCP

的公開金鑰加密，發給智能合約。所有參與人均可透過分散式帳本技術平

台，在鏈 A 上見證這一筆內容被加密的交易。如果交易是資金和資產在鏈

上對流，雙方都需提交這種格式的交易指令。CCP 用自己的私密金鑰解密

後，將明文的交易指令發到鏈B上，檢驗交易指令中發起者簽名的有效性，

並獲得鏈 B 做出的是否透支的判斷。如果透支檢查正常通過，CCP 在鏈 B

上替交易雙方完成交易後餘額的維護。上述手續完成後，CCP 在鏈 B 上生

成、在鏈 A 上向發起方發送交易確認消息。在此一雙鏈模型架構下，普通

                                                 
23 主要參考自 ChinaLedger2016 年 10 月公布的《面向中國資本市場應用的分布式總帳白皮書》。 
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參與者在鏈 A 上看不到交易的細節。如有需要，被法律賦予監管職能的監

管者方可透過開設在鏈 B 上的監管者帳戶，看到從鏈 A 發起的所有交易的

明細。 

二、新加坡星展銀行在區塊鏈的努力 

星展銀行與渣打銀行在 2015 年底宣布與金融科技公司 Ripple 合作，

將區塊鏈技術應用在供應鏈金融業務，利用智能合約及點對點跨境交易的

技術，將流程自動化並提高安全性。如果能通過區塊鏈的技術將供應鏈金

融的流程數位化並利用其公開、安全及不可篡改的特性，合作三方認為，

將能大幅度減少貿易鏈上的欺詐案件，為銀行節約數百萬美元的風險損失。

目前這一合作案正在尋求更多銀行的加入，一起測試該技術的實用性。 

除了銀行業者自身的動作外，新加坡的金融主管機關--金融管理局

(Monetary Authority of Singapore，MAS)也與星展銀行及渣打銀行在 2015

年開始聯合開發組建以區塊鏈為基礎的記錄系統，該技術將被應用在提高

進出口商及銀行在發票融資(應收帳款融資)領域的安全性和便捷性。此一

計畫苟能成功，相信對於進出口貿易暢旺且銀行貿易融資業務量龐大的新

加坡而言，有相當的貢獻性。 

值得一提的是和兩家銀行合作的 Ripple 公司，成立於美國的 Ripple 為

一家利用類區塊鏈概念發展跨境結算的金融科技公司，Ripple 正式成立於 

2012 年，當時多數公司還只專注在比特幣協議，Ripple 在區塊鏈技術上沒

有競爭對手，它建構出一個沒有中央節點的分散式支付網路，希望提供一

個能取代現行 SWIFT(環球同業銀行金融電訊協會)網路的跨境轉帳平台，

打造全球統一網路金融傳輸協議。Ripple 的跨帳本協議(Inter Ledger 

Protocol)可說是讓參與協議的各方都能看到同樣內容的一套帳本，透過該

公司的網路，銀行客戶可以實現實時的點對點跨國轉帳，不需中心組織管

理，且支援各國不同貨幣。 

如果 Ripple 協議成為了金融體系的標準協議，在網路中的各方都能任
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意轉帳貨幣，支付就會像收發電子郵件一樣便宜且快速，最重要的是將節

省相關的跨行異地以及跨國支付手續費。截至目前全球已有 17 個國家的

銀行加入合作，共同參與 Ripple 為金融機構打造的解決方案。包括渣打、

西太平洋銀行（Westpac）、澳洲國家銀行、瑞穗金融集團、蒙特利爾銀行

金融集團和上海華瑞銀行等都在 Ripple 的網路中成功進行過轉帳，包括

留學生轉帳並等商業化產品。 

銀行有許多交易成本高但低利潤的交易業務，因為轉帳流程複雜但收

取的費率沒有大型交易那麼多。Ripple 在這類交易具有利基，因此是目前

國際上最成功的區塊鏈技術公司。Ripple 的主要業務是幫助銀行讓跨境支

付更便捷，其核心產品則是 Ripple 協議。Ripple 協議的前身是 2004 年

開發的 Ripplepay，第一代系統 RipplePay.com 誕生於 2005 年，能透過

全球網路為社群用戶提供安全的支付服務。Ripple 協議本質上是一個即時

結算系統結合貨幣兌換與匯款網路，藉由分布式開源網路協議、共識總帳

(consensus ledger)和原生的貨幣 XRP(瑞波幣)完成。另外，Ripple 的帳本

與比特幣不同，需要允許才能加入，即銀行不用擔心匿名方涉入交易之中。

而且 重點是 Ripple 的分布式帳本不需要使用自身的 XRP 數位貨幣也能

運作。 

Ripple 在 2014 年產生第一位銀行用戶：德國網路銀行 Fidor。Ripple

開發出了新的點對點交易流程，銀行不再需要支付代理費。之後又獲得兩

家美國銀行對 Ripple 協議的支持，並在當年 12 月與全球包括美國銀行

和匯豐銀行等 65 個國家的支付服務公司 Earthport 合作，Ripple 逐漸受到

市場重視。Ripple 採用區塊鏈技術為全球大型銀行解決金融交易問題，2016

年 9 月再度獲得 5,500 萬美元融資，包括渣打銀行、埃森哲創投、SCB 

Digital Ventures、泰國商業銀行和日本知名金融集團思伯益控股(SBI 

Holdings, Inc)；連同之前投資過 Ripple 的 Google Ventures、A16Z 、IDG 等

多家創投也都再度參與了本次投資。目前Ripple已完成了 30 個試驗項目，

並與全球 前 50 大銀行中的 15 家合作，其中包括瑞銀與渣打，而有 10 
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家都處於商業化合作階段，截止目前 Ripple 共獲得了 9,300 萬美元融

資。 

三、日本金融機構在區塊鏈的應用 

2015 年 12 月，日本住信 SBI 網路銀行(SBI Sumishin Net Bank)已經宣

布他們在開發概念證明，旨在和野村綜合研究所（Nomura Research Institute，

NRI）探索區塊鏈銀行的應用，野村綜合研究所是野村控股公司的研究分

支。SBI Sumishin 是日本最大的信託銀行，由 Sumitomo Mitsui 信託銀行與

SBI控股公司合資成立。NRI成立於 1965年，是日本老牌的民間智庫單位，

負責為包括金融業在內的多個產業提供諮詢服務和 IT 解決方案。 

雖然目前關於這個專案的資訊還很少，NRI 表示將會尋求「監測業務

方案」為 SBI Sumishin 準備原型的目標。但是，一家區塊鏈公司 Dragonfly 

Fintech Private 將會參與項目的研發。在幾份聲明中，NRI 高級主管 Minoru 

Yokote 指出，該專案正是該組織尋求擁抱分佈式金融技術的一個典型案例。

Yokote 說：「NRI 致力於研究區塊鏈技術帶來的挑戰，並且建議將這一新

技術應用到銀行業」。 

日本幾家銀行和科技業者，包括歐力士銀行、靜岡銀行、NTT 數據公

司和 NTT DOCOMO 表示將投入資源對區塊鏈進行研究。此外，日本證交

所(Japan Exchange Group)在2016年2月16日宣布與 IBM Japan達成共識，

一同為區塊鏈技術進行測試概念性驗證((Proof-of-Concept，PoC)。技術方

面，將採用 Linux 基金會 Hyperledger 計畫中的區塊鏈技術。日本交易所規

劃將區塊鏈技術先導入在交易及結算上，從 2016 年 3 月起先從低成交量

的市場著手測試。當然，此一類型的試驗計畫並非只有日本交易所著手進

行，德國的 Deutsche Borse、美國的 CME Group 與 DTCC 亦為該計畫的成

員。 

當然，歐洲及亞洲地區塊鏈在金融業務的拓展並不僅限於前述案例或

事實，其他進展如下所示： 
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1.南韓：南韓中央銀行在報告中指出區塊鏈發展的重要性，因該技術

特徵在於可以安全高效率的提供金融服務，且不需仲介機構負責處理交易

資訊。故該行將持續關注區塊鏈技術的發展，進行深度研究，甚至考慮將

自行投入分散式帳簿技術的研發。2016 年 12 月南韓金融投資協會(Korea 

Financial Investment Association) 計劃成立政府和民間聯盟，研究比特幣底

層創新技術在南韓社會和產業中的應用，並與南韓 21 家金融投資公司和 5

家區塊鏈技術企業簽署合作備忘錄，成立分布式帳本技術研究區塊鏈聯盟，

這是南韓成立首家區塊鏈聯盟，南韓金融投資協會 IT 委員會將與聯盟成員

共享其區塊鏈案例和技術研究成果。 

比照日本和俄羅斯的公私合作方案，南韓規劃包括 2017 年完成個人身

份驗證的區塊鏈解決方案、2018 及 2019 年完成清算結算自動化、2020 年

完成區塊鏈技術的場外交易。南韓金融機構在區塊鏈領域已經有了計劃，

南韓最大的銀行控股公司之一韓亞金融集團(HanaFinancialGroup)是南韓

第一家加入 R3 區塊鏈聯盟的機構，南韓證券交易運營商南韓交易所(Korea 

Exchange)亦發起區塊鏈平台，讓新創企業在公開市場上進行股權交易；南

韓新韓銀行(Shinhan Bank)將規劃南韓和中國大陸銀行之間比特幣區塊鏈

的匯款服務合作。南韓國民銀行與當地的比特幣創業公司 Coinplug 進行合

作，宣布藉由使用區塊鏈技術就可以避免掉仲介服務，能夠降低成本，為

客戶帶來好處。 

2.香港：香港政府在 2016 年財政預算案中明文提到區塊鏈技術，可說

是亞洲第一個提到區塊鏈技術的政府機關。香港政府鼓勵業界和相關機構，

探討區塊鏈技術在金融業的應用，發展其減少可疑交易和降低交易成本的

潛力。2016 年 11 月，中銀香港將區塊鏈技術應用於房貸申請業務，目前

已成功完成首宗估價，另有兩間銀行均已同意加入區塊鏈房貸技術。區塊

鏈房貸技術透過共享帳簿技術，建立及傳送完整、加密的資料。房貸相關

單位獲得確保真確的文件之餘，過往紀錄不能竄改，大幅提升偽造文件難

度。中銀香港每年估價逾 2 萬次，銀行藉精簡驗證估價報告流程，節省成
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本並加快房貸物件估價及貸款審批程序。中銀香港目前與兩家物業估價公

司合作，未來會邀請其他估價公司及銀行同業參加，強化區塊鏈物業估價

資料，未來亦會研究把區塊鏈技術應用於貿易融資、電子證件管理及跨境

支付等領域。 

除了前述案例外，與亞洲鄰近的澳洲在區塊鏈的應用也是不落人後，

2015 年 7 月，澳洲幾家主要金融機構，諸如澳盛銀行(ANZ)、澳洲國家銀

行(National Australia Bank)與澳洲中央銀行(Reserve Bank of Australia)等 12

家主要金融機構與 SWIFT 合作，共同開發全新的金融服務基礎建設--澳大

利亞新型支付平台(New Payment Platform)，預計在 2017 年下半年上線。

此外，澳洲聯邦銀行(Commonwealth Bank of Australia)也積極開發區塊鏈技

術，並以新創加速器的姿態，在 2016 年 1 月成功開發出開放性行動支付

平台—Albert。 

根據 Morgan Stanley 2016 年 4 月最新研究報告，2014-2016 年為區塊

鏈價值發掘過程，2016-2018 年為概念性驗證階段，2017-2020 年為共享基

礎建設階段，2021-2025 年預估資產規模將大幅增加。區塊鏈技術從概念

到實證，2017 年將是關鍵變化很大的一年，2018 年將會開始有商業化應

用實務。 
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資料來源：Morgan Stanley 

【圖 3-3-1】區塊鏈之發展趨勢預測 

 

根據資誠(PwC)2016 年全球金融科技調查報告，資誠調查金融業者結

果顯示區塊鏈將改寫整個金融產業的規則。在區塊鏈方面，有 56％金融業

者對於區塊鏈技術理解重要性，但對於此技術將帶來的影響，有 57％金融

業者表示不確定或是不清楚該如何面對，甚至有超過 83％金融業者坦言，

對區塊鏈技術還不是很了解。對區塊鏈技術了解程度較高的是支付服務的

業者，有 3 成自認對區塊鏈技術及運作方式熟悉。 
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資料來源：PwC 

【圖 3-3-2】2016 年全球金融科技調查報告-區塊鏈                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

如同企業內部過去採用 ERP 企業資源管理軟體，來傳遞並共享資料與

邏輯，讓企業內部的商業流程最佳化，PwC 認為區塊鏈技術將是能促成下

一階段企業商業流程最佳化大幅躍升的技術，區塊鏈技術將能促使產業之

間的商業流程更進一步達到最佳化，讓不同的或是彼此相互競爭的企業之

間傳遞、共享資料。然而儘管區塊鏈技術前景十分看好，但依舊存在不少

挑戰與障礙待突破，未來區塊鏈技術進入商業應用潛力十足，將對金融業

現有的利潤池(Profit Pools)帶來重大轉變，並重新分配給具有高運用效率的

新區塊鏈平臺業者，區塊鏈不僅能降低成本，也能大幅提升交易透明度，

對消費者及監理單位來說都有相當大的影響。 

全球信用卡大廠MasterCard也正在開發區塊鏈以及分散式帳本的相關

技術，除釋出 3 項 APIs 可連結到自家內部的區塊鏈，於 2016 年 11 月在

美國提出 4 項支付以及交易上的應用區塊鏈專利，包括區塊鏈交易中的授

權、處理與安全問題。另一家信用卡大廠 Visa 亦將於 2017 年推出以區塊

鏈技術為基礎的「Visa B2B Connect」服務，顯示國際信用卡公司亦非常重
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視數位貨幣以及區塊鏈對信用卡產業帶來的影響。企業將傳統支付系統與

區塊鏈結合，確保去中心化及帳戶安全。 

全球四大會計師事務所安永(Ernst & Young)宣布 2017 年安永瑞士(EY 

Switzerland)將接受用戶使用比特幣付款，安永瑞士蘇黎世大樓將安裝比特

幣 ATM，瑞士法郎兌換成比特幣，員工也會配有安全的電子錢包(EY wallet 

app)，讓員工熟悉區塊鏈與數位貨幣，用比特幣購買商品與服務，為全球

會計界的首例。 

原始創始機構高盛(Goldman)及西班牙國際銀行(Santander)宣布退出目

前全球最大擁有超過 70 間金融機構的 R3 區塊鏈聯盟，包括摩根士丹利

(Morgan Stanley)和澳洲國民銀行也極有可能不參與 R3 1.5 億美元全球史

上最高的最新融資案，另外摩根大通(JP Morgan)、麥格理銀行(Macquarie 

Group)以及美國合眾銀行(US Bancorp) 也計畫退出R3陣營，而美國銀行、

巴克萊銀行和瑞銀集團等其他 R3 早期成員，則仍是該聯盟的成員，全球

區塊鏈陣營預計將進行重整，隨著區塊鏈應用漸成熟，區塊鏈技術及應用

市場將會更加競爭激烈。隨著越來越多金融機構退出 R3，非代表區塊鏈將

沒落，卻是代表區塊鏈技術日趨成熟，金融機構已開始積極選定投資對象，

組織競爭也隨之增加。 

過去兩年內許多區塊鏈組織和策略結盟出現，不少組織具有雙重會員

身分，因此區塊鏈組織重整會員關係是重大趨勢，期望機構本身的區塊鏈

投資可以成為主流市場應用。 
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第四節 小結 

他山之石，可以攻錯。透過對前述區塊鏈案例事件的觀察，吾人應可

約略窺知全球主要金融機構或主管機關已認知到區塊鏈的重要性或致力

於發展區塊鏈解決方案，希望實現快速或低成本的跨銀行交易且降低作業

疏失帶來的成本，相信區塊鏈技術在金融業的應用將逐漸被金融業者重視。

加上全球金流的跨境發展與因此而來的競爭蔚為趨勢，台灣的金融業者在

這領域更不能缺席。 

根據世界經濟論壇（World Economic Forum，簡稱 WEF）在 2016 年 8

月 12 日發表的報告，全球區塊鏈投資總額已達 14 億美元，有近百家企業

加入各區塊鏈組織，研發超過 2,500 項金融科技專利，預計在 2017 年將有

八成銀行啟動區塊鏈專案，更是佐證了吾人對前述趨勢的看法。該報告同

時指出，區塊鏈技術目前處於過度期望的高峰期（Peak of Inflated 

Expectations），此一階段可說是百家爭鳴，但僅有部分創新應用可能成功，

將有更多是失敗的。當科技無法滿足過度期待，大眾回歸理性後，該技術

就開始進入泡沫化的谷底階段（Trough of Disillusionment）。區塊鏈技術

目前已進入炒作的區間，但還沒有到頂端，預計炒作仍將持續一段時間。

就現在這個時間點而言，泡沫尚不會破滅。換言之，本章討論的案例在未

來並非皆能成功，區塊鏈的發展仍是現在進行式，目前區塊鏈技術在西方

國家已經進行實務端的應用，在中國大陸也正積極開展，但國內則仍未見

到官方訂定相關的發展規劃。 

綜上，說區塊鏈技術是繼網際網路之後最具顛覆性的革命性技術亦不

為過，它將開啟一系列新的商業模式。現在的區塊鏈技術所處的發展階段，

類似處於 20 世紀 90 年代中期的網際網路技術，根據麥肯錫 2016 年 2 月

針對全球主要金融機構高階主管的訪談調查，有約 46%的受訪者認為最快

一年半，最慢三年就可看到區塊鏈技術帶來的實質影響。是以對金融機構

而言，區塊鏈的布局，宜早不宜遲。當然，本章的目的在於提出參考案例



66 

 

供參考，不管成功或失敗，相信都有值得參考或帶來啟發之處，其後續發

展仍值得吾人持續關切。建議趁著區塊鏈技術在各個先進國家還處於進行

式的階段，金融機構或政府主管機關將之納為重大發展議題，持續關注與

有效投入。 
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第四章 區塊鏈及數位貨幣對我國金融業之影響 

第一節 區塊鏈目前在台灣之發展 

誠如第三章所述，區塊鏈應用不只在國外起飛，台灣也隨金融科技浪

潮，趕上了這一波區塊鏈風潮。金融業者方面，第一金、華南金、玉山金、

中信金、國泰金及富邦金是台灣目前積極投入區塊鏈應用的金控公司；台

灣大學的 G Coin 則嘗試建構本土第一個最底層的區塊鏈協議；另外亦有非

金融業者從事區塊鏈應用平台的發展，例如 MaiCoin(現代財富科技)。詳

述如下。 

一、區塊鏈在金融業的應用 

目前國內富邦、國泰、玉山、中信等四家金控分別透過催生帳聯平台、

串接電子病歷、建構支付場景、評估加入國際組織，富邦率先宣布要籌組

區塊鏈金融聯盟，後來更支持成立了臺灣第一家商用企業區塊鏈公司。富

邦金控成立帳聯網路科技公司（AMIS），邀請國泰、台新、中信加入增資

成為 AMIS 股東、或只使用服務，目的在讓各金控子銀行的存款帳戶彼此

相連，未來匯款與支付能更快更省成本。中國信託宣布加入 R3，還成立

50 人規模的實驗室，國泰人壽要用區塊鏈來結合電子病歷優化理賠作業。

玉山金控則和臺大資工在校園實驗區塊鏈行動支付。財金更要號召臺灣金

融機構共建區塊鏈平臺。區塊鏈這把金融變革大火，不只在國際蔓延四方，

現在也燒進了臺灣，開始成了臺灣金融圈新一波的競賽場。 

第一銀行率先針對供應鏈、洗錢防制、智能合約、電子禮票券履約保

證、跨境融資業務與全球資金管理等六大面向積極發展，有效解決資訊流

與資金流痛點並滿足監理所需，在區塊鏈領域中，可說是業界首次最寬廣

與最深入的系統整合規劃。早在 2016 年初，第一銀行便已成立專案小組，

並規劃打造「數位金融區塊鏈應用實驗室」，針對區塊鏈議題，定期討論

戰略佈局與業務應用，為加速落實與發展，更攜手台大金融科技暨區塊鏈
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中心廖世偉教授與其團隊，定期交流與合作；計畫從上百家客戶中，選出

一家中心廠，展開平行導入與測試，透過平行導入策略加以驗證區塊鏈成

效與提升客戶滿意度，這項創新計劃執行的結果，也引起業界高度關注。 

華南銀行於 2016 年 10 月完成我國首樁區塊鏈技術的金融應用模型，

命名為HNoTe，是模仿比特幣的架構而建構24，但HNoTe不強調貨幣特性，

內容可包含原生貨幣外產生之合約或其他通知事項，並開發 API 部分以執

行指令，另建立錢包，與比特幣相同，可隨時產生帳號，主要傳輸應用面

的訊息。HNoTe 目前為測試階段，暫時只開放內部員工以手機測試傳遞有

價證券的交易訊息，使用者可以透過介面進行收付款、轉帳與交易資訊確

認與查詢，同時還具備知識文件共享網站與資訊查詢的建置，可有效簡化

銀行傳統交易的流程與風險。為了讓使用更便捷，華銀的區塊鏈還結合行

動載具，將 HNoTe 結合行動裝置，用手機掃碼 QRcode 迅速串接交易畫面

及結果，真正發揮區塊鏈「高安全、低成本、快速便捷」的應用綜效。 

富邦金控在 9 月 20 日宣布要籌組金融區塊鏈聯盟，時任富邦金控的董

事長蔡明忠表示，要用區塊鏈技術來串連銀行間的支付交易，簡化匯款與

轉帳的流程，減少中央清算的成本。富邦自今年 3 月就宣誓建設「帳聯網

平台」，由財富科技（MaiCoin）與工研院提供技術資源，採 Etheruem 的區

塊鏈協議打造企業級應用。 

中國信託在 10 月 12 日宣布啟動區塊鏈發展計畫，並且成為台灣首家

加入金融區塊鏈聯盟 R3 的金融機構。中國信託表示，將要與全球多家大

型機構一起鑽研區塊鏈的創新應用。另一方面，國泰金控則是打算將區塊

鏈的信任特性應用在壽險領域，推出電子病歷，與長庚醫院合作線上調閱

保戶病歷，提升工作效率與用戶體驗。 

玉山銀行選擇與台大金融科技暨區塊鏈中心合作，應用該中心團隊所

研發出的區塊鏈協議 GCoin，共組區塊鏈發展專案，打算在台大校園試行，

                                                 
24訪談華南銀行 HNoTe 研發團隊，完整記錄請參閱本研究報告附錄。 
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用區塊鏈促成校園的互連、互通、共享與共治。 

另外值得一提的是，中央銀行唯一投資之民營事業財金資訊公司，也

主導規劃籌備區塊鏈平台協助國內金融機構應用區塊鏈。財金公司過去主

要承接跨行的業務資訊交換、跨行交易、帳務清算服務以及協助國內金融

機構與國際組織連結，擔任銀行第三方的角色，一直以來扮演著國內金融

機構之間的中介，其背後由中央銀行負責管理。此次財金公司組區塊鏈平

台，是為了避免金融機構在區塊鏈上的重複投資，因此主導建構一個區塊

鏈平台，並且共同開發共用規則，協助國內大中小型機構創造區塊鏈應用

機會。 

    區塊鏈的興起，將打破傳統金流的架構，財金公司不僅扮演國銀體系

金流串接最為重要角色，也直屬央行管轄，顯示區塊鏈的議題不僅受到央

行、金管會高度重視，而且可望能夠獲得主管機關的支持開放。財金公司

組建區塊鏈平台，主要讓所有銀行不分規模大小，都能將區塊鏈新技術擴

大應用到金融服務層面。財金公司成立「金融區塊鏈技術研究與應用委員

會」，國內有 46 家銀行、票券公司等各類金融機構加入該組織；此外財金

公司在該委員會架構之下成立企業金融、個人金融兩種委員會，除選出區

塊鏈「示範」業務之外，各銀行也將被分配投入資源建構該平台。除了銀

行之間分工外，另一大議題，就是要選出各會員銀行認為最具迫切性的區

塊鏈金融服務，作為試驗區塊鏈的標的。財金公司將請各個銀行建議各自

認為應該應用區塊鏈的金融產品或服務來做概念性驗證（Proof of Concept，

POC）。並且用選定的技術進行 POC，驗證交易安全性、速度、節點數要

多少才適合等等。金融機構屬於高度監管對象，對交易的要求是絕對的安

全、穩定，因此會在平台建立後，經過充分的驗證，產品才會上線。 

    2016 年底，已選定驗證項目，個金方面為公益捐款，企金方面為企業

資金管理。驗證項目的選擇方式，主要考量可行性、貢獻度、以及創新程
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度25。所謂可行性，是要評估這項業務的參與銀行家數多不多，另因目前

區塊鏈技術未成熟，且規劃的驗證期間僅半年，不能找太複雜的業務，要

短期能驗證、上線的項目，以負面表列方式選擇，排除目前區塊鏈技術做

不到的高頻交易，以及由於涉及跨國司法管轄權、各國外匯管制標準不一、

洗錢防制、找不到國外機構做驗證等因素，暫時先排除跨境業務；貢獻度

方面要評估這項業務對銀行、民眾是否能提高方便性，及創新後業務流程、

技術上可解決什麼問題。 

    對於採取何種區塊鏈底層協議，財金公司目前持開放態度，不排除任

何區塊鏈技術，例如 Hyperledger 及以太坊各有優缺點，以太坊的本質是

以虛擬貨幣來打造的區塊鏈技術，優點是其本身即為一信任機制，可解決

網路信任問題，不需要中介單位，但這也是他的缺點，因為金融機構有監

理問題，不太可能完全使用匿名交易，目前以太坊有在研擬要將匿名改為

實名，但還需要時間；Hyperledger 的優點是實名制、認許制，剛好符合本

國金融支付要求，且很多大型金融機構皆有參與，未來業務延展性較佳。

技術在發展階段，無法確定未來主流平台，所以不排除任何區塊鏈技術平

台，對金融機構而言，「學習」才是目前的重點。 

    財金公司指出，發展區塊鏈需要資金，也需要規模經濟支撐，現在已

有多家銀行相繼投入區塊鏈的研究，但許多銀行礙於資金與規模經濟問題，

不易投入區塊鏈的領域，也難以運用區塊鏈的技術提供更有效率的金融服

務。平台的成立將能匯聚資源幫助中小型的銀行在區塊鏈發展上不落人後，

財金公司所搭建的平台將可望提供銀行集體發展區塊鏈的機會。 

二、底層區塊鏈協議的建構 

台大金融科技暨區塊鏈中心是由在台灣積極推動區塊鏈技術研發的台

大資工系廖世偉教授26領導，在 2015 年年底時，全世界開發出來的區塊鏈

                                                 
25 研究團隊訪談財金資訊公司黃昱程副總經理，完整記錄請參閱本研究報告附錄。 
26 廖世偉教授原任職於 Google，曾因對 Android 平台的開發貢獻而榮獲 Google 創始人獎。他離開 Google

總部後，回國加入台大資工系，率領學生投入區塊鏈技術研發。 
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原始碼僅僅只有五個，其中之一就是由台大新創團隊自主研發的台大區塊

鏈技術 G Coin，G Coin 也成為台灣第一套自行開發的區塊鏈協議。 

區塊鏈的生態體系可分為底層協議、服務供應商以及區塊鏈上層的應

用，如比特幣、Ripple 和 G Coin，都是最底層的區塊鏈協議。而由部分 G 

Coin 團隊成員組成的 DiQi 則是區塊鏈服務供應商，有些服務供應商會自

己開發一套區塊鏈，有些則拿現成的區塊鏈協議來修改，再提供 API 或是

服務給金融機構。位於區塊鏈生態系最上層的則是區塊鏈應用平台，如比

特幣交易所、美國 NASDAQ 所採用的 Linq 交易平台。 

G Coin 區塊鏈開源釋出後引發國內各界的高度關注，銀行、科技大廠

和新創團隊都積極想要搶進這個領域。本節接下來即以 G Coin 為核心，檢

視目前台灣區塊鏈技術的進展27。 

根據第二章的說明，我們已經知道「區塊鏈技術」由密碼學、數學、

演算法及經濟模型所組成，結合點對點的網路關係（P2P），並採用分散式

共識演算法，來解決傳統分散式資料庫的同步問題，可說是一套整合跨領

域技術的基礎建設。「區塊鏈」本質上是一種「分散式共享帳簿」，由網路

系統中的參與者集體維護，屏除中央集權的金融機構層層驗證，卻能確保

交易安全與正確。 

以金融應用為例，其運作原理由多個節點組成一個網路，當某一個節

點要發起一筆交易時，會先將交易廣播給其他節點，此時所有節點都可以

經由共識演算法來決定誰可以驗證這筆交易，而這個取得共識的過程（比

特幣區塊鏈稱作挖礦），就像是讓所有節點一起來解一道數學題。 

各節點解題過程中，驗證中的交易資料會被打包至區塊裡，並透過嚴

格的密碼學規則來保護，一旦區塊中的資料遭到竄改，或不符合密碼學規

則時，該區塊便會失效，無法完成交易驗證。 

                                                 
27 改寫自辜騰玉(2016)，「3 大面向一次搞懂區塊鏈，美國 NASDAQ、跨國銀行都搶著用」；及本研究團隊

與廖世偉教授訪談內容。 
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當其中一個節點先解出題目時，便由該節點將驗證過的交易寫進區塊

鏈中，並廣播通知其他節點。而資料一旦被寫進區塊鏈之中，便無法再被

竄改。這樣的機制讓所有節點能共同維護一本帳本，並由每次最快解題完

成的節點來負責記帳，以確保公平性，一旦有人入侵網路想竄改帳本紀錄，

也會立刻被發現。 

在區塊鏈出現之前，大部分的網路交易都仰賴金融機構作為可信賴的

第三方。在這種基於信用的模式下，所有交易資訊的提供與存儲都被掌握

在第三方手上，交易者對於第三方必須完全信任，並且無法參與驗證。 

2008 年出現的比特幣區塊鏈技術，是一個去中心化交易平台的概念性

驗證，其採用密碼學技術來控制貨幣的生產和轉移，屬於一種加密電子貨

幣，比特幣可經由挖礦的過程產生，並讓所有參與者透過驗證交易和記錄

來獲得比特幣，使得支付的過程可直接由一方發起，並支付給另一方，中

間不需要再通過任何金融機構或第三方機構。 

不過，比特幣只是其中一種區塊鏈技術應用，區塊鏈最重要的核心創

新在於其算法算力，也就是共識演算法，而不同的區塊鏈技術採用不同的

共識機制。事實上，想要直接將比特幣的交易體系移植到金融業，尚存在

許多問題，例如確認交易需要耗費十分鐘以上，這樣一天下來無法完成多

少交易；工作量證明演算法浪費過多資源，大幅提高成本等等。要將區塊

鏈擴充到一般的金融體系，勢須經由底層技術予以調整，使其有別於傳統

的比特幣區塊鏈，例如：比特幣區塊鏈可以自由加入，只需在電腦或行動

載具上下載軟體即可，這種可以自由加入的區塊鏈稱為「公鏈 (public 

chain)」；相對於公鏈，對於加入資格設限的區塊鏈，則稱為「私鏈(private 

chain)」。由多家銀行組成的區塊鏈聯盟 R3CEV，就是一種私鏈。 

由於比特幣區塊鏈技術開源，大家都可以拿來修改成自己的版本，或

是重新開發一套新的區塊鏈，如台大目前開源釋出的 GCoin、Linux 基金

會的 Hyperledger 和 Ripple，都是不同於比特幣的新區塊鏈協議，這些區塊
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鏈和比特幣區塊鏈已經大不相同，這裡我們便以比特幣區塊鏈和 GCoin 區

塊鏈作為主要比較對象，並分別從效率面、安全面、法規面檢視。 

效率面可從結算速度來看，理論上比特幣區塊鏈每秒可處理的交易筆

數（TPS）為 7 筆，每 10 分鐘可完成一次結算，而 GCoin 區塊鏈則 15 秒

就能完成一次結算，大幅改善了比特幣的結算速度瓶頸。區塊鏈的結算速

度在第一個區塊產生時就會先設定好，而這個時間取決於驗證題目的難度

及網路節點的運算能力，要在兩者之間取平衡，但是，如果將結算時間設

定的太短，容易產生分叉情形，也就是各節點沒有取得一致的共識，導致

帳本不同步。 

此外，參與節點數、交易廣播到各節點的速度也都是影響因素。如比

特幣這種非實名制的區塊鏈，因為強調公平性，因此有太多節點同時一起

解題，必須花很多時間在決定驗證者的階段。而像 GCoin 這種實名制區塊

鏈，儘管結算速度已經遠高於比特幣，但在廣播的機制上仍然會遇到一定

的效能瓶頸。因此，若要縮短結算時間，不只要修改最開始的區塊，還得

解決分叉的問題，而 DiQi 研發的動態難度調整技術，便是為了要降低產

生分叉的機率。 

從安全面來看，動態難度調整技術也解決了比特幣的安全隱憂。比特

幣區塊鏈設計的一大問題是，如果區塊鏈網路中有人掌握了 51%以上的運

算能力，也可說是過半的運算資源，就有可能會破壞區塊鏈網路的安全性，

掌握交易驗證權利，就是所謂的 51%攻擊問題。因此，DiQi 調整許多參數，

也花很多時間做演算法優化，讓各節點仍具有公平的驗證機會，確保即使

有人壟斷大半的區塊鏈網路運算能力，仍無法掌握每次的交易驗證權。 

簡單來說，比特幣原本採用的工作量證明做法（Proof of Work），像是

發同一道題目給大家解，誰先解出來就有驗證交易的權利，而 DiQi 改用

動態難度調整技術後，就是透過演算法分發不同難度的題目，如果節點運

算能力較強，一直取得驗證權力，就給較難的題目，這麼做可提升公平性，
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讓各節點都有機會算出答案，而不被少數人掌握。 

以前的網路沒有透過算法算力來保護，像是傳遞郵件的過程都可能被

竄改，但在區塊鏈中，受到密碼學和數學保護，其安全加密機制即使是當

今運算速度最快的電腦天河二號，也得花相當於 250 兆年（2 的 48 次方）

的時間才能破解，以目前的科技來說，區塊鏈是足夠安全的，並具有可追

蹤性與不可竄改的優勢。 

再從法規面來看，這也正是比特幣區塊鏈與非比特幣區塊鏈最大的不

同之處。由於比特幣是一種虛擬貨幣的應用，因此面臨各國法規的限制，

但區塊鏈本身可結合認許制或其他方式來管控節點，決定讓哪些節點參與

交易驗證及存取所有的資料，並提供治理架構（Governance Structure）及

商業邏輯（Business Logic）兩大關鍵特性。事實上，GCoin 的 G 便具有

Governance Structure 及 Global 這 2 層涵義。 

目前區塊鏈可分為非實名制和實名制兩種，前者如比特幣區塊鏈，後

者如 GCoin 區塊鏈。GCoin 區塊鏈目前已經可做到認許制 (Permissioned 

Blockchain)，能配合金融監管所需的反洗錢 (AML) 與身份驗證 (KYC) 

規範。 

銀行和金融機構想採用的都是實名制的區塊鏈，為了滿足金融領域的

應用需求， DiQi 團隊從去年開始，開發新的區塊鏈架構，要讓區塊鏈上

的節點具有不同的身分，包括聯盟（Alliance）、發行者（Issuer）及一般使

用者（或稱錢包），其中，只有聯盟成員才具有驗證交易的權力，各個發

行者可產生資產，而一般使用者則指用戶或錢包。 

在結合認許制之後，若善用區塊鏈的不可竄改性與可追蹤性，區塊鏈

將是政府建立可管可控的 IT 基礎建設時的一大利器。若想要應用在現實世

界中，確保交易紀錄的安全性及可追蹤性，就必須採用實名制才能運作，

如臺灣的自然人憑證便採用實名制。而比特弊並非實名制，無法與現實世
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界融合，大家都看得到公有金鑰，但不知道這把金鑰對應到哪個人，沒辦

法追蹤交易來源對象。 

實務上原本存在兩種信任體制：一種是相信政府或大公司的中心化系

統；另一種是只相信自己，也就是所謂的分散式系統，基於零信任基礎下，

每個人都擁有完整帳本，如比特幣區塊鏈，但這樣衍生多餘性和複雜性，

不僅每個節點都可看到完整帳本，在交易傳遞上也因此較為複雜。因此現

在出現了第三種選擇，可視為一種截長補短的複合型體制，也就是如 GCoin

這類的新一代區塊鏈，不僅做到去中心化，同時藉由認許制來控管節點的

身分與驗證權力。 

三、非金融業者發展的區塊鏈應用平台 

    目前非金融業者在台灣發展的區塊鏈應用平台，大概以 MaiCoin 的知

名度最高。MaiCoin 是一站式的數位資產交易平台，提供用戶以新台幣買

賣兌換比特幣、以太幣，基本上就是一個虛擬貨幣交易所。依據其網頁上

的介紹，MaiCoin 的現有服務包括：即時兌換、電子錢包以及商家服務。

每個用戶(沒有年齡限制)皆可免費申請一個 MaiCoin 帳號。 

    MaiCoin 除了是台灣第一個比特幣買賣交易平台，更積極推動實體商

家採用比特幣付款。由於看好目前台灣的支付市場需求，MaiCoin 想藉區

塊鏈來解決目前支付系統無法跨領域的問題，以加速區塊鏈應用在台灣落

地28。MaiCoin 體認到儘管全球銀行積極投入區塊鏈技術，但要在受高度

監管的金融產業中導入區塊鏈應用，取代既有金融業務模式或支付系統，

並不是件容易的事。台灣支付市場最大問題是，各種錢包之間無法整合，

尤其行動支付領域特別明顯，現有金流往往只能單向運行。 

    過去買賣雙方的交易通常有銀行或第三方作為交易中間人，來解決彼

此之間的信任問題，而銀行能做的事包括處理訊息流以及錢的保管，但現

                                                 
28 本小節部分內容摘錄改寫自辜騰玉(2016)，「臺灣新創 Maicoin 切進主流金融支付市場，靠區塊鏈處理跨

領域資訊流」。 
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在大家對銀行的印象卻只停留在錢的保管，忽略了處理訊息流帶來的價值。

但這種金流與訊息流整合的作法，往往會走向中心化架構。因此 MaiCoin

開發區塊鏈 API，協助國內銀行與商家導入區塊鏈技術應用，但並非要完

全取代現有的金流系統，而是靠區塊鏈來處理跨領域的資訊流，再與既有

的金流支付系統整合。概念是將資訊流與金流拆解開來，訊息流部分藉由

區塊鏈技術來做點對點的資訊交換，產生無數交易後，結算部分由於需透

過法定貨幣來完成，因此每天再經由銀行之間做一次結算。至於現金流還

是採用傳統金流系統，商家或消費者要進入區塊鏈進行消費，需到相對應

的銀行進行儲值後，才能在區塊鏈上交易，與商家進行交易完成，之後商

家再與相對應的銀行來做清算。對銀行來說，除了既有金流系統之外，需

增設另一個與區塊鏈串連的節點，靠媒介來讓消費者儲值後，便能在這整

個區塊鏈帳聯網上進行交易。 

    MaiCoin 採用 Ethereum(以太坊)區塊鏈協議，打造一套私有區塊鏈，

並訂定 API，提供給銀行及商家，替商家增設區塊鏈節點。銀行的節點較

特別，只有銀行能做儲值跟兌現。選擇 Ethereum 主要是因為它有比較完整

的寫智慧契約功能，可用涂林完備(Turing-Complete)的程式語言來處理較

複雜的合約內容，更能處理跨領域的政策需求。 
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第二節 區塊鏈及數位貨幣為金融業帶來之商機與挑戰 

區塊鏈擁有「去中心化」、「加密安全性」、「不可竄改性」、「可追蹤性」、

「匿名性」等特色，因此凡是在某一程序中出現太多的中介參與，或是過

高的中介成本，或者有低追蹤成本和高資訊安全的需求，都可能潛藏著區

塊鏈技術的用武之地。除此之外，區塊鏈可以通過減少勞動密集過程和消

除重複工作而節約成本。區塊鏈的數據透明性、安全性和系統的高效性使

之可以被應用於很多領域，甚至產生一種全新的商業模式。 

目前多家銀行積極投入區塊鏈產品的應用研究，包括數位貨幣、交易

訊息（Message）、確認函（Confirmation letter）、通知郵件（Notice）、議價

（Price Negociation）、日記帳（Ledger）、智慧合約(Smart Contract)、智慧

資產載入(Smart Asset)等等，區塊鏈技術的應用將會愈來愈寬廣。透過區

塊鏈金融的串聯，金融消費者將可獲得更好的服務，除了所有的交易時間

及成本大幅減少之外，各銀行之間更將因為區塊鏈金融的合作產生新的交

易協定。目前金融業對於區塊鏈最有共識的運用項目，包括與跨境匯款相

關的跨境貿易融資、帳戶及交易資料查詢、信用卡紅利積點的跨銀行共同

兌換、飛機航班延誤險等保險辦理、區塊鏈平台資訊共享等，這些都是金

融業對於區塊鏈金融業務最為看好的項目。 

接下來我們打算討論幾項區塊鏈為金融業帶來的可能商機與挑戰，必

須強調的是，限於篇幅及目前所能獲取的文獻，此處僅針對目前較受關注

的幾個面向介紹，然而區塊鏈的應用場景，以及隨之而來的衝擊，將隨著

時間經過而愈趨多樣難測，金融業者面對此一充滿爆發力的新金融科技，

允宜緊盯其發展趨勢。 

一、跨境支付與外匯交易 

如果沒有區塊鏈，那麼非面對面的支付、匯兌、或者任何金融價值的

傳輸，幾乎總是必須透過受交易各方信任的中介機構，來完成金融價值傳
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輸的流程，有時還需要不只一個中介機構。每多一個中介機構，就會多一

筆費用。因此銀行間(尤其是涉及跨國的銀行間)的結算，不僅手續繁瑣，

而且成本高昂。 

區塊鏈分散式的統一帳本和點對點的特徵，能提升效率、節約成本。

不少金融科技的創新者，都在試圖跨越現存的金融中介機構，建立全新的

「點對點」交易規則。據估計，區塊鏈技術能在國際支付業務中，節省約

150 億到 200 億美元的交易成本。 

外匯交易的市場風險很大，一般的交易流程如下：交易的一方將資金

轉給中間商，如外匯結算服務商；外匯結算服務商會一直持有交易初始方

的資金，直到交易對方提供資金。這一流程的問題是，初始方的資金直到

結算完成，都會凍結在特定的交易中，而整個過程往往需要耗時一天。區

塊鏈的功能是帶來「近實時」的交易，提升外匯交易市場的清算速度。過

去的一年多裡，銀行業者一直嘗試利用區塊鏈技術縮短交易到清算的時間，

同時讓成本更低，不過多數項目仍處於起步階段，例如瑞銀集團與 Ripple 

的合作。但根據高盛申請專利之文件中的表述，這些系統有其缺陷，特別

是在受高度監管的金融服務中。高盛指出，這些系統在隱私方面存在問題，

如同任何人都能看見比特幣區塊鏈上的任何交易，如果銀行區塊鏈完全透

明，那競爭對手就能為某一交易做出反向交易。比特幣與 Ripple 也缺少

身份認證機制，無法幫監管者查處反洗錢活動。高盛希望綜合區塊鏈的優

點（主要是速度與效率），但改善處理隱私的技術，並符合金融監理規範。

例如，高盛版本的區塊鏈允許私人交易，僅讓需要知道的人得以看見；也

允許監管者獲取數據庫，並符合反洗錢法案的規範。 

以區塊鏈來改善跨境支付與外匯交易的程序，可以看成是比特幣區塊

鏈概念的直接應用：所謂跨境支付與外匯交易，本質上就只是價值的交換，

只不過這時價值的載體不再是比特幣。然而此處有一個問題：在這種處理

跨境支付或外匯交易的區塊鏈上，誰來負責原本比特幣區塊鏈上礦工的工
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作？因此實務上比較可行的做法，是將處理跨境支付或外匯交易的區塊鏈

架構在比特幣區塊鏈上，仍然由比特幣區塊鏈的礦工來驗證交易的合法

性。 

二、供應鏈金融 

先看一個近期發生的相關案例，地點在中國大陸，但因受官方刻意壓

制，整個事件的來龍去脈並不十分清楚，僅能經由外國媒體的報導拼湊出

一些輪廓。 

總部設立於中國大陸青島的德誠礦業有限公司，主要經營鋁土礦、氧

化鋁以及一些銅精礦的進口業務。2014 年，德誠與四家不同的倉儲公司分

別出具倉單，利用銀行間訊息不對稱的漏洞，去不同銀行重複質押，造成

實際的銀行貸款缺口可能超過 10 億美元。此種詐騙模式的操作是由做為

第三方的倉儲公司夥同往來企業，針對同一批貨物，開具多張倉單，然後

由企業找上不同銀行，必要時勾串銀行授信人員，向銀行質押騙取多筆貸

款。以一批價值十億元的氧化鋁為例，通過在不同銀行的重複抵押融資，

企業就可以輕鬆獲得二、三十億元甚至更多的貸款。據熟悉內情的消息人

士表示，基本上每筆銅精礦或氧化鋁背後，都存在三、四次不同銀行的重

複抵押，甚至有些極端的情況，同一批貨物在不同的公司、從不同的銀行

重複抵押，實際獲取的貸款金額可放大十幾倍。 

渣打銀行在上述案例發生後，即停止在青島港區周邊企業的金屬融資

業務。這種金屬融資業務與我們習稱的貿易融資業務並不完全相同，但面

臨的風險頗為類似：銀行要如何確定，貿易商沒有重覆使用貨物發票？ 

在傳統的貿易融資業務中，金融業者承擔的主要風險之一，即是銀行

並不清楚客戶是否以同一張發票向不同銀行請款。若能以區塊鏈技術建立

一套分佈式帳本系統，加入該系統的會員銀行每當收到顧客發票時，即將

發票號碼輸入分佈式帳本，則基於區塊鏈的「可追溯性」，且每家會員銀
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行均有完整的帳本，因此可輕易偵測出是否有發票重覆使用的狀況。區塊

鏈的「不可竄改性」，則保證發票資料的真實無訛。至於信任機制的建立，

可以由參與區塊鏈聯盟的銀行各自提供一個電腦節點確認紀錄；或者基於

會員銀行間的彼此信任，乾脆省略挖礦機制。 

如果不使用區塊鏈技術，而銀行要對每一張收受的發票向所有同業查

核是否重複，可以想見必將耗費大量的成本與時間，實務上並不可行。如

果是建立一個類似「發票中心」的資料庫統一管理，則無法保證資料不會

被竄改，且一但遭受駭客攻擊，有資料損失或洩漏之虞，在資訊安全的強

度上遠不如以區塊鏈技術建立的分佈式帳本。因此區塊鏈在貿易融資的業

務上，確有其獨具的優點。 

渣打銀行與星展銀行合作建構，貿易融資專用的分佈式帳本，目前已

接近完成階段，正在尋求有意結盟的同業，預期不久的未來即將進行商業

化運作。 

三、反洗錢 

在國際金融體系中，「洗錢」一直是個惱人的問題。世界銀行估計每年

全球的洗錢總額高達美金 2 兆~3.5 兆，大約相當於全球 GDP 的 3%到 5%。

即使各國的金融監理機關訂立各種反洗錢規範並督導銀行確實執行，但據

信被揭露的洗錢金額遠低於真實的洗錢金額，恐怕還不到 1%，而多家銀

行已為此被課以鉅額罰款。若計入這些罰金，粗估全球金融業每年防制洗

錢的成本大約美金 180 億元。區塊鏈技術的成熟，可能可以藉由分散式帳

本共享金融交易訊息，來簡化洗錢防制流程以提高效率。 

防制洗錢的現行做法，主要針對兩點，一是監視可疑的資金流動，二

是對新開帳戶進行查核。每當有新顧客上門要求開戶，銀行就有責任針對

新顧客實地查核，確認其身分及該帳戶的受益所有權(beneficial ownership)，

並與洗錢黑名單交叉比對。鑒於個人與機構帳戶所有權結構的複雜性，
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KYC 的程序中充斥著人工作業。而針對資金流動的監控，銀行通常會使用

外部軟體商提供的資料分析軟體，再以人工作業審視每日的可疑資金移動，

約占總支付交易的 2%~5%，不過誤報率(false-positive rate)相當高，可能超

過 99%。 

由於缺乏銀行間共享資料的做法，造成各家銀行重複對同一顧客實地

查核，浪費不少資源。而前述針對可疑資金流動監控之誤報率過高的問題，

除了資料分析軟體本身不夠好，也很可能與缺乏足夠的資料判斷有關，以

致虛耗許多人力。 

區塊鏈技術有潛力改善反洗錢過程。首先，利用區塊鏈紀錄編纂帳戶

詳細資訊，包括每一筆交易的細節，並儲存所有交易的歷史資料，基於區

塊鏈的可追蹤性，這麼做可以提高交易監控的透明度和效率，從而降低偵

測可疑資金流動的誤報率，節省人力成本。對銀行來說，由於每一顧客的

所有交易資料都可被追蹤，應可更符合反洗錢規範，法遵成本得以降低。

另外，藉由銀行間在區塊鏈上共享顧客資訊，當可有效降低 KYC 的成本。 

四、大數據與區塊鏈的結合 

在數據資源開發利用的過程中，大數據服務商都希望獲得更多的數據，

讓政府和其他握有巨量資料的機構把數據開放出來，這樣才能去做數據的

挖掘和分析。但是政府層面開放數據會擔心侵犯個人的隱私；民營企業則

擔心洩漏商業的秘密；許多機構亦把數據資源當成是奇貨可居的重要資產，

都不會輕易開放出來。因此，數據的開放、共享、交易、流通，沒有大家

所期望的那麼簡單。從技術的角度來保障數據資源的開放和流通，而不僅

僅是國家另立專法，或者政府制定制度、政策，需要其他解決方案，則數

據需要一個可靠的載體。 

區塊鏈正是一個可信任的載體，通過程序系統與演算法建立起一整套

的信任機制；區塊鏈也是一種資料庫，它能夠記錄所有發生在各節點間的
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價值轉移。也就是說，區塊鏈不僅幫助網際網路建立了價值的轉移，也建

立一種可信的網際網路資料庫基礎。隨著區塊鏈得到各方越來越廣泛的運

用，成為下一代 IT 基礎設施的時候，當越來越多的節點被連到了網際網路

上形成物聯網，這些物聯網的節點通過某種契約關係形成智能化的合約或

者智能化的資產，未來區塊鏈便可能成為萬物互聯的帳本。從這個帳本獲

得的數據，不但數量龐大，且藉由區塊鏈的匿名性與加密安全性解決了洩

漏個資或商業機密的問題，區塊鏈的可追溯性與不可竄改性則保證了資料

的完整與真實，因此是產生大數據的理想來源之一。部分本國銀行已致力

於大數據的開發與應用一段時間，區塊鏈的興起或將有推波助瀾之效。 

五、其他 

與當今銀行系統一樣，證券業也面臨交易手續複雜問題。傳統的證券

交易，需要經過中央結算機構、銀行、證券公司和交易所這四大機構的協

調工作，才能完成股票的交易，效率低、成本高。在高盛最新報告中估計，

股票交易量中約有 10%需要一定程度的人工處理，而如果引入區塊鏈技術，

這就完全沒有必要。區塊鏈的第一個證券業應用是美國證券交易所

NASDAQ 的實驗，NASDAQ 去年底推出了一個證券區塊鏈帳本 NASDAQ 

Linq，可以用來將私有股權的交易記錄數位化，追蹤交易的時間可以大幅

縮短到幾秒鐘之內就可以完成，最顯著的好處就是減少了清算交易的成

本。 

區塊鏈也可以助群眾募資一臂之力。群眾募資的主要風險，除了投資

計畫本身可能失敗之外，募來的資金是否妥善應用亦是關鍵。導入區塊鏈

之後，募資的金流及提撥的金額都記錄在區塊鏈上，讓每筆交易皆可稽查

及可追蹤，使金流更透明，且無法竄改。如此一來，應也有助於提高群眾

募資的成功率。 

另一個區塊鏈的熱門應用領域是智慧合約（smart contract），能將契約

數位化並自動執行與維護。智慧合約概念源自於 1994 年，由尼克•紹博
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（Nick Szabo）所提出。智慧合約之所以稱為智慧，係因其比傳統的合約

向前邁進一步，亦即能夠實際執行資產所有權於特定條件下轉讓的管理與

控制。智慧合約為一套以數位形式定義的承諾（promises），包括合約參與

方能在區塊鏈上面執行這些承諾的協議。數位形式意味合約可自動化執行

電腦可讀的代碼，因為只要參與方達成協定，智慧合約所建立起的權利與

義務即能強制性執行，而不需要值得信賴的第三方仲裁（arbitrator），讓人

們能通過互聯網與陌生人進行資產的交易 （transaction），以實踐價值互聯

網的境界。未來企業各種形式有價值的智慧資產或數位資產透過去中心化

的區塊鏈來決定資產的所有權，而資產所有權的管理藉由區塊鏈智慧合約

的演算法來自動執行，並且可以在約定條件下自動觸發所有權協議的執

行。 

六、小結 

可以預見，區塊鏈應用技術將會愈來愈寬廣。透過區塊鏈金融的串聯，

金融消費者將可獲得更好的服務，除了所有的交易時間及成本大幅減少之

外，各銀行之間更將因為區塊鏈金融的合作產生新的交易協定。目前區塊

鏈在金融業的主要發展方向可參見表 4-2-1。 

【表 4-2-1】 區塊鏈金融目前發展方向 

運用項目 方式 效益 

跨境支付與外匯交易 跨境電子商務透過區

塊鏈協議完成交易 

交易雙方大幅降低成

本時間 

貿易融資 銀行組建聯盟共用分

佈式帳本 

會員銀行可即時查詢

發票資訊以降低風險 

人壽保險 推動登載於區塊鏈上 減少核保及理賠時間
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之電子病歷 提升客戶體驗 

信用卡紅利積點兌換 各銀行可以互通信用

卡紅利積點業務 

擴大銀行間業務及共

同行銷 

跨境支付及外匯交易，應是最能看見區塊鏈成效的兩大業務，以往銀

行在作跨境匯款時，都要透過押匯等手續來完成，通常得花上超過一天的

時間，但引進區塊鏈技術之後，將可大幅縮短時間。區塊鏈能加速銀行後

台清算，達到交易即清算的境界，連稽核手續都可節省。也就是說，區塊

鏈使金流在市場更快更透明。另外，區塊鏈不但能幫銀行節省成本，還能

化身金融創新的基石，除了打造行動支付、P2P 借貸平台，也能用於群眾

募資、有價資產發行，乃至製造業用來改善供應鏈的效率。 

從上述各類區塊鏈的應用不難看出，區塊鏈技術為銀行帶來的成效，

多始於降低成本或降低風險，達到為銀行「節流」的目的；接著藉由提升

客戶體驗，達成「開源」的效果。因此區塊鏈的應用，應可確實提升銀行

的競爭力與獲利能力。區塊鏈對現在的金融機構來說，有點像是 1995 年

網際網路剛出現的時候，若沒有進行產業升級便會失去競爭優勢，當大家

都開始電子化，採用人工紙本作業的銀行就會被淘汰。同樣的，如果未來

當大家開始進入區塊鏈時代，還在採用傳統資料庫的銀行，恐怕會因高營

運成本而難以生存。 

根據區塊鏈專家的評估，區塊鏈在台灣要進入商業應用的階段，大約

還需要三年的時間，因為必須面對法規限制，以及整個完整的體系置換，

體系內系統更新的每一個環節都必須審慎思量，反洗錢的系統也要照顧完

善。他更表示，三年的時程是較樂觀的說法，前提是法規都配合的狀況。

目前在區塊鏈金融政策法規方面，所提出之區塊鏈技術各項應用服務中，

有相當大的比例需要針對現有的法規法條進行調整，我國監理沙盒

(Regulatory Sandbox)機制目前進入修法階段，2016 年 12 月 19 日已通過立
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法院財委會初審，凝聚七大共識，包括監理沙盒的精神融入金融八法中，

修改的金融八法分別為銀行法、保險法、證券交易法、期貨交易法、電子

支付機構管理條例、電子票證發行管理條例、證券投資信託及顧問法以及

信託業法。 
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第三節 我國金融業如何因應區塊鏈技術之興起 

經過第三章的敘述說明，吾人得以知曉台灣在區塊鏈金融應用或比特

幣發展過程中並非先行者。然而從 2016 年開始，局勢有了轉變，金管會

在 2016 年 5 月發布「金融科技發展策略白皮書」，也將區塊鏈與行動金融、

雲端服務、大數據、生物辨識並列為五大基礎建設，顯見政府已體認到，

金融業結合區塊鏈技術已是刻不容緩。我國金融業應如何因應？根據前述

的麥肯錫 2016 年報告，金融機構可採取三種行動策略：(一)聯合其他同業

組建/加入區塊鏈聯盟，諸如財金公司於 2016年 11月宣布籌備區塊鏈平台，

已將國內 45 家大大小小的金融機構納入「金融區塊鏈技術研究與應用委

員會」；(二)結合金融科技公司，發展核心業務的區塊鏈應用，諸如玉山銀

行與台大資工系副教授廖世偉及其團隊所研發出的區塊鏈協議GCoin合作，

共組區塊鏈發展專案；(三)銀行內部自行推動局部領域的應用，實施試驗

計畫，例如中國信託商銀在 2016 年 10 月宣布設立行內跨事業群的區塊鏈

實驗室。(四)銀行成立創客基地，聚焦在金融科技創新與區塊鏈的發展。

例如第一銀行正規劃與學界共同成立創客基地，為有創意有實力的創業者

提供更實質的創業場地與完整財務諮詢。接下來我們對此四種策略略作說

明，並列舉台灣金融業者已採取之行動。 

一、組建區塊鏈聯盟 

關於金融創新或金融科技的推廣應用，以往是民間的動作比政府快，

台灣金融科技公司曾多次呼籲政府對區塊鏈等新金融科技設置沙盒，並和

其他區塊鏈技術公司合組區塊鏈聯盟。中央銀行轉投資的財金資訊公司在

2016 年 10 月 17 日發函給國內各銀行，表示將成立「金融區塊鏈技術研究

與應用委員會」，為國內銀行業者搭建「區塊鏈平台」，由於係由有官方背

景的財金公司主導，加以目前加入該聯盟並不需要特別繳交費用29，故已

吸引 45 家金融機構加入。 

                                                 
29 相對地，中國信託商銀加入 R3 聯盟每年須花費 25 萬美元。 
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財金公司前身為金融資訊服務中心(金資中心)，過去在國內一直扮演

金融機構之間的橋樑，也是金融科技創新的重要推手，主要承接跨行的業

務資訊交換、跨行交易、帳務清算服務以及協助國內金融機構與國際組織

連結，擔任銀行第三方的重要角色，其背後由中央銀行負責管理。是以本

次由財金公司出面籌組區塊鏈平台，亦可說是金融主管機關協助國內銀行

業者發展區塊鏈應用。 

財金公司副總經理兼發言人黃昱程表示，為避免各家金融機構在區塊

鏈上的重複投資，是以規劃由該公司出面創造一個區塊鏈平台串連國內金

融機構，並且共同開發共用規則，協助國內金融機構創造應用機會。尤其

考量國內金融機構規模大小不一，透過財金公司將業者結合在一起進行開

發，可讓中小型金融機構也運用區塊鏈技術30。 

黃昱程表示「目前全國 45 家銀行都已經加入委員會」，2016 年 11 月

底會召開委員諮詢會來選定底層技術，2016 年年底以前將從國際上的主流

技術，包含 R3 聯盟所開發的 Corda、IBM Linux 基金會旗下的 Hyperledger

以及以太坊三者之中選出主要平台，同時也不排除國內如帳聯網等相關技

術，期望在一年內完成台灣金融區塊鏈。 

11月底的諮詢會另一個重點在於委員會要選定導入哪些金融產品進行

概念性驗證。財金公司近期請各銀行建立他們認為應該進行 POC 的項目，

可能的業務是供應鏈融資、跨境支付或貿易融資等，預計將在企業金融與

個人金融方面各選出兩項產品，並且用選定的技術進行 POC，驗證交易安

全性與速度，也驗證節點數要多少才適合等。黃昱程也表示，由於金融機

構屬於高度監管行業，「外界對跨行交易的要求是希望接近 100%的安全、

穩定，因此一定會在做完充分的驗證之後，才開始考慮試營運」。等明(2017)

年底平台建立後，產品上線或試營運的項目才會明朗。 

話說回頭，由於只有一年左右的準備時間，黃昱程坦言這是一大挑戰，

                                                 
30 本段以下財金資訊公司部分主要引用改寫自沈庭安(2016)。 
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「內部導入技術需要流程，外部也有流程要走」。除了時間緊迫之外，還

有技術的門檻，由於區塊鏈技術仍然很新，真正將技術導入到國內 45 家

銀行機構內部，還是需要一定的門檻與時間。 

面對外界區塊鏈的快速發展，黃昱程也分享他的觀察心得，「很多國內

或國際上的發展，看起來都講得很多，但做得很少」。他觀察區塊鏈應用

的實際內涵，其實成果並不豐碩，他也理解應用的難處。而區塊鏈的精神

在這些應用的過程中不斷修正，導致一些核心精神的消失，甚至衍生出缺

點來。因此，區塊鏈技術其實並不像外界所想的那麼完美。 

除了前述的財金公司區塊鏈大聯盟外，富邦金控也宣布將籌組「金融

區塊鏈聯盟」，成立帳聯網路科技公司(AMIS)，由 Maicoin 創辦人劉世偉

擔任執行長，實際帶領 AMIS 研發團隊的工程副總林祐德，則是台灣區塊

鏈早期研究者之一的政大資科系教授陳恭的學生。由於以太坊技術已有龐

大社群，是以選擇以太坊作為基礎來發展自主區塊鏈平台，更邀請以太坊

創始人 Vitalik Buterin 擔任顧問，目的在於讓各銀行的存款帳戶彼此相連，

節省未來匯款與轉帳支付的集中清算成本，同時提高匯款支付速度。已邀

國泰、台新、中國信託等金融同業加入，可以增資入股成為 AMIS 股東，

亦可只使用該平台之服務。 

二、結合金融科技業者 

玉山銀行在國內金融科技的發展，向來是處於領先的腳步。本次區塊

鏈的浪潮也不選擇缺席，該行在 2016 年 5 月宣布與台大資工系副教授廖

世偉及其團隊所研發出的區塊鏈協議 G-coin 合作，共組區塊鏈發展專案團

隊，研究試驗方向包含支付、帳聯網、智能合約與供應鏈金融等，第一步

將先在台大校園的封閉小環境試行小額支付等應用。玉山除了 IT 團隊成員

加入外，業務團隊成員也會加入此一專案團隊。 

值得一提的是，與玉山銀行合作的「台大金融科技暨區塊鏈中心」，成
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立於 2016 年 3 月，是台灣第一個金融科技暨區塊鏈中心。該中心成立召

開記者會時，行政院科技政委鐘嘉德親自出席記者會，業者包括新光創投

董事長洪國超、歐付寶董事長林一泓也都出席表達合作意願。當時想找該

中心合作的，不只第三方支付業者，國泰金控與玉山金控也都對區塊鏈技

術表達高度興趣。甚至阿里巴巴集團主席馬雲，也親自前來台灣找廖世偉

教授洽談。廖世偉教授同意無償授權 G-coin 技術，積極與業界合作，推動

商業上的應用。 

玉山銀行與台大金融科技暨區塊鏈中心的合作，以台大學生與校園商

家做為區塊鏈應用的實驗場域其來有自。因國內目前一般非信用卡方式的

手機支付，店家通常要 T＋2 日才能收到款項，透過區塊鏈技術，商家可

像現金交易般快速收到款項，預計明(2017)年第一季可望發表應用成果。

同時，玉山以台大校園做為區塊鏈前期應用的封閉環境，導入監理沙盒的

實驗概念，未來也會把實驗結果回報給金管會，讓主管機關設計區塊鏈監

理規範與制度參考。 

此外，另一個值得關注的重點是相關的金融科技人才培育。為因應數

位金融發展潮流，玉山銀持續推動培育數位金融人才的計畫，和各大學擴

大合作培育人才且擇優延攬至玉山銀工作。尤其為爭取更多優秀人才加入

區塊鏈的研究發展及應用，以及因應其他金融科技發展，今(2016)年擴大

和台大的培育課程合作，期望藉此培育更多數位金融人才。 

三、內部推動區塊鏈實驗與應用 

中國信託銀行在台灣金融界而言，算是發展區塊鏈應用的先行者，除

了前述的加入 R3 聯盟之外，也在 2016 年 10 月宣布成立「中國信託區塊

鏈實驗室」，跟中華電信、台灣大學與政治大學的研究團隊一起投入區塊

鏈技術研發，R3 聯盟全球協作實驗室負責人 Tim Grant 也親自來台表示支

持。該銀行區塊鏈實驗室負責人李約表示，中國信託區塊鏈實驗室成員約

50 人，背景包含來自銀行、證券與保險等事業單位，分別專注在業務規劃、
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資訊技術以及法令遵循上。中國信託所屬的跨國區塊鏈聯盟 R3 的成員也

會加入實驗室，參與專案討論以及擔任顧問角色。希望將區塊鏈技術運用

在跨境匯款、貿易融資、信用卡點數交換等方面。 

中國信託在區塊鏈的未來發展規劃上，可以歸納出三個面向：其一為

「跨境鏈」，與全球的金融機構進行跨國貿易、技術開發以及聯繫；其二

為「境內鏈」，大致上是表現在點數交換或者轉帳支付上；其三則為「行

內鏈」，行內各事業單位或者其他跨國組織目前也都利用區塊鏈來提升內

部效率，包括資金調度的自由度以及洗錢防制等，如【表 4-3-1】所示。 

【表 4-3-1】中國信託商銀規劃的區塊鏈分層應用 

層級 應用 

跨境鏈 跨境匯款、外匯交易、貿易融資、國際聯貸、境外

信託 

境內鏈 信貸、支付轉帳、財富管理、紅利點數、證券、保

險、信託 

行內鏈 行內資金調度、洗錢防制、認識客戶(KYC) 

資料來源：中國信託，本研究整理 

中國信託案例的啟發在於一家銀行可以同時採取多元的方式進行區塊

鏈發展應用，不用針對前述三種發展策略三選一。中國信託區塊鏈實驗室

負責人李約經理表示，該行的區塊鏈實驗室已經籌組一年，原本預期行內

鏈將是最快達成的應用領域，但加入 R3 後，相信跨境鏈層級跨境支付的

進度將大幅提前，有可能比行內鏈、境內鏈先行。而原本外界預測區塊鏈

的全面商轉時程也將從 2020 年提早到 2019 年甚至 2018 年底。另外一件

值得留意的事，有其他金融同業及金融科技業者質疑中國信託不加入本土
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的區塊鏈聯盟，卻每年花費 25 萬美元在國外的區塊鏈聯盟，中國信託總

經理陳佳文表示，該行並不排除加入國內的聯盟，然區塊鏈不能只侷限在

國內，「因為區塊鏈不能自己玩，確實加入國內聯盟，匯款給富邦、國泰

等金融機構會變得很簡單，但是加入國外聯盟的話，對技術提昇，與金融

的國際化，是必要的一步」。 

當然，區塊鏈除了方便金融業本身的交易進行或節省成本外，也可運

用在相關的跨領域使用上。國泰金控旗下的國泰人壽正規劃把區塊鏈應用

在電子病歷上，讓理賠作業與保險商品開發更有效率。由於國泰人壽關係

企業國泰醫院目前僅與長庚醫院合作線上調閱病歷，國泰人壽若想調閱保

戶在其他醫院的資料，仍須靠人工處理，有的醫院即便看到客戶同意書，

也可能基於個人資料保密等因素，不便提供客戶資料。國泰人壽正是希望

基於區塊鏈的信任機制，突破現有問題。 

四、成立創客基地 

擅長企業金融的第一銀行，近年來提供企業客戶供應鏈融資、銷售鏈

融資、價值鏈融資等創新服務，協助大中小型供應商與銷售通路最直接的

資金挹注。最近，第一銀行將再融合區塊鏈底層技術，多鏈接軌，不僅規

劃區塊鏈與支付結合，更計畫整合企業上下游金融應用、跨境融資與全球

資金調度管理等業務。第一銀行指出，區塊鏈的特色應是「動合無形，贍

足萬物」，將以不著痕跡的方式提供在各項客戶服務之中。金融與科技融

合只是過程，隱藏效益也並非都顯而易見，然其背後能解決金融問題與提

供附加價值才是真實而有意義的。 

目前第一銀行已規劃與學界共同成立創客基地，聚焦在金融科技創新

與區塊鏈的發展，將為有創意有實力的創業者提供更實質的創業場地與完

整財務諮詢，希望藉由產官學合作激盪火花，打造出創新的金融業務模式，

協助育成優秀的新創團隊，並鼓勵新創人才加入第一銀行的實驗室，藉由

雙方的交流，激盪出各式創新服務，共創雙贏。 
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類似創客基地的做法，在國外多有實例可循，只是未必與銀行合作。

以新加坡為例，創投公司 Life.SREDA 旗下之新創公司即以金融科技為發

展主力，其中當然包括開發區塊鏈應用的新創事業，例如 Otonomos 致力

提供線上財務、技術及法律服務予企業，採取區塊鏈技術，協助企業運用

分帳式資料處理愈來愈多資料記錄，並防止被竊取與篡改，企業透過 digital 

share wallet 的申請使用，迅速達成 P2P 的股權移轉，以吸引共同創辦者、

私人投資或大眾資金，並運用區塊鏈技術自動更新企業的資本結構表，協

助企業管理公司。而加密技術則有助建立公司安全的資訊系統、股份轉讓、

董事會投標決議等，提供企業一全新的數位秘書服務系統。再如 Quoine 

Exchange，是新加坡一家提供比特幣交易和其他加密貨幣相關服務的新創

公 司 ， 以 亞 太 地 區 為 標 的 ， 其 商 業 模 式 係 採 取 B2B2C

（business-to-business-to-commerce），為比特幣交易提供後端引擎。目前主

要市場在日本，為日本最大的比特幣交易中心，並且在世界領域也是名列

前茅，從成立之初的日元計價交易開始，現已拓展至美元、歐元、新加坡

幣和港幣等十種貨幣。 

新加坡政府以國家的高度，替新創產業提供場域，作為新創產業之育

成中心，成立類似美國矽谷之 LaunchPad 新創企業聚落生態體系

（ecosystem），目前該聚落位於「BLK 71」、「BLK 73」和「BLK 79」等三

座大樓(前述創投公司 Life.SREDA 以及其旗下之新創公司即設立於此)，可

租用面積約 30 萬平方英尺，鄰近新加坡國大學(NUS)、科技園區、生技園

區及媒體園區，且比鄰新加坡標新局（SPRING，負責中小企業）及新加

坡科研局（A*STAR，新加坡國家級研發機構），為新創企業發展提供了完

整的生態體系。政府單位中以新加坡標新局負責提供財務諮詢，其亦與民

間共同設立「SPRING SEEDS 種子基金」，協助新創企業發展。新加坡政

府為促進該國金融科技的創新，於新加坡金融管理局(MAS，即新加坡中

央銀行)設置一筆新幣 2 億 2,500 萬元(約合新台幣 56 億元)，為期五年的專

款，用來補助新創業者成立實驗室的人力費用。執行程序上先由業者支付
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研發人員薪水，再向政府申請專款補助，換言之，實際由政府(部分)負擔

科技創新研發人員的薪資成本。該項政策之優點在於，直接將資金投入創

新的關鍵要素—人力資源上。此外，新加坡政府在挹注資金直接投資的對

象，並未限定該國企業，採取開放態度。這些做法，實堪我國政府借鏡。 

五、小結 

區塊鏈應用領域雖廣泛，但是台灣資源有限，且台灣金融環境長久以

來存在過度競爭的境況，能否透過合作帶來事半功倍之效，端視經營者的

策略考量。在推進區塊鏈技術應用方面，應審酌己身產業優勢與應用需求

切入，金融業應密切注意國際機構其動向。 

綜合前述因應策略，並檢視幾項國內金融業區塊鏈技術發展經驗，可

以歸納出幾點發現心得：1.國內金融業在區塊鏈的實驗發展已經展開，現

階段可說是各自努力發展，國際間三大技術平台 R3 Corda、Hyperledger

與以太坊皆有其擁護者；2.導入區塊鏈應用技術不必拘泥於任何一種策略，

甚至可同時進行；3.人才是金融科技發展的重要根據，國內金融業者對於

培養人才以及與學校或國際現有技術團隊的接軌也應多所著墨。 

此處必須強調，人才是金融科技發展的重要根據，因此科技問題同時

也是人才問題，金融業對於區塊鏈的人才培育尤需特別重視。這是因為區

塊鏈與其他大部分金融科技(例如行動支付)不同，區塊鏈本身只是一項技

術，而該項技術並非僅針對單一特定金融業務，欲判斷區塊鏈究竟適合應

用於何種金融場域，則必須同時對金融業與區塊鏈均具備相當程度的瞭解。

即舉前述區塊鏈應用於貿易融資為例，非金融業出身的區塊鏈專家不太可

能看出貿易融資業務潛藏著區塊鏈技術的用武之地；同樣的，銀行業者即

便早已通曉貿易融資的風險所在，但如果對區塊鏈一無所知，自然也想不

到植基於區塊鏈技術的解決方案。 

區塊鏈技術的這項特性，一方面造成金融科技新創事業某種程度的進
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入障礙，另一方面，這也恰恰顯示出金融業者培育相關人才的重要性。由

於銀行的業務琳瑯滿目、包羅甚廣，而區塊鏈技術僅此一端，所以幾乎可

以確定，區塊鏈這項金融科技在金融業的應用，不至於被科技業者壟斷，

金融業將佔有一定的主導地位。事實上，最先看出區塊鏈可用於改善某項

業務並具體執行的銀行業者，等於開闢出一片新藍海，巨大獲益可期；而

隨著日後其他業者紛紛跟進，也將有助於整體金融業的提升。因此目前的

當務之急，是必須增加金融從業人員對區塊鏈的認識。 

對於金融業者如何培育區塊鏈相關人才，在知識經濟的時代中，有機

會接觸新觀念的人員，當然是多多益善，但在考量控制教育訓練成本的前

提下，我們建議可採取兩階段的作法：第一階段屬於策略面，第二階段劃

歸執行面。 

首先，針對行內中高級主管介紹區塊鏈，介紹的內容不必過於強調技

術面(將基本概念解釋清楚即可)，最主要的目標是要讓這些兼具資歷與視

野的金融專才，得以確實掌握區塊鏈的特性。一旦讓中高級主管確實掌握

區塊鏈的特性，則搭配其豐厚的金融專業素養，就有可能看出應用區塊鏈

在銀行業務(不論是改善傳統業務或創造新業務)的嶄新切入點，至少可以

對區塊鏈技術的應用與發展，形成正確的方向感，在面對其他同業率先導

入區塊鏈時，有能力思索自家銀行的因應之道。 

倘若確定要將區塊鏈應用於某特定金融業務，則可針對該項業務相關

人員介紹區塊鏈，及如何應用區塊鏈於該項業務的作法。可以想見，在推

行這類革新時難免會遇到阻力，最常見的情形，是原本負責該項業務者不

認為有改變的必要。所以此處所謂向其介紹區塊鏈，其實兼具溝通的功能，

為能化解歧見，並有助於日後工作推動順利，介紹的內容可視情況加強技

術面的深度，某些技術性的細節也須具體說明。 
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第五章 結論與建議 

第一節 研究結論 

區塊鏈是支撐比特幣系統運作的底層技術。比特幣的區塊鏈總帳是一

長串的區塊，每一區塊是大約同時間發生的交易群組。只要系統持續運轉，

這個鏈便無限制增長。一般來說，區塊鏈是指通過去中心化的方式集體維

護一個可靠資料庫的技術方案。該技術方案讓參與系統中的任意多個節點，

把一段時間中系統內全部資訊交流的資料，通過密碼學演算法計算並記錄

到一個資料塊（block），並且生成該資料塊的「指紋」用於鏈結（chain）

下個資料塊和校驗，由系統所有參與節點來共同認定記錄是否為真。區塊

鏈在本質上是一種「分散式共享帳簿」，即每個參與節點都保管並隨時更

新一份相同的總帳。 

區塊鏈是跨領域技術的整合，涵蓋資訊安全、密碼學、經濟模型及算

法算力，其中最重要的創新在於共識演算法的突破，使其被稱為「信任機

器」(Trust Machine)。如果信任是主要的區塊鏈使用動力，銀行間已互相

信任，為何我們還需要一個信任網路？答案是當檢視目前信任系統的經營

成本時，會發現這些成本已變得過度龐大31。部分是因為法規造成，部分

是因為各金融機構專用系統之間的複雜整合所需。 

區塊鏈如何引入公鑰密碼學與數位簽署的技術，以構築其信任機制，

亦為本研究報告的論述重點之一，詳細內容可參閱第二章。區塊鏈的特色，

包括「去中心化」、「匿名性」、「不可竄改性」、「可追蹤性」以及「加密安

全性」等等，其中「去中心化」堪稱區塊鏈最為核心的特性。基於上述的

這些特性，區塊鏈能夠解決的問題包括：第一、在大家互不相識的情況下

建立信用機制；第二、改善中心化導致的非技術方面成本過高的缺點，包

括管理成本、組織架構的佈建等；第三、能使資訊真實透明可追溯，便於

核對與審計，可以提高效率，但同時保護客戶的隱私；第四、記錄有時間

                                                 
31 引述自 Mougayar(2016)。 
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序列的資料，例如交易確認、版權登記等。 

區塊鏈的生態系可分為底層協議建構團隊、服務供應商以及區塊鏈上

層的應用。如比特幣、Ripple 和 GCoin，都是最底層的區塊鏈協議。而區

塊鏈服務供應商有些會自己開發一套區塊鏈，有些拿現成的區塊鏈協議來

修改，再提供 API 或是服務給金融機構。最上層則是區塊鏈應用平台如比

特幣交易所、或是美國 NASDAQ 所採用的 Linq 交易平台。 

目前全球的發展狀況，區塊鏈投資主要集中在北美、歐洲，其次才是

亞洲，且以中國為主。北美約有十幾家區塊鏈服務提供商，並且獲得當地

金融機構與政府單位的重視，而台灣目前真正握有實際技術的區塊鏈服務

商不多，大部分只是比特幣交易商。 

過去一年多來，區塊鏈在我國雖逐漸受到高度重視，但截至目前均停

留於概念性驗證(Proof of Concept)的階段，也就是許多產業對區塊鏈有興

趣，正在試探它可能的應用方式。在進程上，區塊鏈 1.0 是加密數位貨幣

體系，區塊鏈 2.0 是強調智能合約的金融科技，區塊鏈 3.0 則是物聯網。

目前已經驗證的成果是金融清算以及加密貨幣的部分，區塊鏈 2.0 智能合

約的商業應用還未被驗證，因此台灣目前的進展，應該是正由區塊鏈 1.0

往區塊鏈 2.0 的方向移動。 

目前我國區塊鏈在技術發展上，已不同於比特幣區塊鏈每十分鐘確認

一次交易，台大 G-coin 及國內部分銀行業者已可做到每十五秒清算一次，

雖然仍不足以應付高頻交易，但已較比特幣區塊鏈速度快四十倍。此外，

目前比特幣區塊鏈只要系統中超過一半以上的電腦達成共識，即可修正交

易紀錄，台大 G-coin 竄改資料的難度遠過於此，必須達到 99.99％的參與

者達成共識方能修改。由此可見，G-coin 的區塊鏈架構，更能配合國家監

管需求，可兼顧交易效率與用戶資料安全。 

區塊鏈或分佈式帳本交易處理系統，將為金融市場帶來巨大衝擊，最
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直接的運用就是清算業務，可降低交易的複雜性，並有效監控諸如股票、

債券等有價證券資產的交易過程。區塊鏈能加速銀行後台清算，達到交易

即清算的境界，連稽核手續都可節省。區塊鏈不但能幫銀行節省成本，還

能化身金融創新的基石。除了打造行動支付、P2P 借貸平台，區塊鏈也能

用於群眾募資、跨境匯兌、貿易融資、有價資產發行，乃至製造業用來改

善供應鏈的效率。 

區塊鏈對現在的金融機構形成機會與挑戰，銀行若沒有進行產業升級，

極可能失去競爭優勢。當各家銀行紛紛導入區塊鏈，此時還在採用傳統資

料庫的銀行，恐怕會因相對較高的營運成本而難以生存。面對此種變局，

對銀行來說有兩種選擇，一種是自己採用一套區塊鏈來提供服務，如美國

NASDAQ 所採用的區塊鏈平台 Linq；另一種則是和別人一起共用同一套

區塊鏈，如全球 42 家銀行組成的區塊鏈聯盟 R3，便是想要找出一套大家

都認定的區塊鏈，作為這些銀行之間的交易清算平台。 

R3 聯盟提出了金融區塊鏈的概念，並完成了概念驗證，以清算貿易和

KYC 業務會是 R3 優先推出區塊鏈產品的項目。R3 運用區塊鏈的概念，但

不是直接使用區塊鏈技術，而是改用分散式帳本技術來發展出適合金融系

統每秒上千、上萬筆交易需求的專用平臺，解決擴充性問題以及提供權限

讓各國政府機關也可以參與實施監理。目前 R3 也和其他區塊鏈技術建立

互聯，可以支援各大主流區塊鏈技術。 

當前的發展態勢已等同於進入區塊鏈的戰國時代，亦即各種區塊鏈協

議逐漸成形，但行業標準尚未確立。由於區塊鏈有技術上的進入門檻，金

融機構從理解區塊鏈，到接受區塊鏈，再進而發展出一套成熟的區塊鏈技

術，真正應用於業務上以創造新價值，恐怕還需要長達數年的時間。目前

的重點還是要著眼於實驗區塊鏈技術，展示區塊鏈的能力，並從中學習未

來走向。 

要使區塊鏈的商業應用廣為大眾接受，最重要的關鍵之一，便是使用
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區塊鏈處理的交易，必須被認可具有法律約束力，並在法遵需求可接受的

範圍內。而這牽涉到重新檢視記錄保存或法遵規則，或者至少得確保新法

令不會讓各機構無法使用區塊鏈來執行這些交易。 

總而言之，透過區塊鏈的確能夠解決一些問題，但也有很多問題是區

塊鏈不能解決的。區塊鏈技術本身終究只是一項技術，重要的是金融業者

想解決什麼樣的問題，而金融機構或是其他產業，採用這些技術來解決問

題又能創造什麼樣的價值。發現銀行業潛在的需求，並找出真正需要靠區

塊鏈技術或分散式分類帳所解決的問題，對國內銀行業來說才是最重要的

課題，也是最大的挑戰。 
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第二節 建議彙整 

如同前面章節所述，不論是區塊鏈或者其他科技金融的發展，相信都

將帶來席捲全球銀行業的新浪潮，尤其區塊鏈的發展更是注重專業人才的

投入，金融業者與主管機關都必須更快速地訂出發展計畫，以因應傳統金

融產業科技轉型對台灣的衝擊。職是之故，本研究提出幾項重點建議32： 

一、區塊鏈雖源於數位貨幣，推動金融科技應側重於區塊鏈技術 

區塊鏈雖然與虛擬貨幣關係密切，但是與貨幣相關的議題，往往牽涉

到國家的總體經濟及總體貨幣政策，因此對台灣的金融業來說，目前不需

要投入過多關注在虛擬貨幣本身的發展。若以推動金融科技發展為主軸，

則應該著重在區塊鏈技術本身。比特幣等各式虛擬加密貨幣，只是區塊鏈

技術應用的一環，完全不能等同於區塊鏈技術。區塊鏈技術應用在銀行業

務的空間很大，包括研究透過區塊鏈技術進行貿易融資、供應鏈融資、B2B 

跨境支付與交易後台結算業務等。 

二、建立銀行業通用的標準創造區塊鏈技術最大效益 

由於銀行業區塊鏈技術要發揮最大效益，建立一個大多數銀行業通用

的標準至重要，如果必須大規模調整現有基礎設施，而區塊鏈技術能否真

正成為銀行和企業交易的底層技術標準仍待投入研究，對銀行業來說更加

需要審慎評估，且領導性銀行帶頭投入之後其他銀行是否跟進也是關鍵，

然而 Fintech 公司已經積極投入當中，包括未來產業包括金融業透過區塊

鏈技術將基礎設施轉移到雲端的趨勢，未來銀行業與 Fintech 的競合發展

值得關注，包括 IBM 和微軟與國際性銀行的合作專案包括貿易融資、外匯

結算、智慧合約等在未來二年將有實際成果，目前國內銀行業尚在整合階

段，借助財金公司等機構的起頭中介角色十分重要。 

                                                 
32參考「從新興關鍵趨勢看金融業創新經營策略」(2015)、「台灣銀行業者發展亞洲區域銀行之研

析」(2015)及「銀行業關鍵性人力資源供需之研究」(2016)等台灣金融研訓院研究報告。 
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三、金融業應積極培育區塊鏈相關人才 

人才是金融科技發展的重要根據，因此科技問題同時也是人才問題。

區塊鏈本身只是一項技術，而該項技術並非僅針對單一特定金融業務，欲

判斷區塊鏈究竟適合應用於何種金融場域，則必須同時對金融業與區塊鏈

均具備相當程度的瞭解。在考量控制教育訓練成本的前提下，我們建議銀

行可採取兩階段人才培育的作法：第一階段屬於策略面，針對行內中高級

主管介紹區塊鏈，介紹的內容不必過於強調技術性細節(將基本概念解釋清

楚即可)，最主要的目標是要讓這些兼具資歷與視野的金融專才，得以確實

掌握區塊鏈的特性；第二階段屬於執行面，在確定要將區塊鏈試行於某特

定金融業務後，則可針對該項業務相關人員介紹區塊鏈，及如何應用區塊

鏈於該項業務的作法，為能化解歧見，並有助於日後工作推動順利，介紹

的內容可視情況加強技術面的深度，某些技術性的細節也須具體說明。 

目前幾乎所有區塊鏈協議都是開源的，因此要取得區塊鏈協議的原始

碼不是問題，重點是要找到好的區塊鏈服務供應商，協助導入現有的系統。

而銀行、保險公司等金融機構必須對區塊鏈有一定的了解，才能知道該如

何選擇，並應用於適合的商業情境。國內金融業者對於培養人才以及與學

校或國際現有技術團隊的接軌也應多所著墨。由於台灣的金融科技發展較

之部分歐美國家，仍有進步空間。是以建議金融業者除自行培養內部人才

外，亦可考慮透過稅制優惠設法吸引國際間區塊鏈或相關金融科技專業人

才，除了藉由引進國際專業人才帶來技術提升與相關管理制度外，也可做

為國內金融業者發展金融科技的種子，透過與本地人才的交流，激發更多

的創意與靈感。 

四、透過區塊鏈技術推動銀行業、製造業及物聯網產業之可應用性 

物聯網產業是我國五大策略新創產業的重點，物聯網業者可以透過區

塊鏈技術監管智慧裝置與外部智慧網路裝置的互動狀況，確保智慧裝置的

正常營運與智慧系統自動更新軟體與智慧派員維修程序，以及包括透過區
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塊鏈技術控管食品安全履歷的建立等。銀行業方面，目前受限於「共識機

制（Consensus）」，每筆交易都得獲得區塊鏈上的每一個成員同意才能生效。

未來 Hyperledger 可以將共識機制改良為適用銀行業的機制，只要涉及交

易者同意即可，不需要每位成員同意只需交易雙方同意即可生效，可讓一

些小額 P2P 交易的執行效率更快。亦即未來因 Hyperledger 採開源專案的

特性，銀行業及其他金融業、製造業、物聯網產業可以透過區塊鏈貢獻原

始碼來創造出配合屬於該產業業特有特性的底層協定。 

五、提高區塊鏈金融從業人員專業訓練與產學合作 

與非金融業者競爭，區塊鏈在金融端的應用仍屬前瞻性的科技，需要

學有專精的科技專才。為了吸引金融科技專業人才，薪資福利是重要的條

件。例如台灣金融業從業人員的薪資水準相較於國際型金融機構或其他亞

洲區域金融機構仍屬偏低。區塊鏈人才是金融資訊整合性專業的人才，也

是目前各國金融機構競相追逐的對象，人數相對稀缺，建議台灣銀行業者

適當參考國際薪資水準，逐漸提高金融科技相關從業人員待遇。尤其針對

特殊專長或關鍵業務職位，則考慮儘快與國際水準接軌，避免因薪資福利

而在人才競爭上無法與其他國外金融同業競爭33。 

台灣要發展區塊鏈等金融科技，必須有更多金融科技的創新研發基地，

建議金融業者可以與大專院校合作，透過大學院校研究中心延攬跨院、跨

校、跨產業的優秀研究人才，仿效國外金融業者建立產學合作平台及創新

實驗室，提供更多國際金融科技知識交流與創新研發成果分享，協助金融

科技的研發創新工作，舉辦金融科技創新提案競賽，協助優秀創新方案盡

快落實於產業實務運作中34。 

六、金融業應追蹤區塊鏈的發展趨勢，並給予長期穩定的合理投資 

並非所有銀行都必須在現階段投入大量人力財力發展區塊鏈，畢竟發

                                                 
33 參考閻台生、彭勝本與謝順峰等(2016)。 
34 本段內容引用改寫自王儷玲「解讀金融市場/發展金融科技」，經濟日報，2016 年 11 月 14 日。 
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展區塊鏈需要資金，也需要規模經濟支撐。但是我們建議，銀行對於區塊

鏈技術的發展與應用，至少應有「長期穩定的合理投資」，如此才不至於

在未來金融業配合區塊鏈轉型時受到太大衝擊。 

區塊鏈應用領域極為廣泛，但考量台灣資源有限，且台灣金融環境長

久以來存在過度競爭的景況，能否透過合作帶來事半功倍之效，端視經營

者的策略考量。在推進區塊鏈技術應用方面，則應審酌己身產業優勢與應

用需求切入，同時金融業者應密切注意國際金融機構及金融科技公司在區

塊鏈技術與應用方面之動向。 

七、面對區塊鏈技術興起，我國金融業有數種具體因應模式 

第一、聯合其他同業組建/加入區塊鏈聯盟，例如財金公司於 2016 年

11 月宣布籌備區塊鏈平台，已將國內 45 家大大小小的金融機構納入「金

融區塊鏈技術研究與應用委員會」；第二、結合金融科技公司，發展核心

業務的區塊鏈應用，例如玉山銀行與台大金融科技暨區塊鏈中心所研發出

的區塊鏈協議 GCoin 合作，共組區塊鏈發展專案；第三、銀行內部自行推

動局部領域的應用，實施試驗計畫，例如中國信託商銀在 2016 年 10 月宣

布設立行內跨事業群的區塊鏈實驗室。第四、成立創客基地，聚焦在金融

科技創新與區塊鏈的發展，例如第一銀行正規劃與學界共同成立創客基地，

為有創意有實力的創業者提供更實質的創業場地與完整財務諮詢。建議導

入區塊鏈應用技術不必拘泥於任何一種策略，甚至可同時進行。 

八、政府提出吸引與培育區塊鏈或金融科技相關人才建議 

政府對於區塊鏈或其他金融科技之發展與未來趨勢也有相當認知，是

以在民國 105 年 5 月公布《金融科技發展策略白皮書》，內容包含 4 大面

向、8 大主軸以及 11 項施政策略，也納入區塊鏈發展相關議題，足見此一

議題已然成為政府機關關切議題，經由具有央行背景的財金資訊公司出面

號召成立本土區塊鏈聯盟更是一個明顯例證。當然，本計畫相信在區塊鏈
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的發展上，仍有值得持續留意加強者，是以本研究在此對於整體金融產業、

教育環境與政府提出吸引與培育區塊鏈或金融科技相關人才建議如下： 

(一) 持續檢討與放寬引進優秀金融科技人才規範 

隨著網際網路的發達與資訊的傳播便利，未來人才的流動將更全球化，

更強調對外部環境的對應，隨著更多新世代投入職場，如何吸引外籍優秀

區塊鏈或金融科技人才將是我國主管機關與銀行業者需要不斷調整因應

之政策。考量提升人才戰力，他國已相繼提出新政策措施來吸引其他地區

優秀人才，如法國針對有技術專長或特殊專長的人才設立「人才護照」；

日本政府則推出「專業人才積分政策」，藉此吸引海外專業人才，期望可

滿足國內的人才缺口，台灣若要再區塊鏈發展上有所斬獲，在人才吸引方

面更不能掉以輕心。 

(二) 強化金融業者、學校與培訓機構之交流合作 

區塊鏈等科技金融人才的培育，並非單靠銀行業者或學校一方即可成

功，是以本研究建議需要透過三方合作，整合金融業者、學校與金融培訓

機構資源。尤其考量目前大專院校培養人財金融專業訓練不足，常被業者

評論有學用落差，本研究建議部分大學可成立「金融科技學院」，在其中

規劃設立金融區塊鏈學系或學程。規劃定位至少院級以上的學程，甚至是

跨院的金融科技聯合課程。學校可以向國際取經，設計結合財務、資訊、

營運與管理等各種科學的學程，並依校方資源調整資師資與課程，建立種

子師資培育。 

(三) 政府出面成立金融科技研究發展中心 

建議政府出面整合既有學術機構、金融機構，金融資訊廠商，以及新

創科技金融公司聯合成立金融科技研究發展中心或類似機構。金融機構可

以提供金融領域的實地運作了解，提供專業技術性業師，挹注師資陣容。

金融資訊廠商則負責能力提供財金、法規等方面的龐大數據庫(如倫敦帝國
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學院與數據廠商合作金融監管科技)。政府方面則可設計提供稅賦優惠，或

是專案的獎勵，給予協助發展區塊鏈技術的金融機構或金融數據廠商，協

助減輕在成本以及授權上的負擔。 

(四) 擴大國際交流，與國際 Fintech 課程接軌 

考量目前國際上金融科技發展情況，歐美先進國家甚至中國大陸金融

科技發展仍有值得台灣仿效之處，建議邀請各國金融或科技重要領袖，來

台進行經驗分享。尤其是在國際金融機構工作的區塊鏈學者，以及全球成

功金融科技新創專家。然而此工作耗費甚大，不易由台灣的單一學校可以

做到，建議除可以由前述國家級金融科技研究中心協助邀請外，其他的國

家級學術機構，如中央研究院，亦可以其在世界學術界的高度、國家級資

源，引進國際級業師，進行深度的培育及布局。 

(五) 政府可在推動區塊鏈應用上更為積極開放 

政府可參考新加坡的作法，替科技金融新創產業提供場域，作為新創

產業之育成中心，成立類似美國矽谷之新創企業聚落生態系；亦可同時與

民間共同設立「種子基金」，協助科技金融新創企業發展；或設置一筆專

款，用來補助科技金融新創業者成立實驗室的人力費用，直接將資金投入

研發創新的關鍵要素—人力資源上。此外，挹注資金直接投資的對象，也

未必要限定本國企業，可採取開放態度，以收廣納國際人才之效。 

(六) 強化金融科技監理作為後盾 

區塊鏈等前端金融科技的發展固然是幫助銀行提高獲利或載與科技

金融業者競爭中扳回一成的動力來源，然亦須在後面設定保護傘，謹慎控

制相關風險。如同玉山在台大校園實施的區塊鏈實驗場域般，建議政府在

鼓勵發展區塊鏈等金融科技的同時，也不要忽略引進各國金融科技監理

(Regulatory Tech)之發展經驗與技術，強化金融科技之監理效能，透過大數

據分析與量化分析為資訊安全與風險管理做有效的把關，並儘快研擬配套

以強化金融科技之法律遵循、資訊安全、風險管理與消費者保護。  
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附錄一 訪談紀錄 

華南銀行訪談紀要 

「區塊鏈及數位貨幣在金融業的影響與應用」 

一、時  間：2017 年 01 月 11 日(星期三)上午 10：00-12：00 

二、地  點：華南銀行資訊科技處(台北市中正區泉州街 15 號 4 樓) 

三、受訪者：杜文宗處長、林大園科長 

四、出席者：林士傑副所長、張凱君研究員、李宛蓁分析師 

五、會議記錄 

1. 杜處長：華南金控目前有加入財金公司及 KPMG 兩個區塊鏈相關組織，

並將區塊鏈分為兩塊進行，一為業務端，由數位金融部負責，一為技

術端，由資訊科技處資訊規劃開發部負責，目前已上線的 HNoTe 即由

本部門所開發。 

2. 以區塊鏈發展現況，是否有建議的商業應用模式？ 

杜處長： 

區塊鏈技術目前面臨的問題在於瞭解技術後該如何實際應用，如

貴院研究報告內所說，區塊鏈是一種技術，應用上非一蹴可及，雖有

部分人士樂觀認為科技發展快速，一兩年內即可能蓬勃發展，但我認

為目前區塊鏈實際應用上尚有缺口，僅處於討論階段，須花較多時間

研究如何應用區塊鏈技術，但開發不能停滯，因考量內部資金調度問

題，華南金控僅先將技術帶入紅利積點。 

華南銀行各部門會在每年年初討論該年度的發展方向，現在還不

確定今年要以紅利積點為方向或從金控落實應用區塊鏈技術，確立方
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向後較能與同業分享經驗，目前技術與應用尚未串聯，業務方不瞭解

區塊鏈技術，對效率、保密等方面存疑，溝通上有隔閡，應設法解決

這項疑慮。雖國際上已有許多區塊鏈應用實例，但台灣對這項技術有

信心的人不多，還需要時間溝通。 

3. 華南銀行開發的 HNoTe 目前已可執行，是否可介紹一下其主要功能？ 

林科長： 

先由 HNoTe 的建置說明，HNoTe 是模仿比特幣的架構而建構，比

特幣是一虛擬貨幣，建置時有討論是否執行 Hcoin，但因貨幣議題較

為敏感，故調整後改為 HNoTe。 

HNoTe 不強調貨幣特性，內容可包含原生貨幣外產生之合約或其

他通知事項，並開發 API 部分以執行指令，另建立錢包，與比特幣相

同，可隨時產生帳號，主要傳輸應用面的訊息，但目前為測試階段。 

錢包有實做 Mac 機器及 windows 機器兩部分，HNoTe 建置了

HNoTe.info 及 HNoTe.org 兩個網站，.org 部分主要闡述 HNoTe 理

念，.info 部分會將程式做分享，會如此規劃主要是為了在集團內測試，

是否只要在.org 下載錢包，即可加入鏈內。 

 華銀目前有加入財金及 KPMG 兩個研討會，財金主要在測試區塊

鏈於企業金融方面的應用，目前較偏向轉帳部分，想將區塊鏈套入 EDI

交易上，目前業務組及技術組皆有加入。轉帳有幾種方式，如通匯、

ATM、EDI 等，EDI 為較早期的轉帳方式，希望套入區塊鏈技術後，

EDI 可不用透過財金公司而是以 P2P 的方式轉帳。KPMG 的部分，主

要在討論中小企業融資，實驗由客戶端發出融資需求，透過區塊鏈連

結起來。 



110 

 

區塊鏈技術需要以區域聯盟的方式集體運作才有機會發展，最有

機會的就是以類似財金公司這樣的角色來主導，因區塊鏈技術的應用，

僅單獨一家銀行難以運作，故華銀在區塊鏈技術應用方面，並未有進

一步的研究，僅參與研討會瞭解實作情形，KPMG 主要使用以太坊技

術，財金則傾向使用 IBM 的 Hyperledger 來實作，目前還在評估，下

一步將使用較主流的技術運作，才有機會與外部串聯。 

R3 聯盟方面，目前台灣僅中國信託有加入，雖有來行說明組織架

構，但因費用昂貴，業管單位還在評估中。 

4. HNoTe 與比特幣之間的關係為何？ 

林科長：HNoTe 是模仿比特幣架構，使用 C 語言另外寫一套程式。 

5. 如果是模仿比特幣的架構，是由誰擔任礦工角色以建立信任機制？ 

林科長：目前為實驗階段，使用 4-5 台機器代表礦工節點來擔任礦工

角色，下一步實作，如果有需要也可使用虛擬化 VM(虛擬機器)製造多

節點。 

6. HNoTe 可用來調度集團內資金，所以是類似帳本的概念嗎？ 

林科長：是，我們要解決在 HNoTe 內原本有的幣別計價單位，內部資

金要如何做幣別兌換，且符合主管機關的規範，這是一項挑戰。 

7. 所以需要另外的計價單位，不能使用新台幣嗎？ 

林科長：也是可以的。 

8. 在資金調度方面，HNoTe 改善了哪些問題？ 

杜處長：資金調度較有效率。剛剛提了兩個部分，一個是實際資金的

問題，會顧慮央行規範，要視主管機關想法而定，較為複雜。另一部

分是紅利積點，其本身即有一換算方式，可以不用考慮幣別兌換問題，
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且點數可兌換百貨用品，但目前僅行內測試，希望未來無論客戶或其

他同業都願意加入。 

9. HNoTe 目前行內測試情形如何？ 

杜處長：因大家對區塊鏈還很陌生，溝通上有困難，僅團隊內的人員

在使用。 

10. 區塊鏈用在貨幣流通上會受主管機關限制，但在資訊流通上可能有發

展的空間，比如紅利積點，對消費者而言，若可整合各家銀行信用卡

的紅利，使用上會更加方便，區塊鏈是否可作為整合的工具？ 

林科長：若要整合，會產生主導權的問題，因各家銀行紅利計價方式

不同，若要統合各家銀行的紅利，該由誰主導是一個問題。 

11. 所以目前台灣需要一個領頭的單位，而非中心單位，就如科長所說，

財金公司適合扮演這個角色，目前也已集結眾多業者，那適用的情境

為何？ 

林科長：目前是針對案件討論的狀況，如紅利積點。 

12. 目前 KPMG 主要在嘗試中小企業融資方面的應用，是否類似資訊交

換？ 

林科長：是的，類似徵信的概念，無論客戶在哪家銀行貸款，只要在

這個區塊鏈上，即可分享資訊。 

13. 但銀行也許不見得會希望其他同業知道自己有哪些客戶？ 

林科長：所以這也是一個難題，目前只是將技術跟業務套在一起討論，

部分細節有待商榷，比如在去中心化的架構下，開戶、轉帳等皆可自

己處理，中間若發生錯誤，客戶該找誰？融資撥款時，是否有手續費

的問題？何時撥款？很多細節沒有考慮到，未來還有一段路要走。 
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杜處長：提出一點個人經驗分享。十多年前，某商店提出辦卡買商品

可積點，點數可換購商品，後來發展到於多家特約商店消費皆可累積

點數，且每間特約店皆可抵用，對消費者來說十分便利，類似紅利積

點的區塊鏈應用概念，但後來店家認為於店內消費的點數，會使別家

店生意變好，即取消此方案。會發生這種情形，表示開辦當時沒有經

過審慎考慮。紅利積點兌換商品的本意是培養客戶忠誠度，這種紅利

積點共用的作法似乎不是合理的商業模式。 

14. HNoTe 已可上線，國內是否有其它銀行已應用區塊鏈實作？ 

林科長：目前富邦在行內實作使用真實貨幣轉帳，但不清楚進度如何。 

15. 銀行是否可能與異業合作，讓業務進一步擴大？例如使用區塊鏈技術

改善食品安全問題，未來行動支付可查詢食品中各原料來源及中間商

資訊等等？ 

林科長：改善食安問題應由政府著手進行，加入區塊鏈技術也許可改

善食品標示造假問題。 

杜處長：這是一個好方向，通常談到區塊鏈應用，很容易朝著數位貨

幣的方向思考，如果可以脫離這個思維，也許是個機會。 

16. 剛剛提到的中小企業融資，分享的其實是銀行內部非常機密的資訊，

銀行是否會有疑慮？ 

林科長：所以未來要實際應用可能會改變一些作法，需要分享的資訊

才分享，但目前還是實驗階段，沒有這麼快可以實踐，以目前 HNoTe

實行狀況，區塊鏈較不適合套用在銀行即時交易部分，Hyperledger 及

以太坊皆在測試將其變形，期待未來可適用於商業用途。 

17. 證券業是否會受到較大影響？ 
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杜處長：本金控對於區塊鏈在證券部分的應用，是交由證券子公司研

究，在交易撮合的層面是有些擔心，如果交易不須經過交易所，未來

也不需要證券業了。大家對於技術可以解決的問題還需要溝通。 

18. 為適於金融業應用，區塊鏈技術需要改進，華銀的區塊鏈是否可配合

調整？ 

林科長：IBM 的 Hyperledger 可做為參考，實作上正在觀看風向，若

有明確方向，會直接導入新技術。 

19. Hyperledger 是否為開源程式碼？ 

林科長：Hyperledger 與比特幣相同，皆是開源程式碼，可以直接引用，

只是目前人力主要放在比特幣區塊鏈，若要使用 Hyperledger 還是需要

投入部分人力研究，或是未來有成立聯盟，會直接參與聯盟，用同樣

技術實作會發展較快。 

20. 華銀原則上是自主開發區塊鏈技術，必要時再將開源技術帶入，為何

選擇採用 Hyperledger？ 

林科長：以太坊與 Gcoin 等都是以比特幣為基礎做調整，Hyperledger

較接近金融業應用。 

21. 財金公司與 KPMG 運作模式為何？ 

林科長：開業務會議訂定方向，再做技術開發，兩個研討會皆委託外

部廠商，財金公司委託 IBM，KPMG 委託政大開發，並訂定研發期限。

KPMG 另與金融研訓院合作，將業務與技術人員分開，不定時召開小

組會議。 

22. 財金公司目前的主軸是放在 EDI 嗎？希望達成什麼目標？ 

林科長：是的，他們希望開類似錢包的軟體，透過區塊鏈技術使交易
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流程透明化，將 EDI 改為 P2P 模式。 

23. 中小企業融資的議題也十分重要，如果供應鏈自成區塊鏈，可提升效

率嗎？ 

林科長：產品供應鏈有層層關卡，若導入區塊鏈技術，確實能提升效

率，但涉及的單位較多，不容易建構。 
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財金資訊股份有限公司訪談紀要 

「區塊鏈及數位貨幣在金融業的影響與應用」 

一、時  間：2017 年 01 月 17 日(星期二)上午 10：00-12：00 

二、地  點：財金資訊股份有限公司(台北市內湖區康寧路三段 81 號 6 樓) 

三、受訪者：黃昱程副總經理 

四、出席者：林士傑副所長、謝順峰研究員、張凱君研究員、李宛蓁分析師 

五、會議記錄 

1. 是不是可以請副總經理談一談財金資訊公司目前在組建國內金融區塊

鏈平台的規劃或進度? 

金融區塊鏈研究發展委員會，目前參加銀行共 46 家，目的是要統

一區塊鏈系統、建立區塊鏈技術平台，其中區分為個人金融及企業金

融兩組，各安排 10 家銀行擔任諮詢委員，每組再細分為業務小組及技

術小組。 

業務小組在 2016 年底，已選定驗證項目，個金方面為公益捐款，

企金方面為企業資金管理。所謂驗證，是在擬真環境下運作，非實際

營運，會有幾個驗證節點，但目前尚未討論到節點放置處這類的細節。 

驗證項目的選擇方式，主要考量可行性、貢獻度、以及創新程度。

所謂可行性，是要評估這項業務的參與銀行家數多不多，另因目前區

塊鏈技術未成熟，且規劃的驗證期間僅半年，不能找太複雜的業務，

要短期能驗證、上線的項目，以負面表列方式選擇，排除目前區塊鏈

技術做不到的高頻交易，以及由於涉及跨國司法管轄權、各國外匯管

制標準不一、洗錢防制、找不到國外機構做驗證等因素，暫時先排除

跨境業務；貢獻度方面要評估這項業務對銀行、民眾是否能提高方便
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性，及創新後業務流程、技術上可解決什麼問題。 

銀行方面選擇驗證項目亦有三項考量，第一，無論技術、業務皆

是由下而上，各銀行提出一至三項驗證項目，經投票表決排序；第二，

業務項目要可解決大部分的問題，例如公益捐款，可利用區塊鏈不可

篡改、可追溯的特性，解決捐款流向的問題；第三，應從業務、交易

流程，找出可藉由區塊鏈技術提高效率、減少人力的業務，例如外科

手術須向醫院申請診斷證明再去保險公司申請理賠，可利用區塊鏈技

術提高效率，目前國泰僅於集團內試驗，未來若可跨機構，效益會較

明顯。 

對於採取何種區塊鏈底層協議，財金公司目前持開放態度，不排

除任何區塊鏈技術，例如 Hyperledger 及以太坊各有優缺點，以太坊的

本質是以虛擬貨幣來打造的區塊鏈技術，優點是其本身即為一信任機

制，可解決網路信任問題，不需要中介單位，但這也是他的缺點，因

為金融機構有監理問題，不可能使用匿名交易，目前以太坊有在研擬

要將匿名改為實名，但還需要時間；Hyperledger 的優點是實名制、認

許制，剛好符合本國金融支付要求，且很多大型金融機構有參與，未

來業務延展性較佳。技術在發展階段，無法確定未來主流平台，所以

不排除任何區塊鏈技術平台，對金融機構而言，「學習」才是目前的重

點。 

銀行方面分三種策略，第一種是加入國際已成熟聯盟，如 R3、Linux

等，但加入成本高且短期效益有限，目前國內僅中國信託加入 R3 聯

盟；第二種是國內自行組織聯盟，可找異業合作組織，或加入像財金

公司目前組織的聯盟；第三種是直接投資新創業者。目前國內以加入
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財金公司所組聯盟的銀行居多，因資源共享、資訊互通的概念，一來

成本低二來避免重複投資浪費。 

區塊鏈技術發展預估最快還要二到三年才會成熟，目前 POC 進行

得不太順利，針對區塊鏈的缺點改進，也許兩三年後可實際應用在很

多地方，長期來講一定有可運用之處，銀行應保持關注其發展並實作

POC 的態度。 

面對因應國際發展趨勢的建議，因區塊鏈技術前景不明確，但可

能有潛在用途，因此目前較適合簡單、小規模的驗證，如果規模太大，

未來如果在技術或業務的發展與現在的預期不同，變更或轉向會很困

難。發展區塊鏈應用的過程，會有一定的風險。 

2. 區塊鏈欲發揮效能，需要多一些銀行參與，但是銀行彼此間不見得願

意分享客戶的資訊，如何解決這個問題？ 

 這是區塊鏈發展自我矛盾的現象，希望達到交易透明化，但銀行

不願分享客戶資料，所以要調整為「有限度的資料分享」。 

 台灣及中國大陸目前積極實作的紅利積點，雖然紅利積點確實需

整合，但反向思考紅利積點與區塊鏈的關係，其實不使用區塊鏈技術

也可實行，紅利積點的目的在於維持客戶忠誠度，若使用區塊鏈技術

打造紅利積點平台，所有客戶皆可在平台內兌換任何一家銀行的點數，

市占率較高的銀行會不願意參與，雖然區塊鏈技術套用在很多業務上

都有效用，且可讓消費者更便利，但不符商業模式。 

以目前的區塊鏈技術，已可做到條件變更，在實名制、認許制的

情況下，希望做到僅利害關係人及監管單位能互通資訊，達到有限度

的資料分享。認許制是指必須經過同意才能加入某一區塊鏈聯盟，例
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如比特幣區塊鏈不須經過同意，大家皆可加入，即非認許制。 

3. 目前區塊鏈技術可以做到有限度的資料分享嗎？ 

以以太坊來講還需修正，Hyperledger 大致可做到，但目前版本為

0.6，1.0 後會更完整。不過目前還沒實際運用，如果無法完全達到標

準，就需要自行修正程式，要嘗試後才知道，且 POC 與實際上線也有

落差。 

4. 剛剛提到企金的 POC 為企業資金管理，目前計畫如何運作？ 

企業同意使用區塊鏈技術，處理將資金由 A 銀行轉到 B 銀行的交

易，如此企業及銀行皆可看到所有交易情形。初期試驗階段，不可能

所有企業及銀行都加入。 

5. 企業資金管理使用區塊鏈技術對銀行的好處為何？ 

銀行想瞭解企業交易情形需透過財經公司查詢，未來可直接透過

區塊鏈平台查詢提高效率，若順利流程也可簡化。 

6. 用於企業資金管理的區塊鏈平台也會吸引企業加入嗎？ 

是的，對銀行及企業來說，要查詢交易情形會變得較容易，但就

如剛提到的有限度的資料分享，銀行僅可查詢自家客戶的資訊，不能

看到別家銀行客戶的資訊。 

7. 非銀行業者在區塊鏈的應用上似乎也很積極，對金融業會有什麼影

響？ 

本質上銀行較穩健保守，監管體制較嚴謹；新創業者較敢冒風險，

屬中低度監管。目前非金融的新創業者確實較積極，第三方支付也是

由非金融業者突破出來的，如果沒有新創業者冒險突破，消費者也無

法享受這項服務，但銀行的立場相對尷尬，自己開發市場不夠大，與
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新創業者合作，利益又要平分。 

8. 大企業供應鏈複雜，若大企業與新創公司合作，自組區塊鏈，對銀行

是否會造成很大的衝擊？ 

有諮詢過部分銀行，大企業與銀行已合作很長一段時間，並有一

套運作機制，銀行認為供應鏈融資在台灣已經發展得十分完善，除非

區塊鏈可大幅簡化流程，降低成本，否則大企業加入區塊鏈的可能性

不高，且中心企業並不想透露太多資訊給衛星企業。 

供應鏈、聯貸、信保這些融資方式，看似跨很多機構，可透過區

塊鏈技術提高效率。假設跟主辦行申請聯貸，相關資料要提供給參貸

行，多家銀行看到相同資料，效率可提高；申請間接信保，原需經過

銀行評估後送信保，若透過區塊鏈，可同時申請信保及銀行貸款，提

升效率。但實務上，聯貸案需統一條件，統一申請才有可能縮短流程；

信保還是希望經過銀行同意後再作業，除非信保認為銀行一定會同意，

才有可能提高效率。 

區塊鏈技術需要所有流程電子化才能解決問題及達到跨機構的效

益，跨機構十分複雜，需所有相關機構皆加入區塊鏈運作，例如申請

房貸，要申請謄本並於地政事務所辦理設定才能向銀行貸款，如果過

程全使用區塊鏈運作，當然可降低成本提高效率，但涉及單位包含地

政事務所、代書、律師等，不只有銀行，所有機構皆加入的區塊鏈效

益最高，但跨機構跨平台也意味著推動不易，而且還可能會產生個資

的問題。 

銀行需要思考為何使用區塊鏈技術，使用後可解決什麼問題？這

是個關鍵，而不是為了區塊鏈而區塊鏈。例如國內目前有電子簽章法
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可處理，但反過來想，使用電子簽章法處理即可為何要使用區塊鏈？

也許最後需評斷何者成本較低、使用效率較高。像目前台灣網路認證

公司，可將書面文件設定 QR code，掃描即可看到完整文件，不需要

區塊鏈也能處理，但區塊鏈是另一種方式。另外像跨境匯款，需經過

台灣及國外主管機關同意，且目前各國對洗錢防制越來越嚴格，要如

何透過區塊鏈處理。 

9. 區塊鏈在實名制的情況下，以其不可篡改、可追朔的特性，對洗錢防

治是否有幫助？ 

 如果改成實名制，確實可以加強金融監理，但目前虛擬貨幣區塊

鏈並非實名制，本質上類似商品交易，對央行而言非屬貨幣，因貨幣

需廣泛作為交易媒介，數位貨幣僅少數人使用，且貨幣需有記帳及價

值儲藏的作用，數位貨幣價格波動幅度大，現階段並不適合做為貨幣。 

10. 區塊鏈如何解決跨境支付問題？ 

舉例來說，在德國將歐元轉換成 RIPPLE 貨幣，轉到美國後再將

RIPPLE 貨幣轉為美金，必須有一個貨幣轉換的機制，要視轉換價格是

否透明、有公信力。 

11. 現行的跨境支付機制有何缺點？ 

目前對跨境支付的批評是手續費較高、時間較長，透過區塊鏈可

降低成本並所短時間，但發展多年並沒有顯著改善，因為涉及單位過

多，一定需要收取手續費，成本部分需精算過才會知道，除非匯率相

當優惠，且數位貨幣不會錯帳或產生消費糾紛，不然還是需要中介單

位。 

12. 除了支付以外，區塊鏈還有哪些發展機會？ 
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國內支付有許多未被滿足的地方，才會發展新的支付工具。中國

大陸因金融不發達，才會發展第三方支付，但台灣的支付工具系統已

相當完整，金融普及率相當高，這種環境下要發展新的支付工具很困

難。 

13. 未來若數位交易越來越普及，是否有發展的可能？ 

網路支付有三個問題，第一，需要有規模經濟才能發展，各家網

路業者皆有使用者，大家都希望保留自身客戶，很難整合；第二，消

費者支付習慣的問題，長期發展不容易改變；第三，網路支付策略，

我稱作花園圍牆，為了達成規模經濟，會在支付系統內自成生態系並

築起高牆，培養客戶忠誠度。所以我很認同往非支付方向發展，像生

產履歷，若能使用區塊鏈技術可解決很多食安問題。金融服務方面，

交易鏈複雜、跨機構的金融商品較能凸顯區塊鏈的效益，如利率交換

或 CDO 等衍生性金融商品，區塊鏈可使其透明化，降低資訊不對稱

風險。 

14. 目前區塊鏈發展，有哪些法規是需要調整或放寬的嗎？ 

財金公司是按照銀行法 47-3 條運作，目前沒有法規問題。 

在區塊鏈的發展階段，法規並沒有適用不適用的問題，長期來看

我認為無論什麼單位要發展區塊鏈，做相同業務要有相同的監管標準

才公平；短期及中期需要在某項法規下創造創新空間，又要兼顧監管

公平不讓目前業務受影響，這部分可比照電子票證條例，儲值與存款

皆是將價值儲存，為鼓勵一卡通、悠遊卡發展，避免阻礙創新又要兼

顧監管公平，所以設定提存存款準備金限額，可以用某種風險管理機

制，在一定額度下用其他方式處理，如此規模小又可控管風險。 
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但我認為不見得需要設立專法，專法有好處也有缺點，有時設了

專法以後大家反而綁手綁腳。 

15. 區塊鏈對銀行授信的影響？政府提出五大創新產業，資產型態可能非

實體，區塊鏈是否可解決智慧資產、數位資產的問題？ 

部分新創事業評估原則會和原來不同，但會不會因區塊鏈而改變

則有待觀察，聯徵及銀行本身評估系統各自獨立，有些銀行有其獨特

授信體系，並不希望與其他機構連結。 

16. 您對數位貨幣有什麼看法？ 

數位貨幣的發行者不一定是央行，例如以太坊及比特幣，只是普

及程度不高，未來數位貨幣持續發展，普及率提高後，銀行較會受到

影響。 

數位貨幣發行者非央行，法償性較弱、可兌償性較差風險較大，

若要發展數位貨幣，對發行者需有一定的信任或足夠的擔保，如銀行

或央行，目前數位貨幣沒有發行者，如果要發展起來，一定要解決風

險問題，另外若以法定貨幣為清算平台，要解決流動性問題及資訊不

對稱問題。 

17. 是否可能達成實體、數位雙元貨幣？ 

若數位貨幣僅作為暫時的價值儲藏，則有可能達成，但若要將資

產轉為數位貨幣，一定要有值得信任的發行者。但目前已經有人將比

特幣視為投資工具，因比特幣供給有限，由需求決定價格。 

18. 您對 FinTech 業者發展區塊鏈有什麼看法？ 

非銀行業者要投入 IT 及人力成本，也需要靠手續費賺取收入。 

像中國大陸的阿里巴巴、微信，與銀行實聯可轉帳，一開始標榜無手
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續費，但後來還是有收取，因為銀行向他們收取手續費，有成本就必

須收取。 

IT 產業建置成本不低，雖然會聽到大家說現在的新創業者規模小、

技術進步，初期建置成本不會太高，但要做大時，IT 處理速度及容量

勢必要大，不僅建置成本，還有備援成本、維護成本，且法遵成本也

越來越高，跨境國家越多成本會越高，要有專則及法遵主管甚至洗錢

防制的主管，這些都是成本，但一開始都沒有考慮這些問題，且因洗

錢防制，每筆交易都續透過類似聯徵的機構，交易速度也會受影響 

台灣銀行業在國際上的競爭力尚有待提升，有財金公司、信保、

聯徵等跨機構的資訊交易平台成為台灣特有的優勢，但新創業者現在

卻在思考如何替換掉這些平台，他們不了解建置成本有多高、且民眾

還是較信任這些平台。 

19. 財金公司所組的金融區塊鏈研究發展委員會是否定期開會？ 

諮詢小組每月開會一次，大會三個月開一次會，大會主要是報告

諮詢小組發展進程。 

20. 目前正在推動的是業者認為應優先進行的項目嗎？ 

對，但因技術在發展，雖然有選出一些項目，還是會視技術發展

及業務需要做調整。現在是邊學習邊調整，技術要從消化吸收到實際

應用，且區塊鏈所用的程式語言與現在所用的有些微不同，還需要一

段時間。 
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附錄二 其他文獻  

 

一、英國央行數位貨幣研究報告 

二、我國中央銀行數位通貨研究報告 

(2016.3.24 央行理監事會報告) 

三、美國國會比特幣和區塊鏈技術專案研究報告 
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I. Introduction

This paper studies the macroeconomic consequences of a central bank granting universal,
electronic, 24x7, national-currency-denominated and interest-bearing access to its balance sheet
via the issuance, according to well-specified policy rules, of a central bank digital currency
(CBDC). To study this issue we use a monetary-financial DSGE model, calibrated to match the
United States in the pre-crisis period, that models CBDC as an imperfect substitute for bank
deposits in the provision of monetary transaction services, and that models bank deposits as
being created through loans or asset purchases as in Jakab and Kumhof (2015).

A monetary regime with CBDC has never existed anywhere, a major reason being that the
technology to make it feasible and resilient has until now not been available. There is therefore
very little historical or empirical material that could help us to understand the costs and benefits
of transitioning to such a regime, or to evaluate the different ways in which monetary policy could
be conducted under it. We therefore choose the alternative approach of using a theoretical model
as a laboratory where we can systematically study these issues. The model we present is detailed
rather than stylised, both in order to make the exercise credible for policymakers and in order to
avoid prejudging what are the most important economic mechanisms to determine the
effectiveness of CBDC. Nevertheless, the modifications needed to introduce CBDC into this model
are kept to a minimum in order to understand the key transmission channels more clearly. We
have made considerable progress using this strategy, but much more work needs to be done.

As a baseline, we consider a setting in which an initial stock of CBDC equal to 30% of GDP is
issued against an equal amount of government debt, and is then, subject to countercyclical
variations over the business cycle, maintained at that level. We choose 30% because this is an
amount loosely similar to the magnitudes of QE conducted by various central banks over the last
decade. We do not examine the question of the optimal steady-state stock of CBDC, but we note
that it ought to be large enough to avoid problems with a “quantity zero lower bound” in the
conduct of countercyclical policies.

Our simulations suggest that this policy has a number of beneficial effects. First, it leads to an
increase in the steady-state level of GDP of almost 3%, due to reductions in real interest rates, in
distortionary tax rates, and in monetary transaction costs that are analogous to distortionary tax
rates. Second, a CBDC regime can contribute to the stabilisation of the business cycle, by giving
policymakers access to a second policy instrument that controls either the quantity or the price of
CBDC in a countercyclical fashion. This second policy instrument becomes especially effective in
response to shocks to private money demand and private money creation, and if the
substitutability between CBDC balances and bank deposits in the production of monetary
transaction services is low. Financial stability considerations also generally favour the issuance of
CBDC, provided that the issuance mechanism ensures that CBDC is only issued or withdrawn
against government debt. On the negative side, there remains a clear concern with the proper
management of the risks involved in transitioning to a different monetary and financial regime.1

Our work is motivated by the recent emergence of private digital currencies that offer participants
access to both an alternative unit of account that is governed by predetermined money supply
rules, and to a new payment system that is claimed to be superior to that offered by existing

1We should also mention that our model does not admit the possibility of bank runs in the style of Diamond and
Dybvig (1983). It is however not clear whether such runs would be more or less likely under a CBDC regime.
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banking systems. Bitcoin was the first such system, being launched in January 2009 following the
earlier release of a white paper describing its operation (Nakamoto (2008)).2 A substantial
number of alternatives have since been developed,3 but at present Bitcoin remains the largest
such system in operation.

The monetary aspects of private digital currencies — a competing currency with an exogenous,
predetermined money supply — are commonly held to be undesirable from the perspective of
policymakers, but the innovation embodied in the payment systems of such schemes is held of
some interest. It is important to stress that these two aspects of private digital currencies are
logically distinct: it would be technically possible to implement a distributed payment system in
the style of Bitcoin that nevertheless remained denominated in a traditional currency. The
question that naturally emerges is whether it might be socially beneficial to do so,4 and it is
towards this question that our paper is addressed.

To the best of our knowledge, the only other theoretical work on the subject of private digital
currencies is that of Fernández-Villaverde and Sanches (2016), who explore the conditions under
which multiple units of account could exist in stable currency competition, by extending the
model of Lagos and Wright (2003). They demonstrate the possibility of the value of
privately-issued currencies being constant over time, but show that, absent productive capital, an
efficient allocation as the unique global equilibrium requires driving private money out of the
economy. However, the presence of productive capital reverses this result, so that equilibria that
feature the value of private money converging to zero are ruled out. In our model, we abstract
from all considerations of currency competition, instead supposing an economy with a single,
government-defined unit of account. Privately-created money does exist in our model, but only in
the form of bank deposits that maintain a 1-to-1 exchange rate with government money.

The rest of this paper is organized as follows. Section II gives a brief overview of digital currencies
and the distributed ledgers that underlie them. Section III provides a general and non-technical
overview of the pros and cons of CBDC. Section IV contains a detailed presentation of the
theoretical model. Section V discusses the calibration of this model. Section VI presents
simulation results, and discusses policy lessons. Section VII concludes.

II. Electronic Money, Digital Currencies, Distributed Ledgers

The phrase “digital currency” is, perhaps, a regrettable one, as it may invite a number of
misunderstandings among casual readers. Most importantly, there is no innovation in the
provision of an electronic form of money, as the vast majority of money in a modern economy is
already electronic and has been for some time. In the United Kingdom, for example, physical
currency (notes and coin) in public circulation represented only 4% of broad money balances in

2Earlier systems of electronic money, or e-money, existed as precursors of Bitcoin, including ecash in the USA and
Mondex in the UK, but such offerings (i) still represented tradable claims on an issuing entity, while bitcoins are pure
tokens and not the liability of any other party; and (ii) were generally implemented as physical cards with no public
record of transactions, while Bitcoin implements a distributed ledger.

3The website http://coinmarketcap.com lists several hundred privately-developed digital currencies.
4The public research agenda of the Bank of England, which was published in February 2015, invites research into

why a central bank might choose to issue a digital currency (Bank of England (2015)).
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February 2016.5 By broad money, we refer to the Bank of England’s M4x measure, which equals
notes and coin held by the non-bank public plus sight and time deposits held by households,
private non-financial corporations and non-intermediary other financial corporations. Records of
such financial instruments have been held electronically, if perhaps inefficiently, since the advent
of the mainframe computer.

If the definition of money is allowed to expand further, then the share of the total held in physical
form will naturally be still less. Indeed, in our formal model, we will refer to all non-equity6 items
on the liability side of the aggregate balance sheet of the entire financial system as deposits,
because all of them represent “safe, information-insensitive financial assets” in the sense of
Gorton, Lewellen and Metrick (2012). Specifically, they are used for various real and financial
transaction purposes precisely because of their perceived safety, with low-interest checking
accounts (current accounts in the UK) being particularly useful as a transaction medium, but
longer-term and higher-interest liabilities still serving important transaction services. Because of
our treatment of financial institutions as a single sector, for ease of exposition we use the term
“financial institution” interchangeably with “bank” unless the distinction is necessary.

Nor is there particular innovation in the provision of electronic access to money, as debit and
credit cards, internet banking and their union in online shopping have all been available for some
time. Instead, the innovations proposed by existing private digital currencies, beyond the
advocacy of new units of account and hard money supply rules, are particular to the manner in
which electronic records of money and its exchange are implemented. In particular, digital
currencies propose a distributed ledger and a payment system, in other words a process to update
the ledger, that is decentralised, with copies of the ledger distributed across many agents and
with no individual entity being indispensable in order for any given payment to be processed.
Consequently, in this paper we define “digital currency” as any electronic form of money, or
medium of exchange, that features a distributed ledger and a decentralised payment system.

By comparison, existing electronic payment systems are tiered and therefore centralised, with
central banks typically at their centre. Private non-financial agents gain access to the system by
holding claims on specific financial institutions. Payments between agents at the same bank are
settled across that institution’s ledger, payments between agents at separate non-clearing banks
require settlement across those institutions’ own accounts at a common clearing bank, and
payments between agents at separate clearing banks require settlements across those banks’ own
settlement accounts at the central bank. Such systems are inherently centralised, as participants
must, in general, rely on the fair, timely and accurate operation of the institutions that grant
them access. In order to ensure agents’ trust in the system, banks are regulated and subject to
capital, leverage and liquidity requirements. Although necessary to ensure financial stability, these
regulations represent barriers to entry and thereby grant banks pricing power, including power
over the pricing of their liabilities, which serve as the economy’s primary transaction medium.

Digital currency systems can offer a number of benefits, such as improved competition,
accessibility and resiliency. We explore these in more detail in Section III, along with additional
benefits specific to CBDC. But such systems also incur additional costs. This includes costs
related to the storage and synchronisation of the multiple ledgers, even when all copies can be
trusted as accurate and their operators as honest. However, much higher costs can arise when

5See tables A1.1.1 and A2.2.3 of the Bank of England’s Bankstats database, available at
http://www.bankofengland.co.uk/statistics/Pages/bankstats/default.aspx

6Following the literature, in our model section we will refer to bank equity as the “net worth” of the bank.
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participants cannot trust each other to operate correctly. For some systems, these costs can be
prohibitively high from a societal perspective.

The reason for this last concern is that the designer of any distributed system must confront the
issue of how to repeatedly arrive at a consensus between participants within a reasonable
timeframe when the honest and correct operation of any one agent cannot, in general, be
guaranteed.7 For example, if anybody may freely enrol in the system, a simple vote between
participants is not sufficient as it is, in general, trivially easy to create an arbitrary number of
nodes on a computer network (a ‘Sybil Attack’).

We note that communication between participants in this setting represents a cheap talk problem
in the sense of Farrell (1987): the construction and delivery of a message between computers is
effectively costless on the margin; messages are non-binding as agents can drop out of the network
and freely re-enrol; and the validity of a transaction is not fully verifiable because without access
to all copies of the ledger, no agent can be sure that the transaction doesn’t represent “double
spending”, in which the same unit of money is spent multiple times.8 To address this problem, it
is necessary to alter one of these three features, and it is in the choice of this alteration that
different digital currencies may be distinguished.

A. Cryptocurrencies

The best-known digital currencies yet established, including Bitcoin, require that, in addition to
the fundamental cost of operation, any agent proposing an addition to the ledger must also
demonstrate that it was costly for them to put forward that proposal.9 Cryptocurrencies
implement this by forcing would-be transaction verifiers to compete against each other in
searching for a cryptographic proof of work — a verifiable demonstration that they have paid a
cost in computation time — to accompany their candidate block of transactions. The first agent to
successfully demonstrate their proof has their proposed transaction block accepted, and all agents
then move on to build new candidate blocks and repeat the process.

A proof of work system has the benefit of allowing a participating agent to prove that they have
paid the necessary cost without a need to disclose their identity or otherwise interact with other
agents. This then allows cryptocurrencies to maintain complete decentralisation of their network,
with free entry and exit of agents to the verification process.

In a proof of work system, the probability that any one verifier will be successful is proportional
to the amount of computing capacity they deploy. To ensure that the average time between
transaction blocks remains stable — a feature necessary to allow news of each success to be
transmitted to the entire network — cryptocurrencies adjust the difficulty of their proof of work
problems over time, scaling them to represent the total computational capacity of their network.

7This is commonly referred to as the ‘Byzantine Generals Problem’ in the field of Computer Science. See Lamport,
Shostak and Pease (1982).

8Digital signatures, based on public-key cryptography, do permit the verification that a given single transaction
is being initiated by the person who legitimately controls the source account or ‘wallet’.

9We present only a brief overview of the design of cryptocurrencies here. For a more substantive introduction, see
Ali, Barrdear, Clews and Southgate (2014a,b) or Bohme, Christin, Edelman and Moore (2015).
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To compensate transaction verifiers for their underlying costs of operation and of demonstrating
proofs of work, cryptocurrencies award the successful verifier any transaction fees associated with
the payments they verify, and an allocation of new currency for each block of accepted
transactions.10 This second form of payment acts as a subsidy to payments, and has allowed
transaction fees in most cryptocurrencies to remain exceedingly low in most cases (often well
below 0.05% of the value of transactions).

However, since the award per block of transactions is a winner-takes-all game, going to only one
of the competing verifiers, and since the probability of “winning” a block is increasing in one’s
own computational capacity but decreasing in the network’s total capacity, a negative externality
emerges. Individual verifiers have an incentive to overinvest in their own computing capacity and,
since coordination is not possible, in equilibrium a socially inefficient excess of computing
capacity will be deployed.

The magnitude of this externality can be substantial, to say the least. For example, in its original
implementation, and still at the time of writing, Bitcoin is limited to between 7 and 10
transactions per second, or roughly 3,500 transactions per hour, perhaps sufficient to provide
electronic payment services to a medium-sized town.11 Despite this, the real resource cost of
maintaining the Bitcoin network is on the scale of entire national economies. O’Dwyer and Malone
(2014) estimate that the total electricity consumption of the Bitcoin network in early 2014 was
comparable to that of Ireland (roughly 5GW). Deetman (2016) further estimates that, at current
growth rates in computing efficiency and popular uptake, the Bitcoin network could potentially
consume as much as 15GW by 2020, similar to the consumption rate of Denmark in 2014.

On this basis alone, we believe that in order for a digital currency system to be socially beneficial
over the long run, an alternative method of addressing the cheap talk problem in transaction
verifications needs to be developed and adopted.

B. Central-Bank-Issued Digital Currencies

By CBDC, we refer to a central bank granting universal, electronic, 24x7,
national-currency-denominated and interest-bearing access to its balance sheet. We conceive of a
world in which the majority of transaction balances would continue to be held as deposits with
commercial banks and subject, where relevant, to existing deposit protection arrangements.
Credit provision would remain the purview of existing intermediaries, and commercial banks
would continue to be the creators of the marginal unit of money in the economy. In short, we
imagine a world that implements Tobin’s (1987) proposal for “deposited currency accounts”.

From a macroeconomic perspective, the use of distributed ledgers is not strictly required for the
operation of a CBDC system, but we contend that it would be necessary as a practical matter, in
order to ensure the resiliency of a system that would clearly be of critical importance to the
financial stability of the economy. There are several ways in which a such decentralised system
could be implemented. A central bank could maintain all of the copies of the ledger itself, several

10This allocation is how cryptocurrencies introduce new currency into circulation. The magnitude of the allocation
is typically pre-determined at the time of the system’s inception in order to deliver the preferred total money supply
into the system.

11By comparison, major card payment processors report peak capacity in the order of several tens of thousands of
transactions per second (Visa, 2015).
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public institutions could maintain copies for each other, or private sector agents could be involved
in collaboration with the central bank. For this paper, we remain entirely agnostic about the
technical implementation of any such system, beyond an assumption that it can be implemented
without the explosive costs of existing cryptocurrencies.12 Instead we focus on the macroeconomic
implications of its adoption.

As a matter of practical implementation of CBDC issuance, the central bank could set the interest
rate paid on CBDC and allow the private sector to determine its quantity by offering to buy and
sell CBDC in exchange for well-defined asset classes, or it could set the quantity of CBDC and
allow the private sector to bid the CBDC interest rate up or down until the market clears. Other,
more complicated arrangements can also be conceived,13 but we do not consider these here. We
also emphasise that in our model, all financial contracts are for one period only and we therefore
do not consider potential implications of CBDC for the dynamics of the yield curve.

Of course, central banks have always had the ability to grant universal access to their balance
sheets through the issuance of banknotes.14 However, banknotes require storage and physical
exchange for payment, and pay an interest rate of zero. And the existence of an interest-free
financial asset, after accounting for storage and transaction costs, represents the basis for a lower
bound (ZLB) on central banks’ policy rates. Various proposals for materially circumventing the
ZLB have been put forward, including, among others, a tax on banknotes (Gesell (1916)), a
managed exchange rate between cash and electronic forms of money (Agarwal and Kimball
(2015)) and the abolition of cash altogether (Rogoff (2015)). However, no central bank has
attempted to implement one of these schemes to date.

This paper focuses on the macroeconomic effects of CBDC during normal economic times. It
therefore abstracts away from the ZLB, and also from the existence of cash, which is a
quantitatively negligible and systemically non-constitutive15 component of the broad money
supply. We emphasise, though, that any issuance of CBDC need not be predicated on the
withdrawal of banknotes from circulation. It would be perfectly plausible for the two to operate
in tandem alongside commercial bank deposits. Furthermore, as our simulations will show, there
are reasons to believe that, when searching for expansionary monetary policy options at the ZLB,
the injection of additional CBDC would represent a promising alternative to negative policy rates,
thereby removing part of the rationale for the withdrawal of bank notes.

12One obvious candidate to achieve this would be to render statements binding by implementing a “permissioned”
system, where only certified and audited agents could take part in the verification process. Since no verifier would
need to act as a deposit taker for the CBDC sector of the financial system, the regulatory burden imposed upon
verifiers could be materially lower than for banks, and could be limited to what is necessary to ensure the operators’
veracity. For an example of a proposal for a permissioned system, see Danezis and Meiklejohn (2016).

13For example, the central bank could simultaneously set the interest rate on CBDC and impose per-user quantity
caps that varied by type of user. This might ensure “equitable” access to central bank liabilities and might potentially
also help in a period of stress, depending on the policy rule deployed. But it would naturally limit the set of
transactions for which CBDC could be used, and so could potentially decrease its attractiveness to end users.

14Although the share of total transactions conducted in cash has been trending down for some time, demand for
banknotes remains and is expected to remain for the foreseeable future (Fish and Whymark (2015)).

15This means that, away from the zero lower bound, the rest of the financial system would function exactly as it
does today if cash were removed entirely.
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III. The Pros and Cons of CBDC

The analytical and quantitative part of our paper, in Sections IV, V and VI, studies a large set of
macroeconomic issues associated with CBDC. However, because that analysis is based on a DSGE
model, which inherently has a limited ability to address questions outside of macroeconomics, it
can necessarily only study a subset of the issues. This section therefore provides a broader,
qualitative analysis of the pros and cons of a CBDC regime. In our discussion we distinguish
between structural issues, price and output stability issues and financial stability issues.

A. Structural Issues

Risk and the level of interest rates. Empirical studies for the pre-crisis period have found
that real interest rates on US government debt are increasing in the size of the US government’s
(defaultable) debt burden. We incorporate this feature into our model, by allowing the
CBDC-financed acquisition of government bonds to lower the equilibrium real interest rate.16

When the central bank issues money and holds government debt against it, this has two effects of
relevance in this matter. First, it lowers the government’s interest burden, as profits made from
the central bank’s net interest margin are remitted back to the government, thereby making any
given stock of debt more sustainable. That interest margin must be positive on average, because
of the greater usefulness for transaction purposes, and therefore the greater non-pecuniary
benefits, of holding CBDC. Second, government bonds held by the central bank are, in effect,
non-defaultable as any losses imposed by a government default must trigger a replacement of
central bank capital by the government.17 And from the perspective of the private sector, claims
against the central bank, such as CBDC, are not repayable by anything other than other claims
against the central bank. Consequently, the CBDC-financed acquisition of government bonds
serves to lower the stock of defaultable debt in the hands of the private sector, and hence lowers
perceptions of the associated credit risk, thereby leading to lower interest rates on government
debt.18 Because the interest rate on government debt, by arbitrage, anchors the economy’s entire
interest rate structure, this translates, ceteris paribus, into lower borrowing costs for private
borrowers, with obvious benefits for capital accumulation and economic growth.

However, there is an important countervailing force, in that upon the introduction of CBDC a
substantial portion of retail transaction balances might be expected to switch from bank deposits
to CBDC, thereby leaving a larger portion of bank financing dependent on the wholesale market,
at higher interest rates. This would reduce the spread between the interest rates on government
bonds and on bank deposits. Because banks finance new loans by creating new deposits, it is the
rate on bank deposits, rather than the policy rate itself, that constitutes the marginal cost of
funding for the banking system, and therefore determines the likely evolution of borrowing costs.

These two forces behind the evolution of interest rates under CBDC will be carefully studied in
the formal and quantitative part of this paper. Our analysis suggests that, overall, real deposit
interest rates will decline upon the introduction of CBDC, implying positive output effects.

16The relevant empirical literature for the size of this effect is cited in Section V below.
17We are implicitly ruling out the possibility of hyperinflationary episodes here.
18We do not explicitly model risky government debt in this paper, as one might do in an ideal (and much more

complex) model. Instead we incorporate a small friction in the household Euler equation as a reduced-form device
that moves as a function of the stock of government debt held by the private sector.
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CBDC stock issuance arrangements, balance sheets, and real economic outcomes.
The formal analysis of this paper will assume that both the initial stock issuance of CBDC, and
subsequent countercyclical stock injections and withdrawals, will exclusively take the form of
exchanges against government bonds, in outright open market operations or repo transactions.
However, while this is the most obvious choice, and for countercyclical operations probably the
superior choice, this is by no means the only arrangement through which additional stocks of
CBDC could be injected into or withdrawn from circulation, and the precise arrangements could
have real economic consequences. Alternatives include the acquisition by the central bank of
financial assets other than government bonds, the payment of a citizen’s dividend (see Benes and
Kumhof (2012)), or the lending of additional CBDC to private banks for on-lending to the private
sector. These possibilities are not currently studied in the paper, but they are within the scope of
what can be studied using the formal model.

CBDC flow issuance arrangements, fiscal policy, and real economic outcomes. In
addition to the stock injections and withdrawals of CBDC during the initial issuance and
subsequent countercyclical operations, the establishment of a CBDC regime would also be
associated with a permanent increase, ceteris paribus, in ongoing consolidated (government plus
central bank) fiscal income flows, due to reductions in net interest expenses. This would permit
an increase in spending or a lowering of tax rates by the fiscal authority, at unchanged deficit and
debt targets. The precise real effects depend on which category of spending or taxation is affected.
Our paper addresses some of these issues when studying the transition to an economy with a
CBDC regime, but it can only choose and evaluate one out of many possible fiscal arrangements,
namely a deployment of the savings towards a reduction in distortionary taxation. We find that
this would be associated with output gains that are almost as large as those attributable to lower
real interest rates. The issuance of CBDC inherently has a strong fiscal dimension, and these
monetary-fiscal interactions will therefore have to be explored in much more detail in future work.

Reduced cost of providing transaction services. Advocates of the technologies underlying
digital currencies commonly suggest that there are substantial opportunities for reducing the total
cost and, potentially, the marginal cost, of operating the payment system in developed
economies.19 We find it difficult to distinguish how much of any potential gain might reasonably
be attributable to the adoption of a distributed payment system as opposed to, for example, a
streamlining of multiple overlapping record-keeping systems. But we are on more solid ground
when it comes to predicting which type of implementation of a CBDC system is most promising
in terms of its potential for cost reductions.

Since the operation of computing servers exhibits increasing returns to scale, the cheapest
alternative for running a CBDC system would clearly be a fully centralised architecture, but this
would come with increased resiliency risks that are likely to be deemed unacceptable. Among
distributed systems, a fully permissionless system with no barriers to entry or exit for agents
verifying transactions, like in existing private digital currencies, would almost certainly involve
the addition of prohibitive societal costs if the system is to attain a macroeconomically significant
scale, at least as it is currently designed. But intermediate options that adopted a distributed,
but “permissioned” architecture would, we contend, provide an improvement in the efficiency of
settlement and serve to improve resiliency relative to the status quo, both of which would
represent a reduction in costs to the real economy.

19See, for example, Autonomous Research (2016).
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Quite apart from any technological efficiency gains offered by a distributed payment system,
however, economy-wide transaction costs are likely to be lower in a world with CBDC because of
the likely overall increase in the total quantity of monetary transaction balances (bank deposits
plus CBDC) following its adoption. We estimate that the effect of this increase in liquidity could
be almost of the same magnitude as the effects of lower distortionary taxation.

Competition in payment services. With a lower entry hurdle to becoming a transactions
verifier in a distributed system than to becoming a member bank in a tiered system, we would
expect more intense competition in the provision of payment services. To the extent that existing
systems grant pricing power to member institutions, this should ensure that transaction fees more
accurately reflect the marginal cost of verification (net of any public subsidy, if one were to be
provided), and allow more rapid adoption of new technologies that sit on top of the payment
infrastructure.

Competition in accounts services. From the perspective of households and firms, CBDC
would be economically equivalent to the establishment of an online-only, reserve-backed, narrow
bank alongside the existing commercial banking system and, as such, would represent an
expansion of competition in the market for deposit accounts. This should again lead to a more
rapid adoption of innovative technologies and account offerings.

Final settlement and collateral. Any tiered payment system necessarily features counterparty
risk between its members — particularly credit risk, in that a bank may become insolvent with
outstanding liabilities to other members of the system, and liquidity risk, in that an otherwise
solvent member may not possess the liquid assets necessary to settle a payment at a given
moment. To guard against these, tiered systems require that collateral be posted by more
“junior” members of the system with the clearing member that sits above them. Since these
typically require that assets with high liquidity and low credit risk (such as government bonds
and bills, or money) be posted, this represents an opportunity cost to member banks if they
would otherwise seek to hold other, higher-yielding assets. A CBDC system, by contrast, would
allow final settlement directly between payee and payer, across the central bank’s balance sheet.
Counterparty risk is therefore avoided altogether, so that collateral need not be posted to guard
against it.20 This would free up significant amounts of collateral for non-settlement transactions.
To the extent that there is a shortage of good collateral in financial markets today, as some
commentators have suggested, this could have important macroeconomic and financial stability
benefits. A quantitative evaluation of this issue is currently beyond the scope of our model.

Time of operation. Because of the criticality of their operation, central banks in tiered
payment systems often have specific times of operation to allow for maintenance.21 Although
payment systems that rest on top of the central bank’s settlement system may continue to
operate 24 hours a day, this arrangement exposes banks to counterparty risk overnight. As a
result, overnight transactions are limited to low-value transactions. In a decentralised setting, no
individual transaction verifier is essential to the operation of the system as a whole. As such, any
of them may be deactivated to allow for maintenance without the system ever needing to stop.

20We note, however, that one possible form of regulation by a central bank to ensure the correct operation of
delegated private transactions verifiers may be to require the posting of collateral from which fines would be drawn
in the event of an error or of fraud. Nevertheless, the need for collateral would likely be much smaller than in the
current environment.

21For example, the Bank of England’s Real Time Gross Settlement (RTGS) system currently operates from 05:45
to 18:20 on business days (Bank of England, 2014).
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Summary. On the basis of this preliminary discussion it seems safe to assume that the
implementation of a CBDC system would be a net positive for the steady-state economy, through
the alleviation of a number of frictions. Our formal quantitative analysis will confirm this, even
though it cannot consider all of the issues listed above.

B. Price and Output Stability Issues

A second policy instrument. CBDC would be an imperfect substitute for other types of
financial assets. This is because of its role in providing specific types of transaction services,
potentially at lower cost than bank deposits, and potentially also with attractive additional
features. This imperfect substitutability implies that the central bank can control an additional
policy instrument, in addition to the traditional policy interest rate, and that this policy
instrument can be used in a countercyclical fashion that supports the policy rate. In this paper,
we examine the two most obvious alternatives for this second policy instrument: a quantity rule
whereby the central bank fixes the quantity of CBDC relative to GDP, and a price rule whereby
the central bank fixes the spread between the policy interest rate and the (lower) CBDC interest
rate. Countercyclical versions of these rules also respond to deviations of inflation from its target,
either by reducing the ratio of CBDC to GDP during an economic expansion, or by increasing the
spread between the policy rate and the CBDC rate during an economic expansion (and vice versa
during a contraction). Whether this countercyclical use of CBDC is effective depends on a
number of factors, most importantly the nature of shocks (managing the quantity or price of
monetary transaction balances is primarily effective in response to shocks that affect the supply of
and demand for such balances), the substitutability between CBDC and other types of monetary
transaction balances (injecting or withdrawing CBDC is far more effective when bank deposits
cannot easily substitute for CBDC), and interactions with fiscal policy (injecting or withdrawing
CBDC is more effective when their budgetary effects do not trigger countercyclical changes in
distortionary tax rates or in government spending). Studying these issues accounts for a large
part of the formal quantitative analysis performed in this paper.

The zero lower bound on nominal policy interest rates. Monetary policy starts to have
difficulties in providing additional stimulus to the economy once nominal interest rates drop to
near or below zero, because at that point households and firms are presumed to want to
substitute into (zero-interest) cash rather than continuing to hold other (negative-interest)
financial instruments. As mentioned in Section II.B, some students of this issue have suggested
that central banks remove the ZLB altogether, but to date no central bank has adopted their
proposed measures. Instead, when policy rates have reached their effective lower bounds, central
banks have sought to provide additional stimulus by expanding their balance sheets and, in
particular, by engaging in large-scale asset purchases funded through the issuance of reserves.22

The main proposed transmission channel for such “quantitative easing” (QE) policies relies on
relative price changes in asset markets, where the movement of government bonds to the central
bank’s balance sheet serves to lower the outstanding stock of defaultable debt in the hands of the
general public, and so reduces the equilibrium real interest rate.23 However, to the extent that the

22The U.S. Federal Reserve, the Bank of England, the European Central Bank, the Swiss National Bank and the
Bank of Japan have all increased their balance sheets significantly following the financial crisis of 2007/08 and the
Euro crisis of 2010/11. The largest shares of purchases have been of government debt, although significant purchases
of private sector securities have been made.

23 In this context, it bears re-emphasising that central bank money, while found on the liability side of the central
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transmission of QE also relies on lowering monetary transaction costs via the injection of liquidity
into the economy, its efficacy will depend on an interaction with the incentives of commercial
banks. Since only commercial banks may hold reserves at the central bank, any reserves-funded
acquisition of securities from the non-bank private sector requires intermediation through a
commercial bank, whose balance sheet increases in the process. To the extent that banks have
other incentives that lead them to (partially) offset any increase in their balance sheets caused by
QE,24 any benefit from the injection of real money balances to the economy will correspondingly
be reduced.

CBDC-funded asset purchases on the other hand do not require any involvement from commercial
banks, as they would involve a direct exchange of central bank money with the non-bank sellers of
the assets being purchased. These asset purchases therefore need not face the above-mentioned
risk of offsetting decisions by commercial banks. As a result, when faced with a contractionary
shock, a countercyclical injection of CBDC may potentially have greater efficacy than traditional
QE.

Increasing interdependence of monetary and fiscal policies. The issuance of CBDC has a
major and unavoidable fiscal dimension. As already discussed, this is likely to be beneficial in
steady state, because lower government interest expenses permit the government to reduce
distortionary taxation. Over the cycle, the fiscal aspect could however become politically
contentious. Also, the interaction of CBDC and fiscal policy rules could complicate the conduct of
either policy. While this cannot be entirely avoided, it can at least be minimized, through an
appropriate design of the fiscal policy rule, which we will discuss at length, and through the proper
design of automatic revenue sharing rules between the central bank and the fiscal authority.

More, and more timely, data. A key feature of distributed-ledger payment systems is that the
entire history of transactions is available to all transaction verifiers, and potentially to the public
at large, in real time. CBDC would therefore provide vastly more data to policymakers, including
the ability to observe the response of the economy to shocks or to policy changes almost
immediately. This would be helpful for macroeconomic stability management.

Summary. Again, it seems safe to assume that the implementation of a CBDC system would be
a net positive for price and output stability, through the availability of a second monetary policy
instrument that complements the policy rate. Our quantitative analysis will confirm this. Welfare
analysis will have to be left for future work.

C. Financial Stability Issues

Under the previous two subheadings we concluded that a CBDC regime would have almost
exclusively positive consequences. However, in preparing this paper we consistently encountered
two main concerns regarding CBDC. Both fall primarily under the heading of financial stability.
The first is the set of risks inherent to the transition to a new and untested monetary and

bank’s balance sheet, is neither defaultable nor redeemable, and is therefore different from the common conception
of debt.

24For example, if the banking system’s binding constraint is a non-risk based leverage ratio and bank capital is
slow or costly to acquire, then an increase in banks’ balance sheets through QE could potentially be offset through a
contraction in other parts of the balance sheet, so that broad measures of money may fail to fully reflect the increase
in reserves.
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financial environment, and the second is the risk of an economy-wide run from bank deposits to
CBDC that would leave the banking system “short of funds”. We consider these two topics first,
and then discuss a number of other financial stability issues.

Transition risks. A key question in any major monetary reform, including the introduction of a
CBDC regime, is whether the risks of the transition are justified by the benefits once that
transition is complete. Much of the remainder of this paper will discuss the macroeconomic
benefits of transitioning to a CBDC regime, and how to maximize these benefits through an
appropriate choice of CBDC issuance arrangements, CBDC policy rules, and fiscal policy choices.
This transition would, of course, have to be designed with careful attention to detail, given the
complexity of today’s financial markets and financial products. The issues here are not exclusively
macroeconomic, and include the careful design and market-testing of new CBDC account
products, the need for a thoroughly-tested and reliable digital infrastructure, including cyber
security and protection against hacking, appropriate prior training of the human operators of such
a system, careful analysis of the legal implications (including, if necessary, introduction of
additional legislation), appropriate changes to financial sector regulation, full coordination with
foreign central banks and foreign financial institutions, and many others. But in the final analysis
the question will be whether the risks of mismanaging these issues are so large as to outweigh the
benefits found in this paper.

Risk of a run from bank deposits to CBDC. The other major potential concern with a
CBDC regime is with the possibility of a run from bank deposits to CBDC. We do not claim to
have evaluated this risk exhaustively, and this remains an important topic for future research. In
our model, the calibration is such that minimum capital adequacy requirements, together with
the voluntary buffers that banks optimally add to avoid the penalty for breaching them, are
sufficient to make deposits effectively risk-free.25 This removes a major reason for a run on
deposits, and also for risk-driven increases in bank funding costs that could affect lending rates.
Furthermore, we would expect that a CBDC regime would retain deposit protection for bank
deposits, so that under all but the most extreme circumstances there would be no incentive for a
systemic, as distinct from an institution-specific, run (at least for retail deposits).

Nevertheless, our model does feature the possibility of a shock to households’ relative preference
for holding CBDC versus bank deposits, and we present a simulation of this scenario in section
VI.B.3. As might be expected, the dynamics of the economy in this simulation depend critically
on the nature of the central bank’s policy response.

Under a quantity rule for CBDC, the central bank would decline to issue additional CBDC in
response to the increase in demand, instead allowing the private sector to bid the interest rate on
CBDC down until the market cleared. The magnitude of this movement, including the possibility
of a negative rate of interest on CBDC, would then simply reflect a combination of the elasticity
of substitution between CBDC and bank deposits and the size of the relative preference shock.26

However, it is important to emphasise the necessity of a flexible CBDC interest rate under a
CBDC quantity rule. Specifically, to minimise the impact of fluctuations in CBDC demand on
banks’ funding costs via deposit rates, it is essential that the CBDC market exhibits a highly
flexible price finding mechanism, so that fluctuations in CBDC demand can be accommodated

25Furthermore, as mentioned in footnote 1, even if deposits were not effectively risk-free, it is not clear whether
bank runs would be more or less likely under a CBDC regime.

26 In practice, a lower bound on the CBDC interest rate would endogenously emerge at the point where the negative
interest rate exceeded the carrying cost of zero-interest banknotes.
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through changes in the CBDC interest rate rather than the deposit rate, and/or that the
marginal demand for deposits is highly interest sensitive, so that the deposit rate is mainly driven
by the policy rate. Our model satisfies both conditions.

Under a price rule for CBDC, in which the central bank sets the interest rate on CBDC and
allows the private sector to determine the quantity, the issuance arrangements for CBDC become
of critical importance. In our model, we suppose that the central bank only issues CBDC against
government bonds, either indefinitely via open market operations or temporarily via repurchase
agreements. In this case, a private-sector agent that wishes to switch their bank deposit to CBDC
must first acquire government bonds in order to offer these to the central bank. In making this
acquisition, the deposits do not leave the banking system as a whole — they are simply transferred
to the seller of the bonds — and so funding cannot, in aggregate, be “lost”. The key to this result
is that the central bank declines to fund commercial banks directly, thus forcing agents to first
exchange their deposits for assets that are not bank liabilities. In our model, which features
frictionless capital markets, deposit interest rates, which are the marginal cost of banks’ funding,
do not materially change in this setting, due to an arbitrage condition with the policy rate.

If the central bank were willing to fund commercial banks directly, then a deposit holder could, in
effect, exchange their claim on the banking system directly for CBDC and so cause a reduction in
aggregate deposit funding, but again without bank funding, in aggregate, being “lost”. In this
case, banks’ average cost of funding might increase if central bank funding was provided at the
policy rate, but the marginal cost of funding would continue to be given by the deposit rate,
which would continue to be pinned down at a nearly constant discount relative to the policy rate.

For completeness, we should mention that it is possible for bank balance sheets to shrink
significantly during a run to CBDC. But the mechanism is such that it would again not leave the
aggregate banking system exposed to a shortage of funds. This case arises if banks themselves are
significant holders of government bonds (they are not in our formal model, but this is only for
simplicity), and if they decide to sell them to households who then wish to trade them against
CBDC at the central bank. This sale amounts to a cancellation of deposits on the liability side of
banks’ balance sheet against bonds on the asset side. It has no direct negative implications for
banks unless they need those bonds elsewhere as liquid collateral, or to satisfy regulations. But in
that case they presumably would not sell them in the first place, so that households would again
have to turn to financial investors to acquire the necessary government bonds.

Potential partial removal of Too Big To Fail concerns. The protection of retail deposits,
and of the corresponding payment systems, in the event of a bank insolvency is commonly
regarded as a critical requirement in the design of regulatory frameworks.27 So long as banks
remain necessary gatekeepers to the payment system, they will have the capacity to achieve
systemically-important status if they manage to obtain a sufficient market share. But if a
universally accessible and sufficiently large CBDC payment system were to be established as an
alternative alongside the existing bank-based payment system, the hypothetical failure of any
individual bank, however large, need not necessarily cause an amplification through the economy
by impairing payments.

In the event of an actual bank failure, CBDC could also help to ensure an orderly resolution. The
payout process of deposit protection systems typically takes several days, during which time
depositors cannot access payment services through their accounts. Depending on the design of

27See, for example, Independent Commission on Banking (2011).

15

 

 

 
Staff Working Paper No. 605 July 2016 

 



resolution arrangements and the central bank’s willingness to adopt temporary credit risk, CBDC
could offer the alternative of transferring the affected deposit balances to the central bank,
thereby offering continuity of service within hours.

We emphasise, however, that other reasons for judging a financial institution to be systemically
important would remain in a world with CBDC, such as the provision of credit to the real
economy, the provision of other vital banking services including some classes of derivative
contract, and interconnectedness between the institution and other financial entities. The
establishment of CBDC could not, and would not, remove the need to address these concerns in
protecting an economy’s financial stability.

Resiliency of the payment system. CBDC as envisaged in this paper would likely increase
payment system resiliency relative to existing payment systems, both because end users will have
an additional alternative in case one system fails, and because the underlying technology would
deploy a distributed architecture. Tiered payment systems are subject to operational risk, and
associated reputation risk for the central bank, when a member bank ceases to function, either
temporarily (e.g. because of an IT failure) or permanently. Since payments must be routed
through member banks, this can have the effect of temporarily removing access to the payment
system altogether from end users banking with that member bank (until they migrate to another,
still operational, member bank). Distributed payment systems are robust to this risk by design,
as any one transaction verifier may confirm the validity of any transaction. On the other hand, if
CBDC were implemented with a centralised technology, cyber attacks would represent a much
bigger risk.

More data on interconnectedness. In addition to data on the flow of economic activity, a
CBDC payment system would improve policymakers’ understanding of interconnectedness in the
financial system. This would especially be true if a system of ‘smart contracts’ — protocols by
which the execution or enforcement of a contract is partially automated — were to be implemented
on top of the payment system.28

Summary. The net benefits of a system of CBDC for financial stability are not as clear cut as
for steady output and for price and output stability. While it seems clear that some risks would
be mitigated, other risks would emerge, and it is not certain which would be greater. In this
context some limitations of our formal analysis also need to be kept in mind, including the
absence of credit risk on bank deposits. However, there is one very clear financial stability risk,
that of mismanaging the transition to a new and as yet untested monetary and financial
environment. Mainly for this reason, policymakers would clearly have to carry out a very careful
due diligence before deciding on the transition to a CBDC regime. But if that due diligence found
the transition risks to be manageable, a CBDC regime could be considered a serious option, given
the many other sizeable benefits of CBDC identified in this paper.

28For example, a swap between two parties could be programmed to automatically pay out when an agreed third
party digitally signed a confirmation of the outcome referenced in the contract.
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IV. The Model

The model economy consists of four sectors, households, financial investors, unions and banks,
and a government that determines fiscal and monetary policies. It features a number of nominal
and real rigidities, including sticky nominal prices and wages, habit persistence in consumption,
and investment adjustment costs. The model of banking is based on a combination of Benes and
Kumhof (2012) and Jakab and Kumhof (2015). As in Benes and Kumhof (2012), banks make
private sector loans in four different lending markets, namely consumer loans, mortgage loans,
working capital loans and investment loans. And as in Jakab and Kumhof (2015) and Benes and
Kumhof (2012), banks create deposits to fund loans (or asset purchases), rather than borrowing
funds from depositors and lending them to borrowers. Deposits themselves can serve as additional
collateral in the four lending markets, thereby endogenously boosting the ability of banks to lend.

There are several advantages to using a model with this degree of real and financial sector detail.
First, this provides an integrated framework where all of the differences between economies with
and without CBDC emerge simultaneously, without prejudging which of them are or are not
important. Second, it generates a realistic transition scenario to a CBDC regime, based on an
accurate (as far as possible) estimate of the sizes of initial balance sheets and interest rate
spreads. Third, it makes it possible for model calibration to be guided by the DSGE literature,
which has identified a number of nominal and real rigidities that are critical for the ability of such
models to generate reasonable impulse responses.

Two types of private agents interact directly with banks. Financial investors, whose share in the
population is small at 5%, consume, supply labour and invest in bank deposits and government
debt. Their main role is to generate an arbitrage condition between bank deposits and
government debt.29 Households, whose share in the population is large, consume, supply labour,
produce goods and physical capital, hold physical capital and land, and borrow from banks,
against several different types of asset stock and income flow collateral, in order to obtain
deposits that facilitate transactions related to goods consumption, physical investment, input
purchases in production, and real estate purchases.

This class of models can be thought of as a natural extension of traditional Sidrauski-Brock
models of monetary economies (Sidrauski (1967), Brock (1975)). Such models have, from the point
of view of our analysis, two essential features. First, money is valued because a representative
agent is subject to a cash-in-advance constraint, a transaction cost technology, or money in the
utility function. Second, the money that is valued by the representative agent is exogenously
supplied by the government. These models have been and continue to be extremely useful in the
development of monetary theory. What we argue is that, for the development of a realistic model
of monetary and financial systems, the problematic feature of such models is not the first but the
second. In fact the first feature, the representative agent assumption, turns out to be essential.

The assumption of exogenous government money is problematic for two reasons. First, as
discussed in Jakab and Kumhof (2015), government-supplied money as it exists today, which
includes cash and reserves, is fully endogenous. This means that during normal times (this

29 It is not strictly necessary to include financial investors in the model. One alternative is to assume monopolistic
competition in the issuance of bank deposits, as in Jakab and Kumhof (2015), with banks as the sole holders of
government debt. However, this makes it harder to endogenize movements in the spread between the policy rate and
the rate on bank deposits, which play a critical role in our simulation of a transition to a CBDC regime.
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excludes economies operating at the zero lower bound for nominal interest rates) it is supplied by
the government on demand, with demand coming either from households and firms (cash) or
banks (reserves). Second, in all modern economies, and again during normal times,
government-supplied money accounts for only a very small fraction of broad monetary aggregates,
around 4% in the recent UK context. For both of these reasons, government-supplied money is
omitted from our model altogether.

Our objective is to model supply and demand for the other 96% of broad monetary aggregates,
the part that is created privately by financial institutions, with equilibrium quantities determined
by the interaction of the profit and utility maximization objectives of financial institutions and of
their customers, households and financial investors. In our exposition, we will use the terms
money, monetary transaction balances and liquidity interchangeably.

The model economy experiences a constant positive technology growth rate x = Tt/Tt−1, where Tt

is the level of labour augmenting technology. When the model’s nominal and real variables, say Vt

and vt, are expressed in real normalized terms, we divide by the level of technology Tt and, for
nominal variables, by the price level Pt. We use the notation v̌t = Vt/ (TtPt) = vt/Tt, with the
steady state of v̌t denoted by v̄. The population shares of financial investors and households are
given by ω and 1− ω. Because of their central role in the economy, we start our exposition with
banks.

A. Banks

1. Bank Balance Sheets

Bank loans to households consist of four different classes of loans, consumer loans (superscript c)
that are secured on a combination of labour income and monetary transaction balances, mortgage
loans (superscript a) that are secured on a combination of land and monetary transaction
balances, working capital loans (superscript y) that are secured on a combination of sales revenue
and monetary transaction balances, and investment loans (superscript k) that are secured on a
combination of physical capital and monetary transaction balances. In each case monetary
transaction balances include bank deposits and, under a CBDC regime, CBDC balances.

Bank deposits are modelled as a single homogenous asset type with a one-period maturity. In our
calibration this corresponds to all non-equity items on the liability side of the consolidated
financial system’s balance sheet, all of which are interpreted as near-monies with some measure of
liquidity. Refinements of the model that break homogenous deposits into different deposit types,
for example retail and wholesale deposits, are perfectly feasible and interesting, but they are not
essential for the study of CBDC.

While all bank deposits are therefore identical from the point of view of banks, their customers
use deposits for several distinct functions, namely financial investor deposits (superscript u, to
denote that this group of agents is financially unconstrained) that reduce transaction costs related
to financial investors’ consumption, consumption deposits (superscript c) that reduce transaction
costs related to households’ consumption and that provide additional collateral for consumer
loans, real estate deposits (superscript a) that reduce transaction costs in the real estate market
and that provide additional collateral for mortgage loans, working capital deposits (superscript y)
that reduce transaction costs related to producers’ payments to their suppliers and that provide

18

 

 

 
Staff Working Paper No. 605 July 2016 

 



additional collateral for working capital loans, and investment deposits (superscript k) that reduce
transaction costs related to investment and that provide additional collateral for investment loans.

Banks maintain positive net worth because the government imposes official minimum capital
adequacy requirements (henceforth referred to as MCAR). These regulations are modelled on the
current Basel regime, by requiring banks to pay penalties if they violate the MCAR.30 Banks’
total net worth exceeds the minimum requirements in equilibrium, in order to provide a buffer
against adverse shocks that could cause net worth to drop below the MCAR and trigger penalties.

As we will explain in more detail below, banks are assumed to face heterogeneous realizations of
non-credit risks, and are therefore indexed by i. We use the superscript x to represent the
different categories of loan and deposit contracts. Households’ and financial investors’ nominal
and real per capita loan stocks between periods t and t+ 1 are Lx

t (i) and ℓxt (i), x ∈ {c, a, y, k},
their deposit stocks are Dx

t (i) and dxt (i), x ∈ {c, a, y, k, u}, and bank net worth is N b
t (i) and nb

t(i).
Banks’ nominal and ex-post real gross deposit rates are given by id,t and rd,t, where
rd,t = id,t−1/πt, πt = Pt/Pt−1, and Pt is the consumer price index. Their gross wholesale lending
rates, which are at a premium over deposit rates because they offset the cost of regulation, are
given by ixℓ,t and rxℓ,t, x ∈ {c, a, y, k}. Banks’ gross retail lending rates, which add a credit risk
spread to the wholesale rates, are given by ixr,t and rxr,t. We denote the ex-post “return” on
nominal cash flows between periods t− 1 and t by rn,t = 1/πt. This return is needed to value flow
collateral for loans. Finally, gross nominal and real interest rates on government debt are denoted
by it and rt. Bank i’s balance sheet in real terms is given by

ℓℓt(i) = dt(i) + nb
t(i) . (1)

Here total loans are ℓℓt(i) = Σx∈{c,a,y,k}ℓ
xx
t (i), where ℓxxt (i) = (1− ω) ℓxt (i). Total deposits are

dt(i) = ωdut (i) + (1− ω)Σx∈{c,a,y,k}d
x
t (i). Banks can make losses on each of their four loan

categories. Loan losses are given by Lb
t(i) = (1− ω)

�
Lc
t(i) + L

a
t (i) + L

y
t (i) + L

k
t (i)
�
. Each

individual bank is assumed to hold a fully diversified portfolio of loans, such that its share in
loans to an individual borrower is equal to its share in aggregate loans. As a consequence, each
bank’s share in aggregate loan losses is proportional to its share in aggregate loans.

2. Risk and Regulation

Our model focuses on bank solvency risks and ignores liquidity risks. Banks are therefore
modelled as having no incentive, either regulatory or precautionary, to maintain reserves or cash
at the central bank. Furthermore, for households cash is dominated in return by bank deposits.
In this economy there is therefore no demand for government-provided real money balances.

Banks face pecuniary costs of falling short of official minimum capital adequacy ratios. The
regulatory framework we assume introduces a discontinuity in outcomes for banks. In any given
period, a bank either remains sufficiently well capitalized, or it falls short of capital requirements
and must pay a penalty. In the latter case, bank net worth suddenly drops further. The cost of
such an event, weighted by the appropriate probability, is incorporated into the bank’s optimal
capital choice. Modelling this regulatory framework under the assumption of homogenous banks
would lead to outcomes where all banks simultaneously either pay or do not pay the penalty. A

30Furfine (2001) and van den Heuvel (2005) contain a list of such penalties, according to the Basel rules or to
national legislation, such as the U.S. Federal Deposit Insurance Corporation Improvement Act of 1991.
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more realistic specification therefore requires a continuum of banks, each of which is exposed to
idiosyncratic shocks, so that there is a continuum of ex-post capital adequacy ratios across banks,
and a time-varying small fraction of banks that have to pay penalties in each period.

Specifically, banks are assumed to be heterogeneous in that the return on their loan book is
subject to an idiosyncratic shock ωb

t+1 that is lognormally distributed, with E(ωb
t+1) = 1 and

V ar(ln(ωb
t+1)) =

�
σb
�2
, and with the density function and cumulative density function of ωb

t+1

denoted by fbt+1 = f
b
t(ω

b
t+1) and F

b
t+1 = F

b
t(ω

b
t+1). This risk can reflect a number of individual bank

characteristics that are not directly related to credit extension, such as differing success at raising
non-interest income and minimizing non-interest expenses, where the sum of these over all banks
equals zero.

The regulatory framework stipulates that banks must pay a real penalty of χℓℓt(i) at time t+ 1 if
the sum of the gross returns on their loan book, net of gross interest expenses on deposits and of
realized loan losses, is less than a fraction Υ of the gross risk-weighted returns on their loan book.
Different risk-weights ζx will be one of the determinants of equilibrium interest rate spreads. The
penalty cutoff condition for bank i is given by

Σx∈{c,a,y,k}r
x
ℓ,t+1ℓ

xx
t (i)ωb

t+1 − rd,t+1dt(i)− L
b
t+1(i) < ΥΣx∈{c,a,y,k}r

x
ℓ,t+1ζ

xℓxxt (i)ωb
t+1 . (2)

Because the left-hand side equals pre-dividend (and pre-penalty) net worth in t+ 1, while the
term multiplying Υ equals the value of risk-weighted assets in t+ 1, Υ represents the minimum
capital adequacy ratio of the Basel regulatory framework. We denote the realized (ex-post) cutoff
idiosyncratic shock to loan returns below which the MCAR is breached by ω̄b

t . It is given by

ω̄b
t =

rd,tdt−1(i) + L
b
t(i)

Σx∈{c,a,y,k} (1− ζxΥ) rxℓ,tℓ
xx
t−1(i)

. (3)

3. Wholesale Lending Rates and Net Worth

Banks choose their loan volumes to maximize their expected pre-dividend net worth, which equals
gross returns on the loan book minus the sum of gross interest expenses on deposits, loan losses,
and penalties:

Max
ℓxxt , x∈{c,a,y,k}

Et

�
Σx∈{c,a,y,k}r

x
ℓ,t+1ℓ

xx
t (i)ωb

t+1 − rd,t+1dt(i)− L
b
t+1(i)− χℓℓt(i)F

b
t(ω̄

b
t+1)
�

. (4)

This yields four optimality conditions. For consumer loans we have

0 = Et

�
rcℓ,t+1 − rd,t+1 − χFbt+1 (5)

−χfbt+1

�
ℓℓt(i)

nb
t(i)

� rd,t+1r
c
ℓ,t+1 (1− ζcΥ) + rd,t+1Σx∈{a,y,k}

ℓxxt (i)

nbt(i)

�
rxℓ,t+1 (1− ζxΥ)− rcℓ,t+1 (1− ζcΥ)

�

	
Σx∈{a,y,k} (1− ζxΥ) rxℓ,t+1

ℓxxt (i)

nbt(i)


2





,

with similar conditions for the other three loan classes. Notice that each bank faces the same
expectations for future returns rxℓ,t+1 and rd,t+1, and the same risk environment characterized by

the functions fbt+1 and Fbt+1. Aggregation of the model over banks is therefore trivial because
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loans, deposits and loan losses are proportional to the bank’s level of net worth. Indices i can
therefore be dropped in both (3) and (5).

Condition (5) states that banks’ wholesale lending rate icℓ,t is at a premium over the deposit rate
id,t. We will refer to differences between wholesale lending rates ixℓ,t and the deposit rate as
regulatory spreads. The magnitude of these spreads depends on the size of the MCAR Υ, the
penalty coefficient χ for breaching the MCAR, and expressions fbt+1 and F

b
t+1 that reflect the

expected riskiness of banks and therefore the likelihood of a breach of the MCAR. Banks’ retail
lending rate icr,t, on the other hand, whose determination is discussed below, is at another
premium over icℓ,t, to compensate banks for the bankruptcy risks of their borrowers. The correct
interpretation of the wholesale rate in sector x is therefore as the rate that a bank would charge
to a hypothetical sector x borrower (not present in the model) with zero default risk.

Note that the policy rate it does not enter these optimality conditions, because the marginal cost
of banks’ funds is given by the rate id,t at which banks can create their own funds, which is lower
than it because of the non-pecuniary benefits of holding monetary transaction balances, or
liquidity.31 As we will discuss below, financial investor arbitrage ensures that the deposit rate
spread it − id,t remains nearly constant over the business cycle, unless the government
debt-to-GDP ratio changes substantially.

Another outcome of this optimization problem is banks’ actual Basel capital adequacy ratio Υa
t .

This is considerably above the minimum requirement Υ, because by maintaining an optimally
chosen buffer, banks protect themselves against the risk of penalties while minimizing the cost of
excess capital. There is no simple formula for Υa

t , which in general depends nonlinearly on a
number of parameters. We will discuss the calibration of its steady state value Ῡa below, and
relate it to the Basel-III capital conservation buffer.

Banks’ aggregate net worth nb
t represents an additional state variable of the model. It equals the

difference between the gross return on loans and the sum of gross interest expenses on deposits,
loan losses, penalties and dividends. The ex-post cost of penalties, which is partly a lump-sum
transfer to households and partly a real resource cost, is Mb

t = χℓℓt−1F
b
t . Dividends, which will be

discussed in more detail below, are given by δbnb
t . Once more using the fact that bank-specific

indices can be dropped, we have

nb
t = Σx∈{c,a,y,k}r

x
ℓ,tℓ

xx
t−1 − rd,tdt−1 − L

b
t −M

b
t − δbnb

t . (6)

4. Retail Lending Rates and Loans, Deposit Rates and Deposits

Retail lending rates and equilibrium loan levels are determined by the interaction of banks’ zero
profit conditions and borrowers’ optimality conditions for collateral assets and collateral income
flows. Both will be discussed as part of the household optimization problem below.

Deposit rates and equilibrium deposit levels are determined by the interaction of banks’
optimality conditions for loan pricing, which determine the spread between lending and deposit
rates and thus the opportunity cost of holding deposits, and households’ and financial investors’
optimality conditions for bank deposits, which determine monetary transaction cost savings or

31The policy rate would represent the marginal cost of funds if banks were able to appropriate the funding cost
advantage of deposits due to market power. See Jakab and Kumhof (2015).
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utility gains and thus the benefits of holding deposits. Transaction cost technologies and, for
financial investors, money in the utility function, will be discussed as part of the household and
financial investor optimization problems below.

5. Bank Net Worth Ownership and Dividends

In the model the acquisition of fresh capital by banks is subject to market imperfections. This is
a necessary condition for capital adequacy regulations to have non-trivial effects. We use the
“extended family” approach of Gertler and Karadi (2011), whereby bankers transfer part of their
accumulated net worth to households and financial investors at an exogenously fixed net rate.

Each household and financial investor represents an extended family that consists of two types of
members, workers and bankers. Bankers enter their occupations for random lengths of time, after
which they revert to being workers. There is perfect consumption insurance within each family.
Workers supply labour, and their wages are returned to the family each period. Each banker
manages a bank and transfers earnings back to the family at the time when his period as a banker
ends. Before that time he retains accumulated earnings within the bank. This means that, while
the family ultimately owns banks, net worth cannot be freely injected into or withdrawn from
them. That in turn means that net worth and leverage matter for the decisions of banks.

Specifically, at a given point in time a fraction (1− f) of each family are workers and a fraction f
are bankers. Bankers stay in their occupations for one further period with unconditional
probability pb. This means that in each period (1− pb)f bankers exit to become workers, and the
same number of workers is assumed to randomly become bankers. The shares of workers and
bankers within households and financial investors therefore remain constant over time.

Finally, both households and financial investors supply start-up funds to their new bankers, and
we assume that these represent a small fraction ιb of the existing aggregate banking sector net
worth. Each existing banker makes identical decisions that are proportional to his existing stock
of accumulated net worth, so that aggregate decision rules are straightforward to derive.
Therefore, the magnitude that matters for aggregate dynamics is the share of aggregate banking
sector net worth nb

t paid out to households each period, (1− pb)fnb
t , net of start-up funds, ιbnb

t .
As these terms are proportional to the aggregate stock of bank net worth, their net effects can be
denoted by δbnb

t , and our calibration is therefore simply in terms of δb. These parameters can
alternatively be thought of as fixed dividend policies of the banking sector, and for simplicity we
will utilize this terminology in the remainder of the paper.

B. Households

1. Optimization Problem

The share of households in the economy equals 1− ω. Households have unit mass and are indexed
by i. Household-specific variables are denoted by a superscript c, to denote that this group of
agents is financially constrained. Households’ utility at time t depends on an external
consumption habit cct(i)− νcct−1, where cct(i) is the per capita consumption of household i and
cct−1 is lagged average per capita consumption, and where consumption is a Dixit-Stiglitz CES
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aggregate over varieties, with elasticity of substitution θp. Utility also depends on hours worked
hc
t(i) and land at(i). Households’ lifetime utility function is

Max E0

∞�

t=0

βt
c

�

Sc
t (1−

v

x
) log(cct(i)− vcct−1)− ψh

hc
t(i)

1+ 1

η

1 + 1
η

+ ψa log(at(i))

�

, (7)

cct(i) =

�� 1

0
cct(i, j)

θp−1

θp dj

� θp
θp−1

, (8)

where βc is the discount factor, Sc
t is a shock to the marginal utility of consumption, v determines

the degree of habit persistence, η is the labour supply elasticity, and ψh and ψa fix the utility
weights of hours worked and land.

Household income, other than income from asset returns, consists of real labour income
whh

t hc
t(i) (1− τL,t), where whh

t is the real wage paid to households by unions and τL,t is the
labour income tax rate, and of real lump-sum income ιΩt/ (1− ω), where Ωt is aggregate real
lump-sum income, ι is the share of this income received by households, with the remainder
received by financial investors, and with each member of these two groups receiving an equal per
capita share of this income. Real lump-sum income is in turn given by

Ωt = δbnb
t +Πu

t + trft − τ lst lst + (1− r) (Mt + Tt) . (9)

The first two items are dividends and profits received from banks and unions. The next two items
are lump-sum transfers from the government and lump-sum taxes paid to the government.32 For
lump-sum taxes, lst is an exogenous component that grows at the gross growth rate of exogenous
technological progress x, and which is therefore fixed in real normalized terms, while τ lst is a
component with mean one that can be made time-varying according to a fiscal policy rule. The
final item in (9) is the lump-sum transfer component of monitoring costs Mt and of monetary
transaction costs Tt. The other component of these costs, r (Mt + Tt), is a real resource cost and
therefore enters the goods market clearing condition rather than the expression for transfer
income.

Households invest in a number of real and financial assets. Land at(i) has a real price of pat and a
real return of

reta,t = pat /p
a
t−1 . (10)

Capital kt(i) has a real market price of qt (Tobin’s q) and a real return of

retk,t = (rk,t + (1−∆) qt − τk,t (rk,t −∆qt)) /qt−1 , (11)

where rk,t is the user cost of capital, ∆ is the capital depreciation rate, and τk,t is the capital
income tax rate. Bank deposits dxt (i) = Dx

t (i)/Pt, x ∈ {c, a, y, k}, have a real return of
rd,t = id,t−1/πt. Under a CBDC regime, CBDC balances mx

t (i), x ∈ {c, a, y, k}, have a real return
of rm,t = im,t−1/πt. The desired deposits are created by banks through loans, with real loan levels

32We do not net these items against each other so as to be able to calibrate the fiscal accounts in a realistic
fashion. This becomes important in cases where, in response to shocks, all types of taxes, including lump-sum taxes,
are assumed to be varied in a countercyclical fashion, so that we need the lump-sum tax component of total tax
revenue to correspond to its real world counterpart. This is only possible if expenditures are specified to include both
government spending on goods and services and government transfers, as in the real world.
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denoted by ℓxt (i) = Lx
t (i)/Pt, x ∈ {c, a, y, k}. Households face real quadratic adjustment costs that

penalize rapid changes in the level of loans, and that are proportional to the real level of loans:33

Cxℓ,t(i) = ℓxt (i)
ϕx

2

�
Lx
t (i)

PtTt
−

Lx
t−1

Pt−1Tt−1

�2
. (12)

The empirical literature has found that US equilibrium real interest rates exhibit a small but
positive elasticity with respect to the level of government debt — see the discussion in Section V.
The model replicates this feature by assuming that households face financial assets transaction
costs that are proportional to their real holdings of financial assets34,

Cxf,t(i) = (dxt (i) +mx
t (i))φb

�
bratt − b̄ratss

�
, (13)

where bratt = Bt/ (4GDPt) = bt/ (4gdpt) is the government debt-to-GDP ratio, and b̄ratss is the
corresponding steady state value. This cost is treated as exogenous by households, and is rebated
back to households as part of lump-sum transfers Ψc

t(i). The budgetary effect is therefore neutral,
while marginal conditions are affected. Interest rates on all financial assets are assumed to be
affected in an identical fashion, so that a change in the government debt-to-GDP ratio, ceteris
paribus, will affect the level of interest rates but not the structure of spreads.

Households face monetary transaction costs sxt (i), x ∈ {c, a, y, k}, whose level is a function of their
holdings of real monetary transaction balances. The functional form of these transaction costs
follows Schmitt-Grohé and Uribe (2004), and will be discussed in more detail in subsection
IV.B.3. After-tax real consumption expenditure including transaction costs equals
cct(i) (1 + τ c,t) (1 + sct(i)), where τ c,t is the consumption tax rate, real investment expenditure
including transaction costs equals It(i)

�
1 + skt (i)

�
, the real cost of land including transaction

costs equals pat at(i) (1 + sat (i)), and finally real expenditure on production inputs including
transaction costs equals

�
wpr

t hh
t (i) + rk,tKt−1(i)

�
(1 + syt (i)), where wpr

t is the real wage charged
to producers by unions, and hh

t (i) = ht(i)/ (1− ω) and Kt−1(i) are per capita labour and capital
inputs into production.

Households borrow against one sector-specific form of real collateral and one or two forms of
financial collateral in each of the four sectors x ∈ {c, a, y, k}. In the pre-CBDC economy bank
deposits are the only form of financial collateral, while under a CBDC regime CBDC balances are
a second form of financial collateral. Banks are willing to base their lending decisions on a
fraction κxr

t of real collateral and a fraction κxr
t κxf

t of financial collateral. In the rest of the paper
we will refer to these coefficients as willingness-to-lend coefficients. The lending contract, which
will be discussed in more detail in subsection IV.B.2 below, specifies that banks in period t+ 1
will receive a fraction Γx,t+1, x ∈ {c, a, y, k}, of the value of collateral, where Γx,t+1 covers both
the expected interest on performing loans and the expected residual value, after monitoring costs,
of defaulting loans. Collateral includes the gross expected returns on financial assets rd,t+1d

x
t (i),

x ∈ {c, a, y, k}, and, under CBDC, rm,t+1mx
t (i), x ∈ {c, a, y, k}. The two real collateral assets are

gross expected returns on land reta,t+1pat at(i) and on capital retk,t+1qtkt(i). The two real

33This cost is introduced for numerical reasons only, and will be calibrated to be very small. A larger loan
adjustment cost could be motivated by appealing to the administrative, time and reputational costs of negotiating a
rapid change in loan levels.

34The assumption of transaction costs that are quadratic in the debt-to-output ratio is commonly used in other
literatures. The main example is the open economy literature with incomplete asset markets (Schmitt-Grohé and
Uribe (2003), Neumeyer and Perri (2005)). In the closed economy literature, Heaton and Lucas (1996) have used the
same device.
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collateral income flows are the expected real values of annualised current sales revenue rn,t+14yt(i)
and of annualised current labour income rn,t+14w

hh
t hc

t(i) (1− τL,t). Annualised quarterly flows are
used as collateral for easier comparison with asset stock values during calibration.

As in Schmitt-Grohé and Uribe (2004), each household is the monopolistic producer of one
variety of intermediate goods, and as such maximizes the difference between sales revenue and
costs, where the former equals Pt(i)yt(i) = Pt(i)yt (Pt(i)/Pt)

−θp , and the latter consist of real
wage payments wpr

t hh
t (i) (1 + syt (i)), real payments to capital rk,tKt−1(i) (1 + syt (i)), and quadratic

inflation rate adjustment costs as in Ireland (2001):

Cxp,t(i) =
φp

2
yt




Pt(i)

Pt−1(i)

πt−1
− 1




2

. (14)

Each household also produces capital goods, with profits equal to the difference between the
market value of new investment goods QtIt(i) and the sum of the effective purchase price of new
investment goods PtIt(i)

�
1 + skt (i)

�
and quadratic investment adjustment costs35

CxI,t(i) =
φI

2
It

�
Si
t

(It(i)/x)

It−1(i)
− 1

�2
. (15)

Households’ budget constraint in period t, in real terms, and for the case of a CBDC regime,
where mx

t (i) > 0, x ∈ {c, a, y, k}, is therefore

Σx∈{c,a,y,k} (d
x
t (i) +mx

t (i))
�
1 + φb

�
bratt − b̄rat

��
+ pat at(i) (1 + sat (i)) + qtkt(i) (16)

−Σx∈{c,a,y,k}ℓ
x
t (i)

�

1−
ϕx

2

�
Lx
t (i)

PtTt
−

Lx
t−1

Pt−1Tt−1

�2�

−Ψc
t(i)

= Σx∈{c,a,y,k}

�
rd,td

x
t−1(i) + rm,tm

x
t−1(i)

�
+ reta,tp

a
t−1at−1(i) + retk,tqt−1kt−1(i)

−κxr
t−1κ

xf
t−1Σx∈{c,a,y,k}Γx,t

�
rd,td

x
t−1(i) + rm,tm

x
t−1(i)

�

−κar
t−1Γa,treta,tp

a
t−1at−1(i)− κkr

t−1Γk,tretk,tqt−1kt−1(i)

−κcr
t−1Γc,trn,t4w

hh
t−1h

c
t−1(i) (1− τL,t−1)− κyr

t−1Γy,trn,t4yt−1

�
Pt−1(i)

Pt−1

�1−θp

−cct(i)(1 + τ c,t) (1 + sct(i)) +whh
t hc

t(i) (1− τL,t) +
ι

1− ω
Ωt(i)

+yt

�
Pt(i)

Pt

�1−θp

−
	
wpr

t hh
t (i) + rk,tKt−1(i)



(1 + syt (i))−

φp

2
yt




Pt(i)

Pt−1(i)

πt−1
− 1




2

+qtIt(i)− It(i)
	
1 + skt (i)



−

φI

2
It

�
Si
t

(It(i)/x)

It−1(i)
− 1

�2
.

The constraint that demand for output variety i must equal supply is

yt

�
Pt(i)

Pt

�−θp

=
	
TtS

a
t h

h
t (i)

1−α

(Kt−1(i))
α . (17)

35Production of capital goods also involves the purchase of old depreciated capital and its resale inside period t.
Because both of these transactions take place at the time t price qt, they drop out of the optimization problem.
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Finally, capital accumulation is

kt(i) = (1−∆)kt−1(i) + It(i) . (18)

The representative household maximizes (7) subject to (8), (16), (17), (18), and banks’ zero profit
conditions for the four different loan types. The latter will be derived in the next subsection,
along with the optimality conditions for all assets and income flows that serve as loan collateral.
The optimality condition for individual goods varieties is given by

cct(j) = cct

�
Pt(j)

Pt

�−θp

. (19)

The optimality conditions for aggregate consumption and investment, after normalizing by trend
growth and exploiting symmetry across households, are given by

Sc
t (1−

v
x
)

čct −
v
x
čct−1

= λ̌
c

t (1 + τ c,t)
	
1 + sct + sc

′

t v
c
t



, (20)

qt =
	
1 + skt + sk

′

t v
k
t



+φIS

i
t

�
Ǐt

Ǐt−1

��
Si
t

Ǐt

Ǐt−1
− 1

�
−βcEt

�
λ̌
c

t+1

λ̌
c

t

φIS
i
t+1

�
Ǐt+1

Ǐt

�2�
Si
t+1

Ǐt+1

Ǐt
− 1

��

.

(21)
The normalized optimality conditions for labour and capital input choices are

w̌pr
t

	
1 + syt + sy

′

t v
y
t



= m̌ct

(1− α) y̌t

hh
t

, (22)

rkt

	
1 + syt + sy

′

t v
y
t



= m̌ct

αy̌t

Ǩt−1/x
, (23)

where marginal cost is

m̌ct = A

�
w̌pr

t

Sa
t

�1−α 	
rkt


α 	
1 + syt + sy

′

t v
y
t



. (24)

2. Lending Technologies

Households at time t choose an optimal combination of real bank loans ℓxt (i) in order to obtain an
optimal combination of real bank deposits dxt (i), where in both cases x ∈ {c, a, y, k}. The time t
pledged36 collateral cxt (i) that is used to secure these loans consists, in each case, of a combination

of pledged real collateral κxr
t c

xr
t (i) and pledged financial collateral κxr

t κxf
t c

xf
t (i):

cct(i) = κcr
t rn,t+14w

hh
t hc

t(i) (1− τL,t) + κcr
t κcf

t (rd,t+1d
c
t(i) + rm,t+1m

c
t(i)) ,(collaterals)

cat (i) = κar
t reta,t+1p

a
t at(i) + κar

t κaf
t (rd,t+1d

a
t (i) + rm,t+1m

a
t (i)) ,

c
y
t (i) = κyr

t rn,t+14yt (Pt(i)/Pt)
1−θp + κyr

t κyf
t (rd,t+1d

y
t (i) + rm,t+1m

y
t (i)) ,

ckt (i) = κkr
t retk,t+1qtkt(i) + κkr

t κkf
t

	
rd,t+1d

k
t (i) + rm,t+1m

k
t (i)



.

36The term pledged is used here because collateral in general is not simply equal to the total value of the underlying
collateral asset or income flow, but instead to the portion of collateral value that is pledged to the bank in support
of the loan. This equals the total value of the respective sector-specific collateral multiplied by the corresponding
willingness-to-lend coefficient.
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At the beginning of period t+1, each borrower i draws an idiosyncratic shock which changes cxt (i)
to ωx

t+1c
x
t (i), where ω

x
t+1 is a unit mean lognormal random variable distributed independently over

time and across borrowers. The standard deviation of ln(ωx
t+1), S

z
t+1σ

x is the risk shock of
Christiano et al. (2014), a stochastic process that will play a key role in our analysis. It has an
aggregate component Sz

t+1 that is common across all loan categories, and a type-specific and (for
the simulations in this paper) constant component σx, x ∈ {c, a, y, k}. The density function and
cumulative density function of ωx

t+1 are given by fxt+1 = f
x
t (ω̄

x
t+1) and F

x
t+1 = F

x
t (ω̄

x
t+1).

We assume that each borrower receives a standard debt contract from the bank. This specifies a
nominal loan amount Lx

t (i), the percentages of collateral value against which the bank is willing

to lend κxr
t and κxr

t κxf
t , and a gross nominal retail rate of interest ixr,t to be paid if ωx

t+1 is
sufficiently high to avoid default. We will refer to the differences between the retail and wholesale
lending rates ixr,t − ixℓ,t as risk spreads, to be distinguished from the regulatory spreads ixℓ,t − id,t.
There are three important differences between our model and those of Bernanke et al. (1999) and
Christiano et al. (2014). First, bank deposits themselves (and also CBDC) can serve as financial

collateral, κxf
t > 0. This is not only realistic, it also multiplies the ability of banks to create

deposits. Second, the collateral coefficients on real collateral in general differ from one, κxr
t �= 1.

Third, the interest rate ixr,t is assumed to be pre-committed in period t, rather than being
determined in period t+ 1 after the realization of time t+ 1 aggregate shocks.37 The latter,
conventional assumption ensures zero ex-post profits for banks at all times, while under our debt
contract banks make zero expected profits, but realized ex-post profits generally differ from zero.
It is this ability of banks to make losses that justifies the presence of MCAR in the model (and in
the real world), as a way to protect depositors from losses, thereby ensuring trust in the
economy’s primary medium of exchange.

Borrowers who draw ωx
t+1 below a cutoff level ω̄x

t+1 cannot pay the contractual interest rate ixr,t
and enter bankruptcy. They must hand over all of their assets (or income flows) to the bank, but
the bank can only recover a fraction (1− ξx) of the collateral value of such borrowers. The
remaining fraction represents monitoring costs. The latter are assumed to partially (fraction
1− r) represent lump-sum income paid out to households, with the remaining portion (fraction r)
representing real resource costs. Banks’ ex-ante zero profit condition for borrower group x, in real
terms, and using generic expressions for collateral, is given by

Et

���
1− Ft(ω̄

x
t+1)
�
rxr,t+1ℓ

x
t (i) + (1− ξx)

� ω̄xt+1

0
cxt (i)ω

xfxt (ω
x)dωx

�
− rℓ,t+1ℓ

x
t (i)

�
= 0 . (25)

This states that the expected payoff to lending must equal expected wholesale interest charges
rℓ,t+1ℓ

x
t (i). The first term in square brackets is the gross real interest income on loans to

borrowers whose idiosyncratic shock exceeds the cutoff level, ωx
t+1 ≥ ω̄x

t+1, and who can therefore
pay the contractual nominal interest rate ixr,t. The second term is the amount collected by the
bank in case of the borrower’s bankruptcy, where ωx

t+1 < ω̄x
t+1. This cash flow is based on the

idiosyncratic (given the presence of ω) value of collateral, but multiplied by the factor (1− ξx) to
reflect a proportional bankruptcy cost ξx.

The ex-post cutoff productivity level is determined by equating, at ωx
t = ω̄x

t , the gross interest
charges due in the event of continuing operations rxr,tℓ

x
t−1(i) to the gross return on the part of the

37See Bernanke et al. (1999): “... conditional on the ex-post realization of Rkt+1, the borrower offers a (state-
contingent) non-default payment that guarantees the lender a return equal in expected value to the riskless rate.”
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borrower’s assets that is pledged as collateral, cxt−1(i)ω̄
x
t . This yields the condition

ω̄x
t =

rxr,tℓ
x
t−1(i)

cxt−1(i)
. (26)

Using this equation, we can replace (25) by

Et {c
x
t (i) (Γx,t+1 − ξxGx,t+1)− rℓ,t+1ℓ

x
t (i)} = 0 , (27)

where Γx,t+1 is the bank’s gross share in the value of collateral,

Γx,t+1 = Γx
t (ω̄

x
t+1) ≡

� ω̄xt+1

0
ωx
t+1f

x
t (ω

x
t+1)dω

x
t+1 + ω̄x

t+1

� ∞

ω̄xt+1

fxt (ω
x
t+1)dω

x
t+1 ,

and ξxGx,t+1 is the proportion of collateral value that the lender has to spend on monitoring costs,

ξxGx,t+1 = ξxGx
t (ω̄

x
t+1) = ξx

� ω̄xt+1

0
ωx
t+1f

x
t (ω

x
t+1)dω

x
t+1 .

In other words, the bank will set the unconditional nominal lending rate ixr,t such that its expected
gross share in collateral values (gross earnings of collateral assets plus real collateral income flows)
is equal to the expected sum of monitoring costs and the opportunity cost of the loan.

The borrower selects optimal loan and collateral levels by solving the optimization problem
described in the previous subsection, that is the borrower maximizes (7) subject to (8), (16), (17),
(18) and (27). We observe that each borrower in sector x faces the same expectations of future
returns, and the same risk environment represented by the functions Γx,t+1 and Gx,t+1.
Aggregation of the model over borrowers is therefore trivial because both borrowing and collateral
levels are proportional to borrower net worth. Borrower-specific indices i can therefore henceforth
be dropped.

The optimality condition for loans, in real normalized form and exploiting symmetry across
borrowers, is identical for all four loan categories, and given by

λ̌
c

t

	
1−

ϕx

2

�
ℓ̌xt − ℓ̌xt−1

�2
− ϕxℓ̌

x
t

�
ℓ̌xt − ℓ̌xt−1

�

=

βc

x
Et

�
λ̌
c

t+1r
x
ℓ,t+1λ̃

x

t+1

�
, (28)

where x ∈ {c, a, y, k}, λ̃
x

t+1 = Γω
x,t+1/

�
Γω
x,t+1 − ξxGω

x,t+1

�
, and Γω

x,t+1 and Gω
x,t+1 are the

derivatives of Γx,t+1 and Gx,t+1 with respect to ω̄x
t+1.

The optimality condition for capital is

λ̌
c

t =
βc

x
Et

�
λ̌
c

t+1retk,t+1

�	
1− κkr

t Γk,t+1



+ λ̃

k

t+1κ
kr
t

	
Γk,t+1 − ξkGk,t+1


��
, (29)

which can be combined with (28) to yield a condition for the optimal loan contract that, for
κkr
t = 1 and ϕx = 0, is identical to Bernanke et al. (1999). For the remaining types of loan

collateral there are differences to the basic form of (29) that will be explained below.

For land there are two differences. First, land enters the utility function of households, so that the
optimality condition contains an additional utility-related term. Second, land enters one of the
four transaction cost technologies whereby a higher value of land requires higher monetary
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transactions balances, so that there are additional terms related to the derivatives of that
technology.

The optimality condition for land is therefore

λ̌
c

t

	
1 + sat + sa

′

t v
a
t



−

ψa

p̌at at
=

βc

x
Et

�
λ̌
c

t+1reta,t+1
�
(1− κar

t Γa,t+1) + λ̃
a

t+1κ
ar
t (Γa,t+1 − ξaGa,t+1)

��
.

(30)
The optimality condition for goods prices is modified by a term that relates to the use of sales
revenue as flow collateral for working capital loans:

µpmct − 1 = φp

�
µp − 1

�� πp
t

πp
t−1

− 1

�
πp
t

πp
t−1

− βcEt

�
λ̌
c

t+1

λ̌
c

t

y̌t+1
y̌t

φp

�
µp − 1

��πp
t+1

πp
t

− 1

�
πp
t+1

πp
t

�

+
βc

x
Et

�
λ̌
c

t+1

λ̌
c

t

rn,t+14
	
−κyr

t Γy,t+1 + λ̃
y

t+1κ
yr
t (Γy,t+1 − ξyGy,t+1)


�

. (31)

The optimality condition for hours worked is modified by a term that relates to the use of
after-tax labour income as flow collateral for consumer loans:

ψh (h
c
t)

1

η = λ̌
c

tw̌
hh
t (1− τL,t) (32)

+
βc

x
Et

�
λ̌
c

t+1rn,t+14w̌
hh
t (1− τL,t)

	
−κcr

t Γc,t+1 + λ̃
c

t+1κ
cr
t (Γc,t+1 − ξcGc,t+1)


�

The optimality conditions for deposits and, if applicable, CBDC, are modified by terms that
relate to the financial assets transaction cost technologies Cxf,t(i), x ∈ {c, a, y, k} and the monetary
transaction cost technologies sxt (i), x ∈ {c, a, y, k}:

λ̌
c

t

	
1 + φb

�
bratt − b̄ratss

�
− sx

′

t (vxt )
2 fx′dep

t



(33)

=
βc

x
Et

�
λ̌
c

t+1rd,t+1

�	
1− κxr

t κxf
t Γx,t+1



+ λ̃

x

t+1κ
xr
t κxf

t (Γx,t+1 − ξxGx,t+1)
��

,

λ̌
c

t

	
1 + φb

�
bratt − b̄ratss

�
− sx

′

t (vxt )
2 fx′mon

t



(34)

=
βc

x
Et

�
λ̌
c

t+1rm,t+1

�	
1− κxr

t κxf
t Γx,t+1



+ λ̃

x

t+1κ
xr
t κxf

t (Γx,t+1 − ξxGx,t+1)
��

.

The terms sx
′

t (vxt )
2 are the derivatives of monetary transaction costs with respect to total

liquidity fx
t , while fx′dep

t and fx′mon
t are the derivatives of fx

t with respect to bank deposits and
CBDC. In the pre-CBDC economy, (34) is absent.

Banks’ real aggregate ex-post loan losses in sector x, which correspond to gains for their
borrowers, are given by

Lx
t = rxℓ,tℓ

x
t−1 − (Γx,t − ξxGx,t) c

x
t−1 . (35)

These are positive if wholesale interest expenses, which are the opportunity cost of banks’ retail
lending, exceed banks’ net (of monitoring costs) share in borrowers’ collateral value. This will be
the case if a larger than anticipated number of borrowers defaults, so that, ex-post, banks find
that they have set their pre-committed retail lending rate at an insufficient level to compensate
for lending losses.
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Banks’ real aggregate ex-post monitoring costs in sector x are given by

Mx
t = ξxGx,tc

x
t−1 . (36)

Total ex-post monitoring costs Mt, which also include default penalties on banks Mb
t , therefore

equal
Mt = (1− ω)Σx∈{c,a,y,k}M

x
t +M

b
t . (moco_total)

3. Transaction Cost Technologies

The Transaction Cost Function and Velocity The specification of households’ monetary
transaction costs, sxt (i) = sxt (v

x
t (i)), x ∈ {c, a, y, k}, follows Schmitt-Grohé and Uribe (2004). Here

vxt (i) = ext (i)/f
x
t (i) is velocity, e

x
t (i) is a generic expression for different types of spending (or asset

holding), fx
t (i) are the monetary transaction balances that are used to carry out that type of

spending, and sx
′

t > 0. The general expression for transaction costs is

sxt (i) = sxt (v
x
t (i)) = Smd

t Axv
x
t (i) +

Bx

vxt (i)
− 2
�
AxBx . (37)

The shock Smd
t changes the demand for total liquidity. An increase in Smd

t , one of the key shocks
in our business cycle analysis, can be thought of as a flight to safety, meaning a higher demand for
liquid assets for a given volume of real economic transactions. In equilibrium a higher Smd

t leads
to a combination of a lower velocity of circulation and a lower level of transactions.

There are four different expressions ext for the numerators of the velocity expressions. They relate
to consumption, investment, input purchases by producers, and real estate transactions:

ect(i) = cct(i) (1 + τ c,t) , (38)

ekt (i) = It(i) , (39)

eyt (i) = wpr
t hh

t (i) + rk,tKt−1(i) , (40)

eat (i) = pat at(i) . (41)

An important implication of this specification is that the effective purchase prices of consumption
goods, investment goods, inputs into production and real estate, which can be found in optimality
conditions (20), (21), (22), (23) and (30), are higher than their market prices by mark-ups that
are due to monetary frictions. Furthermore, there is an equivalence between these mark-ups and
changes in distortionary tax rates. We will therefore refer to these mark-ups as liquidity taxes,
and we will use a notation that emphasizes the similarity of their economic effects to those of
distortionary tax rates:

τ ℓiqx,t = 1+ sxt + sx
′

t vxt . (42)

The equivalence can be seen clearly in the optimality conditions. In (20), the equivalence is

between changes in τ ℓiqc,t and changes in the consumption tax rate τ c,t and, if (20) is combined
with (32) to obtain an expression for the marginal rate of substitution between consumption and

hours worked, between changes in τ ℓiqc,t and changes in the labour income tax rate τL,t. The
expression for the equilibrium rate of return to capital (11) combined with (21) shows the

equivalence between changes in τ ℓiqk,t and changes in the capital income tax rate τk,t. For input
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purchases in optimality conditions (22) and (23), τ ℓiqy,t is equivalent to a tax on inputs into

production, which is not a part of our formal model. And in (30), τ ℓiqa,t is equivalent to a tax on

land, which is also not a part of our formal model. In our calibration, τ ℓiqc,t and τ ℓiqk,t will be
quantitatively far more important than the other two liquidity taxes. The effects of changes in the
size of bank balance sheets or in the quantity of CBDC, and therefore in the available quantity of
monetary transaction balances, will therefore be transmitted to the real economy in a formally
equivalent way to changes in labour income, capital income and consumption tax rates, all of
which are distortionary. The distortion in the case of monetary transaction balances is a shortage,
relative to the Friedman rule, of such balances, a shortage that can never be completely
eliminated because the cost of the creation of bank deposits can never go to zero. Because
monetary transaction balances play a critical role in the ability of businesses and households to
engage in economic trades, we will also refer to this friction as the “cost of doing business”.

Because τ ℓiqc,t and τ ℓiqk,t are by far the most important liquidity taxes in our model, our figures will
report the following average as “Average Liquidity Tax”:

τ ℓiqavg,t = 1 +
cct

	
τ ℓiqc,t − 1



+ It

	
τ ℓiqk,t − 1




cct + It
. (43)

Finally, aggregate monetary transaction costs are given by

Tt = (1− ω)
	
cct (1 + τ c,t) s

c
t + Its

k
t + pat ats

a
t +wpr

t hh
t s

y
t + rktKt−1s

y
t



. (44)

The Liquidity Generating Function (LGF) Households require monetary transaction
balances, or liquidity, fx

t (i), x ∈ {c, a, y, k}, to lower their transaction costs.38 The optimal choice
of liquidity can be broken down into two key trade-offs, the first involving the costs and benefits
of borrowing from banks to create bank deposits, and the second involving the costs and benefits
of holding CBDC versus bank deposits.

When households borrow from banks in order to obtain deposits, they trade off the benefits,
reduced transaction costs due to the additional deposits, against the cost, increased net interest
expenses (spread between borrowing and deposit interest rates) due to the additional loans.
Borrowing and deposit interest rates adjust to equate these costs and benefits. This trade-off is
present in any “financing through money creation” model of banking, see Jakab and Kumhof
(2015).

When households hold CBDC instead of bank deposits, they trade off the cost of holding CBDC,
which equals the difference between the deposit interest rate and the (lower) interest rate on
CBDC, against three benefits. First, the creation of CBDC does not require debt, so that
households do not need to pay a spread between borrowing and deposit interest rates. Second,
when the government supplies a strictly limited quantity of CBDC, and when CBDC and bank
deposits are imperfect substitutes, the scarcity of CBDC gives it an additional non-pecuniary
benefit. Third, CBDC may have technological advantages over bank deposits, whereby each unit
of CBDC generates more liquidity services than a unit of bank deposits. The interest rate on
CBDC (for CBDC quantity rules) or the quantity of CBDC (for CBDC price rules) adjusts to
equate these costs and benefits.

38The liquidity demand of financial investors will be discussed in the next subsection.
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In this paper, in order to study different aspects of the introduction of CBDC, we make use of
three different model variants that differ in their specification of the LGF. The first and second
model variants are needed to study the transition from the pre-CBDC economy to a CBDC
regime, while the third variant studies the business cycle properties of an economy that has fully
transitioned to a CBDC regime, and therefore uses CBDC as one of its two monetary transaction
media.

In the first model variant only bank deposits enter the LGF. This model variant is used to
determine the pre-CBDC steady state of the economy, which is required as the initial condition
for a simulation of the transition to the CBDC regime.

In the second model variant bank deposits and CBDC jointly generate liquidity through an
additively separable and non-linear (but close to linear) LGF. Some nonlinearity is required in
order to numerically pin down the steady state portfolio shares of CBDC and bank deposits, but
the functional form and calibration that we will assume nevertheless implies a very high elasticity
of substitution between CBDC and bank deposits. Additive separability is critical for the
simulations of the transition from the pre-CBDC economy to the CBDC regime, which needs to
account for the fact that the transition starts at a zero stock of CBDC. Using a conventional
non-separable LGF for such a simulation would imply that the initial liquidity aggregate, despite
a large volume of bank deposits, would be equal to zero, which implies infinite velocity and
therefore infinite monetary transaction costs. With an additively separable and near-linear LGF,
CBDC simply adds to the preexisting stock of liquidity that is provided through bank deposits.

Clearly, additive separability is no longer critical once business cycle simulations are performed
around the steady state of an economy that has fully transitioned to the partial use of CBDC as a
monetary transaction medium. For these simulations we will therefore use a more flexible third
model variant with a non-separable LGF, specifically with a CES LGF. This functional form
allows us to explore the implications of different degrees of substitutability between bank deposits
and CBDC, and thereby of different interest semi-elasticities of the demand for CBDC relative to
bank deposits. Seen in this light, the second model variant can be seen as a version of the third
model variant that features a very high (but not infinite) elasticity of substitution. The
assumption of a high elasticity of substitution in the second model variant is a necessary
compromise that allows us to perform a meaningful transition simulation that starts from zero
CBDC balances.39

Liquidity generation in the first model variant, without CBDC, is given by

fx
t = (Tt)

1−θ (dxt )
θ , (45)

where the term (Tt)
1−θ ensures consistency with balanced growth, θ is equal across all four

sectors, and θ < 1 but close to 1.

Liquidity generation in the second model variant, with CBDC and additive separability, is
given by

fx
t = (Tt)

1−θ

�
(dxt )

θ +
	
T fintecmx

t


θ�
, (46)

where θ is equal to its value in the first model variant, and T fintec > 1 is a relative productivity
coefficient for CBDC. The size of T fintec quantifies the extent to which a unit of CBDC is more

39 It can be shown that simulations of the second and third model variants are very similar once the elasticity of
substitution of the third model variant is set equal to that of the second.
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productive at generating monetary transactions services than a unit of bank deposits. Ceteris
paribus, for a higher T fintec households are willing to hold CBDC at a lower interest rate relative
to the interest rate on bank deposits. The elasticity of substitution between CBDC and bank
deposits for this functional form of the LGF equals 1/ (1− θ).

Liquidity generation in the third model variant, with CBDC and CES LGF, is given by

fx
t =

�
(1− Smm

t γx)
1

ǫ (dxt )
ǫ−1
ǫ + (Smm

t γx)
1

ǫ

	
T fintecmx

t


 ǫ−1
ǫ

� ǫ
ǫ−1

. (47)

The role of the technology coefficient T fintec is the same as in (46). The elasticity of substitution
between bank deposits and CBDC is in this case simply equal to ǫ, which will be translated, in
Section V, into a value for the interest semi-elasticity of the demand for CBDC relative to bank
deposits.

The shock Smm
t is to the demand for CBDC relative to bank deposits. An increase in Smm

t can be
thought of as a flight to the super-safety of CBDC at the expense of bank deposits. The
equilibrium effects of a higher Smm

t will depend on whether the monetary authority elastically
satisfies the additional demand for CBDC.

C. Financial Investors

The share of financial investors in the economy equals ω. They have unit mass and are indexed by
i. Their utility at time t depends on an external consumption habit cut (i)− vcut−1 (where cut (i) is
the per capita consumption of financial investor i and cut−1 is lagged average per capita
consumption), labour hours hu

t (i) and liquidity fu
t (i). Their lifetime utility function is

Max E0

∞�

t=0

βt
u





Sc
t (1−

v

x
) log(cut (i)− νcut−1)− ψh

hu
t (i)

1+ 1

η

1 + 1
η

+ ψf

	
fut (i)
Tt


1− 1

ϑ

1− 1
ϑ





, (48)

where, apart from the discount factor βu, all other common utility function parameters (v, η, ψh)
are identical to those of households. All financial investors have identical initial endowments. The
index i is therefore only required for the distinction between cut (i) and cut−1, and can henceforth be
dropped.

This utility function exhibits two differences to those of households that require discussion. The
first is the absence of land, and the second is the presence of monetary transactions balances in
the utility function, rather than as an argument of a monetary transaction cost technology.

We begin our discussion with the absence of land from the utility function. We have simulated
model variants where financial investors hold and value (financially unencumbered) land, and
where they can trade this land with households in a frictionless market. This however gives rise to
two problems. First, it has the strong counterfactual implication that variations in households’
demand for land would be almost entirely reflected in portfolio shifts (trades of land against
deposits) between financial investors and households, with minimal effects on the price of land.
On the other hand, under the assumption that only households own and value land, variations in
their demand for land would be entirely reflected in changes in the price of land rather than in
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reallocations of land across sectors. When forced to make a choice between these polar extremes,
we found the second assumption to be more plausible.40 Second, upon the initial injection of
CBDC in exchange for government bonds in our baseline transition scenario, financial investors
increase their holdings of deposits by roughly 50%. If financial investors also held and traded
land, this would imply that households would want to purchase a very large additional quantity of
land from them, due to CBDC relaxing their financial constraints. As a result, financial investors
would end up with their total deposits increasing by almost 100%. For financial investors to be
willing to hold these additional deposits, this would require a much higher deposit rate relative to
the policy rate than in our baseline transition scenario. We find that qualitatively most of the
results reported in this paper would continue to hold if financial investors held and traded land.
But quantitatively the results for the alternative assumption are more plausible, and this is
therefore our baseline.

We now turn to the presence of monetary transactions balances in financial investors’ utility
function. The key reason for including financial investors as a second group of asset-holding
agents in our model is to generate an arbitrage condition between bank deposits and government
bonds. We recall that our concept of bank deposits corresponds to the entirety of items on the
liability side of the banking system’s balance sheet, with the exception only of net worth. We are
thinking of financial investors as the primary holders of large and comparatively less liquid
liabilities of financial institutions such as bonds, wholesale funds and large term deposits, which
in general would also pay a higher interest rate than retail deposits, and which, crucially, would
exhibit a much higher interest semi-elasticity of deposit demand than retail deposits, where the
sectorial interest semi-elasticities of deposit demand εdx, x ∈ {c, a, y, k, u}, are defined as the
percentage changes in demand for bank deposits resulting from a one percentage point increase in
the opportunity cost of bank deposits. Our model does not distinguish between wholesale and
retail deposit interest rates in order to avoid additional (and unnecessary) complications, but it
does require a quantification of the change in the deposit rate relative to the policy rate in
response to shocks that lead to large changes in desired deposit holdings. This spread is a critical
input into our simulations, because it is one of the two main determinants41 of the change in
banks’ average funding costs when CBDC is introduced into the economy via an open market
exchange against government bonds. The group of agents which determines this spread at the
margin is the one whose demand function for bank deposits exhibits the highest interest
semi-elasticity of deposit demand, which as we have just argued is financial investors. This
demand function enters into financial investors’ arbitrage condition between bank deposits and
government bonds. We therefore need a functional form of that demand function which permits
the calibration and simulation of a sufficiently high steady state εdu, in order to match empirically
plausible estimates of changes in marginal bank funding costs relative to the policy rate. While
this would appear to be possible in principle using the same Schmitt-Grohé and Uribe (2004)
formulation for investors as that used for households, in practice this functional form runs into
numerical limits, at sufficiently low εdu, where simulations break down. This is the sole reason why
we adopted the alternative money-in-the-utility-function specification (48) for financial investors,
which does not run into similar numerical limits.

40This is equivalent to assuming that financial investors do hold and value land, but that sales of land between the
two groups are subject to prohibitively large real frictions.

41The other determinant is the response of the real policy rate itself to changes in government debt, which depends
on the parameter φb in the financial assets transaction cost technology (13).
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Specifying a significantly higher εdu for financial investors also has an important implication for
the steady state sectorial demands for CBDC. High-elasticity financial investors are highly
sensitive to relative returns, including relative returns on CBDC versus bank deposits. Because
the equilibrium return on CBDC is significantly lower than that on bank deposits, the simulations
drive the share of CBDC that financial investors wish to hold towards zero. This again leads to
numerical convergence problems, so that we have opted to simplify the model further by
excluding financial-investor-held CBDC from the model altogether.42 For the above-mentioned
first and second model variants that are used for simulating the transition to a CBDC regime, we
therefore have the specification of the financial investor LGF

fu
t = (Tt)

1−θ (dut )
θ , (49)

where θ is calibrated at the same value as for households. For model variant three, on the other
hand, we simply have43

fu
t = dut . (50)

The real assets held by financial investors are domestic government bonds but (i) and bank deposits
dut (i). Their real consumption spending equals cut (i)(1 + τ c,t), and their after-tax real labour
income is whh

t hu
t (i)(1− τL,t). They also receive the fraction of other income Ωt that is not

received by households. Their overall budget constraint is

(but (i) + dut (i))
�
1 + φb

�
bratt − b̄ratss

��
(51)

= rtb
u
t−1(i) + rd,td

u
t−1(i) + Ψu

t (i)

−cut (i)(1 + τ c,t)(1 + sut (i)) +whh
t hu

t (i)(1− τL,t) +
1− ι

ω
Ωt ,

Financial investors maximize (48) subject to (51). The normalized optimality conditions for
consumption, hours worked, government bonds and bank deposits are

Sc
t (1−

v
x
)

čut −
ν
x
čut−1

= λ̌
u

t (1 + τ c,t) , (52)

ψh (h
u
t )

1

η = λ̌
u

t w̌
hh
t (1− τL,t) (53)

λ̌
u

t

�
1 + φb

�
bratt − b̄ratss

��
=

βu

x
Et

	
λ̌
u

t+1rt+1



(54)

λ̌
u

t

�
1 + φb

�
bratt − b̄ratss

��
− ψf

�
f̌u
t

�− 1

ϑ fu′dep
t =

βu

x
Et

	
λ̌
u

t+1rd,t+1



(55)

D. Unions

Unions have unit mass and are indexed by i. They are managed by households and financial
investors, and their intertemporal marginal rate of substitution is an average, weighted by current
labour supplies, of the intertemporal marginal rates of substitution of these two groups. Each
union buys homogenous labour from households at the nominal household wage Whh

t , and sells

42Of course this does not mean that financial investors could not trade their government bonds against CBDC, but
it does imply that they would then instantaneously swap their CBDC against bank deposits.

43Recall that for this model variant θ is not a model parameter.

35

 

 

 
Staff Working Paper No. 605 July 2016 

 



labour variety i to producers at the nominal producer wage W pr
t (i). Each producer demands a

CES composite of labour varieties, with elasticity of substitution θw, so that unions’ steady state
gross mark-up of W pr

t (i) over W hh
t equals µw = θw/(θw − 1). The aggregate nominal producer

wage is given by W pr
t . Unions face wage adjustment costs Cw,t(i) that, similar to price adjustment

costs above, make it costly to change the rate of wage inflation. These costs are assumed to be
received as lump-sum income by households and financial investors. Lump-sum reimbursement of
these costs to unions is denoted by Ψw

t (i). Unions’ optimization problem is therefore given by

Max
{Wpr

t (i)}
∞

t=0

E0
�
Σ∞t=0D0,t

�	
W pr

t (i)−Whh
t



ht(i)−W pr

t CW,t(i) + Ψw
t (i)
��

, (56)

D0,t =
ωhu

0

h0
βt
u

Λu
t

Λu
0

+
(1− ω)hc

0

h0
βt
c

Λc
t

Λc
0

, (57)

Cw,t(i) =
φw

2
htTt






W
pr
t (i)

W
pr
t−1(i)

W
pr
t−1

W
pr
t−2

− 1






2

, (58)

where ht(i) = ht (W
pr
t (i)/W pr

t )
−θw and Λu

t and Λc
t are the multipliers of the nominal budget

constraints of financial investors and households. The optimization problem yields a familiar New
Keynesian Phillips curve for wages. In real normalized form, this is given by

µw

w̌hh
t

w̌pr
t

−1 = φw (µw − 1)

�
πw
t

πw
t−1

− 1

�
πw
t

πw
t−1

−Et

�
Dt,t+1

w̌pr
t+1
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ht+1

ht
φw (µw − 1)

�
πw
t+1

πw
t

− 1

�
πw
t+1

πw
t

�
.

(59)
The real aggregate profits of unions, which enter into the expression for lump-sum income Ωt, are
given by Πu

t = (wpr
t −whh

t )ht.

E. Fiscal Policy

1. Government Budget Constraint

The government budget constraint is

bgt +mg
t = rtb

g
t−1 + rm,tm

g
t−1 + gt + trft − τ t , (60)

where government issuance of CBDC implies mg
t > 0, government spending is gt, and tax revenue

is
τ t = τ lst lst + τ c,tct + τL,tw

hh
t ht + (1− ω) τk,t (rk,t −∆qt)kt−1 . (61)

For future reference we note that the steady state relationship between the debt-to-GDP ratio brat

and the deficit-to-GDP ratio gdrat is given by the accounting relationship brat =
	
gdrat/4



xπ̄p

xπ̄p−1 ,

where π̄p is the inflation target of the central bank, and where the factor of proportionality 1/4 is
due to the fact that our model is quarterly.

For all but one of our simulations we assume that government spending gt is equal to a fixed
fraction sg of GDP:

gt = sggdpt . (62)
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2. Fiscal Policy Rule

Fiscal policy follows a structural deficit rule that differs for the pre-CBDC economy and the
CBDC regime.

Pre-CBDC The fiscal deficit-to-GDP ratio for the pre-CBDC economy is

gdratt = 100
Bg

t −Bg
t−1

GDPt
= 100

bgt − bgt−1/π
p
t

gdpt
= 100

b̌gt − b̌gt−1/ (xπ
p
t )

gďpt
= 100

gďt

gďpt
, (63)

where GDPt is nominal GDP. The government’s long-run target for the deficit-to-GDP ratio is
fixed at a structural deficit target of gdrat. Automatic stabilizers allow the deficit to fluctuate
with the output gap ln(gďpt/gdpss), with a response coefficient dgdp. We have the rule

gdratt = gdrat − 100dgdp ln

�
gďpt
gdpss

�
. (64)

This rule, by itself, does not state how specific fiscal tax or spending categories adjust. Our paper
studies different possibilities for this. The details can be found in subsection IV.E.3 below.

CBDC Under a CBDC regime, it is critical that the government should insulate its budget,
and thereby tax rates and/or government spending, from the budgetary effects of potentially
highly volatile seigniorage revenue from CBDC creation.44 We therefore define the adjusted
budget deficit ratio as gdxratt = gdratt + gdmrat

t , where

gdmrat
t = 100

Mg
t −Mg

t−1

GDPt
= 100

mg
t −mg

t−1/π
p
t

gdpt
= 100

m̌g
t − m̌g

t−1/ (xπ
p
t )

gďpt
= 100

gďmt

gďpt
. (65)

In this case we have the rule

gdxrat
t = gdxrat − 100dgdp ln

�
gďpt
gdpss

�
. (66)

In other words, for the purpose of the fiscal rule, changes in the stock of CBDC are added to
changes in the stock of government debt to arrive at the relevant deficit ratio. Exchanges of
CBDC against government debt therefore have no direct effect on the fiscal deficit. They do of
course have many indirect effects, due to changes in economic activity brought about by CBDC
issuance or withdrawal.

44 In all but one of the simulations of business cycle shocks shown in this paper, the sole countercyclical instrument
is the lump-sum tax rate, in which case these fiscal effects are less important. They become much more important
when the fiscal rule varies distortionary tax rates and/or government spending countercyclically.
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3. Determination of Individual Fiscal Instruments

The above fiscal rule is sufficient to endogenise one primary countercyclical fiscal instrument.
Additional fiscal instruments can be endogenised by adding auxiliary fiscal policy rules. Our
paper considers three different assumptions about the choice of the primary countercyclical
instrument and about the corresponding auxiliary rules.

First, when we simulate the transition to a CBDC regime, we assume that the revenue gains
associated with CBDC issuance, including direct gains from a lower average cost of government
financing, and indirect gains from the resulting economic stimulus, are applied towards a reduction
of three distortionary tax rates. Specifically, the fiscal rule (66) is assumed to endogenise the
labour income tax rate τL,t, while two auxiliary fiscal rules endogenise the other two distortionary
tax rates τ c,t and τk,t such that they follow labour income tax rates in proportional fashion,

(τ c,t − τ̄ c) /τ̄ c = (τL,t − τ̄L) /τ̄L , (67)

(τk,t − τ̄k) /τ̄k = (τL,t − τ̄L) /τ̄L . (68)

Here τ̄L, τ̄ c and τ̄k are the pre-CBDC steady state tax rates on labour, consumption and capital.
Lump-sum taxes and lump-sum transfers are held constant for this simulation, and government
spending follows the rule (62).

Second, for simulations of business cycle shocks we prefer to separate the monetary and financial
effects of those shocks from any fiscal effects due to variations in distortionary tax rates. The
reason is that it can otherwise become difficult to interpret the results clearly. For these
simulations, we therefore assume that the fiscal rule (66) endogenises the lump-sum tax rate τ lst ,
while all other taxes and transfers are held constant at their steady state values, and government
spending again follows (62).

Third, in one instance we discuss the effects of replacing lump-sum taxes by a full countercyclical
fiscal response that uses all fiscal instruments in almost exact proportion to their steady state
values. In this case, the labour income tax rate is endogenised by (66), the auxiliary rules (67)
and (68) are used, and in addition we have

	
τ lst − τ̄ ls



/τ̄ ls = (τL,t − τ̄L) /τ̄L , (69)

(gt − sggdpt) /sggdpt = − (τL,t − τ̄L) /τ̄L . (70)

By distributing the fiscal response across lump-sum taxes and government spending in addition to
distortionary taxes, we ensure that the large real effects of exclusive countercyclical variations of
distortionary tax rates are moderated.

F. Monetary Policy

Monetary policy under CBDC is partly very recognizable, because the policy interest rate would
be used as it is today, and partly unfamiliar, because monetary policy would control a second
instrument that determines the manner in which CBDC is issued. We discuss both of these in
turn.
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1. The Policy Interest Rate

Monetary policy in our model follows a conventional inflation forecast-based interest rate rule,
with interest rate smoothing and a countercyclical response to deviations of three-quarters-ahead
annual inflation from the inflation target:

it = (it−1)
ii

�
xπ̄p
�
1 + φb

�
bratt − b̄rat

��

βu

�(1−ii)�
πp
4,t+3

(π̄p)4

� (1−ii)iπp
4

. (71)

The second term on the right-hand side is the steady state nominal interest rate, which takes into
account that the steady state real interest rate is increasing in the government debt-to-GDP ratio.
The third term on the right-hand side is the response to inflation, where πp

4,t = πp
tπ

p
t−1π

p
t−2π

p
t−3.

2. The Second Monetary Policy Instrument under CBDC

For monetary policy as currently practised, the debate about the appropriate policy tool was
settled decades ago, in favour of controlling a short-term interest rate. In the past there were
debates, most recently in the 1980s, about whether a monetary quantity aggregate should be
controlled instead, but this was eventually rejected, based on a hierarchy of three arguments.
First, because there are many possible definitions of “money”, this would pose problems in
defining the economically relevant monetary aggregate. Second, even if the relevant monetary
aggregate could be defined, the argument is that there would be problems in controlling it
effectively, given that all but the narrowest monetary aggregates are under the control of private
banks rather than the central bank.45 However, none of these two arguments apply to CBDC as
envisaged in this paper, which would be an economically relevant monetary aggregate as long as
the quantity outstanding is sufficiently large and its substitutability with other monetary
transactions media is sufficiently low, and which would be very straightforward to define and, if
desired, to control. This leaves us with the third argument, which concerns the relative economic
benefits of controlling the quantity versus the price of CBDC, in the spirit of Poole (1970). In this
case, the argument against controlling a CBDC quantity aggregate is that this will increase
aggregate volatility if shocks to money demand are sufficiently important. This argument is not
as easily dismissed. In fact, our simulations will offer arguments against a CBDC quantity rule
precisely on this basis, even though the results are far less pronounced than in Poole (1970),
because under a CBDC regime banks remain the creators of the marginal unit of money, while in
the main argument of Poole (1970) all money is created by government. In order to generate
simulations that are capable of studying this question, we need to first specify CBDC quantity
and price rules.

Quantity Rule for CBDC We assume that under a CBDC quantity rule, the central bank
fixes the ratio of CBDC to GDP at an average value of mrat over the cycle, and then permits it to
vary countercyclically according to

mrat
t = mratSms

t − 100mπpEt ln

�
πp
4,t+3

(π̄p)4

�

, (72)

45This includes the possibility, known as Goodhart’s Law (Goodhart (1975)), that private sector behavior may
change in response to changes in the targeted monetary aggregate. This is closely related to the Lucas critique
(Lucas (1976)).
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where mrat
t = 100 (mg

t / (4gdpt)), m
rat is the target and therefore steady state value of mrat

t ,
mπp ≥ 0, and Sms

t is a money supply shock that represents discretionary monetary stimulus (or
tightening). The baseline version of this rule, with mπp = 0 and Sms

t ≡ 1, implies a completely
fixed quantity of CBDC relative to GDP, so that any changes in demand for CBDC will be
reflected in im,t, the interest rate on CBDC, alone (except to the extent that they affect GDP).

For mπp > 0, when inflation is expected to be above target, this rule removes CBDC from
circulation, through a central bank sale to the private sector of government debt against CBDC.
This has a countercyclical effect that goes beyond the effects of the policy rate it. It withdraws
liquidity that agents can only replace through additional bank deposits, which requires additional
bank loans. Bank deposits are not only more expensive than CBDC, they are also imperfect
substitutes for CBDC in the LGF. As a result, there is an increase in transaction costs and in
liquidity taxes τ ℓiqx,t, which, similar to an increase in distortionary tax rates, causes a decrease in
real activity.

The relationship between the equilibrium quantity of and the equilibrium interest rate on CBDC
is such that a reduced quantity of CBDC leads to a lower interest rate on CBDC. There are two
intuitive explanations for this result. First, we offer a general explanation that does not refer to
the specific monetary nature of CBDC. As with any asset that is imperfectly substitutable for
other assets, when the supply of that asset declines at a given demand, the remaining stocks of
the asset become more valuable, so that potential holders are willing to pay a higher price for
them. In other words, they are willing to accept a lower return, or a lower interest rate. Second,
we offer a specific explanation that does refer to the monetary nature of CBDC as the reason for
its imperfect substitutability. Abstracting from risk, the return on an asset that serves as a
monetary transaction medium always consists of two parts, the non-pecuniary benefit of holding
liquidity and the financial return on the asset. By arbitrage, the sum of these two has to equal
the opportunity cost of holding the asset, in this case the policy rate, which is paid on a
non-monetary asset, in other words on an asset that does not yield non-pecuniary benefits. When
CBDC is withdrawn from circulation, liquidity becomes more scarce, which increases the
non-pecuniary benefits of holding the remaining CBDC. For a given policy rate, this means that
the financial return on CBDC, im,t, can fall.

Price Rule for CBDC We assume that under a CBDC price rule, the central bank varies the
nominal interest rate paid on digital currency according to

im,t =
it
sp

�
πp
4,t+3

(π̄p)4

�−im
πp

. (73)

The baseline version of this rule, with imπp = 0, implies a fixed spread sp > 1 of the policy rate
relative to the interest rate on CBDC, so that any changes in demand for CBDC will be reflected
in mg

t , the quantity of CBDC, alone (except to the extent that they affect the policy rate).

For imπp > 0, when inflation is expected to be above target, the interest rate on digital currency is
lowered relative to the policy rate. This, ceteris paribus, makes CBDC less attractive to hold, so
that agents will exchange it for government bonds. This endogenous reduction in liquidity has the
same effects as the direct withdrawal of liquidity under the countercyclical quantity rule discussed
above.
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For any CBDC price rule, and also for a countercyclical CBDC quantity rule, to be effective, the
steady state quantity of CBDC has to be large enough to make sizeable withdrawals of CBDC
feasible without hitting a “quantity zero lower bound”. This is one of the reasons why we will
assume that the steady state stock of CBDC equals 30% of GDP. Another reason is that the
technological and competitive advantages of CBDC are unlikely to be realized unless private
agents can use it with sufficient frequency. And finally, the steady state efficiency gains of CBDC
issuance are large and, at least over the range that is likely to be initially considered,
monotonically increasing in the amount issued. It is reasonable to expect that policymakers
would want to take at least some advantage of this.

G. Equilibrium and Market Clearing

In equilibrium, each group of agents maximizes its respective objective function subject to
constraints, the government follows a set of fiscal and monetary policy rules, and markets clear.

1. Individual Optimality

Households maximize (7) subject to (8), (16), (17), (18) and (27), financial investors maximize
(48) subject to (51), banks maximize (4) subject to (2), and unions maximize (56) subject to (57)
and (58).

2. Policy Rules

Fiscal policy follows the rule (64) in the pre-CBDC economy, and the rule (66) under the CBDC
regime. The individual fiscal instruments are determined according to one of the three schemes
detailed in subsection IV.E.3. Monetary policy follows the inflation-forecast-based rule (71) at all
times, and one of the rules (72) or (73) under the CBDC regime.

3. Market Clearing

We define aggregate consumption as ct = ωcut + (1− ω) cct . Then the goods market clearing
condition is given by

(1− ω) yt = ct + (1− ω) It + gt + r (Mt + Tt) . (74)

The labour market clearing condition is

ht = ωhu
t + (1− ω)hc

t . (75)

The fixed supply of land is denoted by a. Then the land market clearing condition is

at = a . (76)

The capital market clearing condition is

kt = Kt . (77)
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The bonds market clearing condition is
bgt = ωbut . (78)

The market clearing condition for digital balances is

mg
t = (1− ω)

	
mc

t +ma
t +my

t +mk
t



. (79)

Finally, GDP is defined as
gdpt = ct + (1− ω) It + gt . (80)

H. Shocks

The shocks Sx
t , x ∈ {a, c, i,md,ms,mm} are autoregressive, and follow the processes

lnSx
t = ρx lnS

x
t−1 + εxt . (81)

The shock Sz
t multiplies each standard deviation of borrower riskiness, σx

t , x ∈ {c, a, y, k}, and
therefore captures a generalized change in borrower riskiness. We assume that it consists of two
components, Sz

t = Sz1
t Sz2

t . The first component consists of the sum of news shocks εnews
t received

over the current and the preceding 12 quarters, lnSz1
t = Σ12j=0ε

news
t−j , while the second component

is autoregressive and given by lnSz2
t = ρz lnS

z2
t−1 + εz2t .

V. Calibration

This paper studies the effects of introducing CBDC into the US economy, under the assumption
that it operates away from the zero lower bound on nominal policy interest rates. We therefore
calibrate the steady state of our model economy based on US data for the period 1990-2006. One
period corresponds to one quarter. We begin our discussion with the calibration of the pre-CBDC
economy, almost all of which carries over to the calibration of the CBDC economy. We then turn
to a discussion of the calibration features that are specific to CBDC.

Tables 1-4 show a complete listing of the calibrated parameter values.46 The calibration targets of
the second column of Tables 1-4 are held constant across model variants except where indicated
otherwise. The columns “Pre-CBDC” show parameter values for the pre-transition baseline
economy, with LGF (45). The columns “Post-CBDC” show parameter values for the
post-transition CBDC regime, with CES LGF (47), which is used to simulate business cycle
shocks. Parameter values for the post-transition CBDC regime with LGF (46) are not shown.
However, the non-CBDC parameters for all three of these economies are very similar. This is
evident for the two regimes shown in Tables 2 and 3.

46The tables use the following acronyms: HH = households, FI = financial investors, WCAP = working capital,
TA Cost = transaction cost, MCAR = minimum capital adequacy ratio.
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A. Pre-CBDC Economy

The trend real growth rate is calibrated at 2% per annum and the inflation target at 3% per
annum, through the appropriate choices of x and π̄p. The relevant historical average for the real
interest rate on short-term US government debt equals around 2.5%-3.0% per annum. We
calibrate it at 3% per annum, through the choice of the discount factor of financial investors βu.
The population share of financial investors is assumed to equal 5%, or ω = 0.05. The steady state
ratio of per capita household and financial investor consumption is for simplicity fixed at 1:1,
through the choice of the parameter ι, which determines these groups’ relative income levels. The
parameter r, which determines the share of monitoring and transaction costs that represent real
resource costs rather than lump-sum payments, is fixed at r = 0.25.

The labour income share is calibrated at 61% by fixing α. In BLS data for the US business sector
this share has exhibited a declining trend over recent decades, and we therefore base our
calibration on the more recent values. The private investment to GDP ratio is set to 19% of GDP,
roughly its average in US data. The implied depreciation rate, at close to 10% per annum, is in
line with much of the literature. The investment adjustment cost parameter, at φI = 2.5, follows
Christiano et al. (2005). The price and wage mark-ups of monopolistically competitive
manufacturers and unions are fixed, in line with much of the New Keynesian literature, at 10%, or
µp = µw = 1.1. Together with the assumptions for the price and wage inflation stickiness
parameters of φp = 200 and φw = 200, this implies an average duration of price and wage
contracts of 5 quarters in an equivalent Calvo (1983) setup with full indexation to past inflation.
This is similar to the results of Christiano et al. (2005).

The government accounts are calibrated in considerable detail, because many of the effects of
transitioning to a CBDC regime are of a fiscal nature. This includes a lower average cost of
government financing, due to lower market interest rates and a partial switch to CBDC financing,
which can be applied towards lower taxation (or higher spending). We study the quantitative
implications of these changes for interest rates and for distortionary taxes, the latter starting from
levels that are consistent with the data. The calibrated value for the initial steady state
government debt-to-GDP ratio is 80%, roughly equal to its value prior to the onset of the Great
Recession. The government spending to GDP ratio is set to its approximate historical average of
18% of GDP. Tax rates on labour, capital and consumption are calibrated to reproduce the
historical ratios of the respective tax revenues to GDP, which are 17.6% for labour income taxes,
3.2% for capital income taxes, and 4.6% for consumption taxes. The implied initial steady state
tax rates are τL = 0.317, τk = 0.248 and τ c = 0.073. The share of taxes that cannot be classified
as either labour income, capital income or consumption taxes is set at one third. This implies a
ratio of government transfer payments to GDP equal to just under 20%, approximately equal to
the value of this ratio in the data. Fiscal policy can be characterized by the magnitude of
automatic stabilizer effects, in other words by the size of dgdp. This has been quantified by the
OECD (Girouard and André (2005)), whose estimate for the United States we adopt, at
dgdp = 0.34.

The calibration of the historical U.S. monetary policy reaction function is close to the coefficient
estimates reported for the Federal Reserve Board’s SIGMA model (Erceg et al. (2006)) and the
IMF’s Global Projection Model (Carabenciov et al. (2013)). The coefficients are ii = 0.7 and
iπp = 2.0.
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Laubach (2009), Engen and Hubbard (2004) and Gale and Orszag (2004) report empirical
estimates, for the United States, of the elasticity Ξ (in percent per annum) of the real interest
rate rt with respect to changes in the government debt-to-GDP ratio bratt (in percentage points).
They report a range of Ξ ∈ [0.01, 0.06], in other words each percentage point increase in the debt
ratio increases the real interest rate by between 1 and 6 basis points. Following the transition to a
CBDC regime, the stock of total government financing, which equals government debt plus
CBDC, remains at 80% of GDP. As discussed in Section III, there are nevertheless two reasons
why the elasticity with respect to government debt alone should be considerably larger than zero.
First, the interest burden of consolidated government financing is substantially reduced when the
government (partly) replaces non-monetary debt instruments with monetary CBDC, whose real
interest burden vis-a-vis the private sector is less than half of that on government debt. Second,
with CBDC, unlike with government debt, there is no default risk, which makes the entirety of
government financing inherently less risky. On balance, we therefore calibrate the elasticity
conservatively at 2 basis points, or Ξ = 0.02, which requires φb = 0.00005.

In household preferences, all common behavioural parameters except for the discount factors are
identical across households and financial investors. We set the labour supply elasticity to η = 1, a
common choice in the business cycle literature. Habit persistence is parameterised by v = 0.7.
The utility weight on leisure ψh is set to normalize the steady state labour supply of financial
investors to 1.

For banks, the parameter Υ that determines the Basel minimum capital adequacy ratio (MCAR)
is set to 8% of risk-weighted assets, as under both the Basel-II and Basel-III regulations. Based
on details of the Basel-III regulations, we set the risk-weight parameters to ζa = 0.5 for mortgage
loans, ζc = 0.75 for consumer loans, ζy = 1.0 for working capital loans, and ζk = 0.9 for
investment loans. The parameter δb is calibrated such that banks maintain an average actual
capital adequacy ratio of 10.5%, which means that they maintain a capital conservation buffer of
2.5%, as envisaged under Basel-III. The steady state percentage of banks violating the MCAR is
set to 2.5% of all banks per quarter, through calibration of the bank riskiness parameter σb.

Our calibration of the interest rate margin between the policy rate it and banks’ deposit rate id,t
is based on Ashcraft and Steindel (2008), who find a margin of 1.34%, in 2006, between the
average rate of commercial banks’ portfolio of treasury and agency securities on the one hand,
and their overall portfolio of liabilities on the other hand. We have repeated their computations
for a longer time span, and found similar spreads in the 1990s and between 2004 and 2006, but
lower spreads from 2001-2004. During that period the policy rate was lowered to unprecedented
(at that time) levels while interest rates on bank liabilities, of which a significant portion is of
longer duration, did not drop to the same extent. This in fact suggests that during times of
steady policy rates the margin of Ashcraft and Steindel (2008) may be biased downwards because
banks’ portfolio of liabilities has a longer average duration, and thus a larger term premium, than
their portfolio of government securities. On the other hand, our paper uses a broader concept of
deposit liabilities than Ashcraft and Steindel (2008), who focus only on commercial banks, while
we include all financial institutions that offer liquid liabilities, including the shadow banking
system. The liabilities of non-bank financial institutions are less liquid on average than those of
commercial banks, and therefore need to offer a higher interest rate. Our compromise calibration
is to fix a steady state interest rate margin between it and id,t of 1%, through the choice of the
discount factor of households βc. Finally, the steady state interest rate margin between the
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deposit rate id,t and the rate that banks would charge on riskless47 private mortgage loans iaℓ,t is

fixed at 1.5% per annum in steady state.48 This means that the margin of the riskless private
lending rate over the policy rate is 0.5%, which is roughly equal to the historical spread of the
3-month US$ LIBOR over the 3-month treasury bill rate. The implied value for penalty costs χ
equals around 1.2% of the value of assets of those banks who are in violation of MCAR.

The overall size of the financial system’s balance sheet is calibrated at 180% of GDP, with the net
worth component determined through the Basel regulatory parameters. This figure is a
compromise, in that it exceeds the 100% of GDP reported for 2006 by the Federal Financial
Institutions Examination Council (2007), while it is well below the almost 350% of GDP reported
by Gorton et al. (2012). Federal Financial Institutions Examination Council (2007) includes US
commercial banks, US branches and agencies of foreign banks, thrift institutions, and credit
unions, but it excludes the shadow banking system, while Gorton et al. (2012) include shadow
banks. Similar numbers to Gorton et al. (2012) are provided by Pozsar et al. (2010), who use the
Flow of Funds database to show that, just prior to the onset of the 2007 crisis, total liabilities of
the US commercial banking sector equalled around 100% of GDP, while the size of the shadow
banking sector was around 150% of GDP, and despite a large subsequent contraction it still
exceeded the size of the commercial banking sector in 2010. Gorton (2010) emphasizes that a key
component of the shadow banking system is the repo market, but that its size is very hard to
estimate reliably due to a lack of comprehensive data coverage. Nevertheless, available estimates
for the relevant period range between US$ 10 trillion (gross) according to Hördahl and King
(2008) and US$ 12 trillion according to Gorton (2010). Our reason for including at least a
conservative estimate of the liabilities of the shadow banking system is that these liabilities
perform money-like functions that must not be omitted from a model of the modern US financial
system. This is emphasized by Gorton et al. (2012), who describe the functions of such liabilities
as follows: “To the extent that debt is information-insensitive, it can be used efficiently as
collateral in financial transactions, a role in finance that is analogous to the role of money in
commerce.” A large share of financial system debt can therefore command an interest rate
discount below the policy rate by yielding these financial, rather than purely goods market,
transaction services. Because, in terms of our model, the full menu of safe assets considered by
Gorton et al. (2012)49, and also by Pozsar et al. (2010), includes items not always intermediated
by the financial system and items that would represent double-counting in a model with a single
aggregated banking system, we adopt a compromise calibration of a total balance sheet size of
200% of GDP50. We then reduce this figure to 180% by excluding the 20% of GDP of treasury
debt that is held by the banking system, assuming instead that all of treasury debt is held by the
non-bank private sector. This has modelling advantages, while the effects on our results are small.

47While in the model no borrower is charged the riskless rates ixℓ,t, x ∈ {c, a, y, k}, these rates are important as the
base lending rates to which risk-based spreads are added.

48We choose the wholesale mortgage rate because mortgages have the lowest risk-weighting, which makes them the
closest equivalent in the model to loans to blue chip, or near-zero-risk, borrowers.

49The asset categories included in safe assets by Gorton et al. (2012), who use the Federal Reserve’s Flow of Funds
database, include bank deposits, money market mutual fund shares, commercial paper, federal funds, repurchase
agreements, short-term interbank loans, treasuries, agency debt, municipal bonds, securitized debt and high-grade
financial sector corporate debt.

50Primarily due to the inclusion of the shadow banking system, this figure is much larger than traditional measures
of the money supply such as M2, MZM or M3 (discontinued in 2006), with even M3 only reaching around 80 percent
of GDP in 2006.
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A second reason for choosing the 180% figure is that it is approximately consistent with Flow of
Funds information on the size of borrowing exposures of the US corporate and household sectors.
Just before the onset of the crisis, the total amount of credit market debt outstanding for
non-financial businesses reached 80% of GDP. Ueda and Brooks (2011) show that around
20%-25% of this was short-term debt with a maturity of up to one year. We therefore set the
steady state values of short-term or working capital loans ℓyt equal to 20% of GDP.51 We allocate
the remaining 60% of GDP to long-term or investment loans ℓkt . Similarly, just prior to the crisis
the ratio of residential mortgages to GDP reached around 80% of GDP. Our model does not
feature housing investment, but rather a fixed factor referred to as land. A significant portion of
housing investment does represent the acquisition of the underlying land, and a significant portion
of the remainder represents purchases of preexisting houses where additional investment is only a
minor consideration. On the other hand, housing construction does play an important role, and in
fact in US statistics it is included as part of private investment. Out of the stock of residential
mortgages, we therefore allocate one quarter, or 20% of GDP, to ℓkt , to represent the housing
construction component of investment loans, taking the total to 80% of GDP. We allocate the
remaining 60% of GDP to mortgage loans ℓat . The Flow of Funds data show that short-term
consumer loans reached just under 20% of GDP prior to the crisis, and we therefore set ℓct to 20%
of GDP in steady state. All loans-to-GDP ratios are calibrated by fixing the steady state
willingness-to-lend coefficients for real collateral κxr, x ∈ {c, a, y, k}, under the maintained
assumption that the coefficients for financial collateral are equal those for real collateral, κxf = 1,
x ∈ {c, a, y, k}. The resulting values are within a plausible range, at κcr = 0.88, κar = 1.17,
κyr = 0.35 and κkr = 0.52.52

We comment next on the calibration of balance sheet leverage. Ueda and Brooks (2011) contain
information on the leverage or debt-to-net-worth ratio of all listed US companies. For the overall
non-financials group this has fluctuated around 140% since the early 1990s, while for the core
manufacturing and services sectors it has fluctuated around 110%. Leverage for unlisted
companies is likely to have been lower on average due to more constrained access to external
financing. We therefore choose a steady state leverage ratio of 100% for investment loans, and we
interpret this as the ratio of investment loans to the difference between the value of physical
capital and investment loans. The parameter that allows us to fix this ratio is the
money-in-the-utility-function parameter of financial investors ψf , which determines the overall
size of banks’ balance sheets after all other categories of loans and deposits have been calibrated
through other parameter choices. For mortgage leverage ratios we use data from the Flow of
Funds and Fannie Mae to decompose the total value of the US housing stock into its net worth
and mortgage-debt components. The resulting leverage ratio equalled around 80% in the two
decades prior to the crisis. We adjust this figure by removing the portion of the housing stock
that is owned outright, which is equal to around a third of the total, and which can be thought of
as the housing stock owned by financial investors, under the maintained assumption (see our
discussion in Section IV.C) that financial investors do not trade land with households. For the
remaining housing stock, which can be thought of as the housing stock of households, this results
in a leverage ratio of 200%, which we interpret as the ratio of mortgage loans to the difference
between the value of land and mortgage loans. We calibrate this ratio by fixing the physical stock
of land a. We also normalize the steady state price of land to 1, through the choice of the utility

51Bates, Kahle and Stulz (2008) show that, similar to our model, nonfinancial firms simultaneously borrow and
hold large amounts of cash, reaching a cash-to-assets ratio of 23.2% in 2006.

52Note that κart > 1 does not imply that loans exceed the value of land collateral. Steady state loans equal 60% of
the value of total collateral, and 67% of the value of land. See below for a discussion of mortgage leverage ratios.
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weight ψa. For consumer loans and working capital loans, balance sheet leverage is not an easily
defined concept, because a large share of their collateral takes the form of flow income rather than
valuable assets. We therefore do not calibrate leverage ratios for these two sectors.

Sectorial deposits-to-GDP ratios are harder to calibrate from the data than loans-to-GDP ratios,
because deposits are fungible and can be used for multiple rounds of spending, and for multiple
types of spending, during any given period. Our baseline assumes that steady state consumption
and investment deposits equal 50% and 30% of GDP, and that working capital and real estate
deposits each equal 10% of GDP. We calibrate these ratios using the transaction cost technology
coefficients Ax, x ∈ {c, a, y, k}. The LGF parameter on deposits θ in (45) (and also in (46)) is
fixed at θ = 0.95.

Given the overall balance sheet size of the financial sector of 180% of GDP, and the fact that
Basel regulations fix steady state bank capital at 14.385% of GDP, this implies that the deposits
of financial investors account for 65.615% of GDP. As a result of these choices, the two most
important liquidity taxes, for consumption and investment, equal τ ℓiqc,t = 1.049 and τ ℓiqk,t = 1.071.
In other words, monetary transaction costs account for steady state liquidity taxes of around
5%-7%. Given their smaller deposits-to-GDP ratios, liquidity taxes for working capital and real
estate are considerably smaller.

Steady state interest rate lending spreads are computed from average margins between different
corporate and household borrowing rates and 3-month US treasury bill rates. Ashcraft and
Steindel (2008) compute, for 2006, a 2% spread for real estate loans, a 3% spread for commercial
and industrial loans, and a 5% spread for credit card and other consumption loans. We therefore
fix the following steady state spreads: 2% for mortgage loans, 5% for consumer loans, 3% for
working capital loans, and 1.5% for investment loans. Only the latter deviates from Ashcraft and
Steindel (2008), principally because these authors only consider the commercial banking sector,
while long-term corporate funding, to the extent that it does not come directly from capital
markets, comes to a significant extent from the shadow banking system where spreads tend to be
lower. For example, in the commercial paper market average spreads prior to the crisis averaged
less than 0.5%. We calibrate these risk spreads by fixing the sector-specific borrower riskiness
parameters, σx, x ∈ {c, a, y, k}.

We fix steady state loan default rates at levels that are, as much as possible, consistent with the
literature. Ueda and Brooks (2011) show that the default rate for non-financial listed U.S.
companies has averaged around 1.5% since the early 1990s. Default rates for smaller, non-listed
companies are known to be higher. We therefore set the steady state default rate for investment
loans to 1.5% of all firms per period, and the default rate for working capital loans to 3%. As for
household loans, the average personal bankruptcy rate was just under 1% over the two decades
preceding the Great Recession. But, as discussed in White (1998), only a fraction of households
who default file for bankruptcy. For banks it is often more cost-efficient to simply write off the
debt, especially for smaller personal loans. And even for mortgage loans, lenders may be willing
to incur significant costs in restructuring the loan before forcing the borrower to resort to
bankruptcy. In our model, the costs of such write-offs and restructurings, and not only outright
bankruptcy, represent default events. We therefore calibrate the steady default rate on mortgages
at 2.5%, and on short-term household loans at 4%. These high rates can also be justified by
appealing to the U.S. credit score distribution and associated delinquency rates, where
delinquency is a 90+ days late payment on any type of debt. In the United States, as of 2012,
15% of households fell into a score range that exhibited a delinquency rate of 50% or more, and
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another 12% into a range that exhibited a delinquency rate of around one third. We calibrate
default rates by setting the sector-specific default cost parameters, ξx, x ∈ {c, a, y, k}.53

The interest semi-elasticities of deposit demand εdx, x ∈ {c, a, y, k, u}, are the percent changes,
evaluated at the steady state, in deposit demands in response to a one percentage point increase
in the opportunity cost of holding those deposits. Traditional empirical studies have estimated
money demand equations separately rather than as part of an overall general equilibrium model,
and have found interest semi-elasticities of money demand of 5 (Ball (2001)) or even lower
(Ireland (2007), O’Brien (2000)). We adopt Ball’s estimate of 5 for all four deposit categories held
by households, through an appropriate choice of the transaction cost technology parameters Bx,
x ∈ {c, a, y, k}. However, we find that if that value was adopted across all five sectors, in a general
equilibrium model where deposits are a very broad aggregate representing all transactions-related
(goods and financial markets transactions) liabilities of the financial system, the implications
become highly counterfactual. Specifically, a bank lending boom triggered by greater optimism
about the creditworthiness of borrowers raises the volume of lending and therefore of deposits.
With a generalized low interest semi-elasticity, despite the fact that lending spreads over the
deposit rate fall, the overall cost of lending could rise dramatically, because the increase in
deposits would require a very large increase of deposit interest rates relative to the policy rate.
This has not been a prominent feature of interest rate data during lending booms. To the
contrary, the data suggest that the marginal wholesale depositor is willing to increase his holdings
of deposits substantially for a relatively modest increase in deposit rates relative to policy rates.54

In other words, the marginal depositor’s money demand exhibits a high interest semi-elasticity of
deposit demand. The marginal depositor of our model is the financial investor, and for these
agents we assume that εdu = 250, which can be calibrated by fixing ϑ accordingly. The
quantitative implications of this choice will be explained in the next subsection.

B. CBDC Parameters - Transition Simulations

For the transition simulations, realistic scenarios require that the non-CBDC-specific structural
features and parameters of the post-transition CBDC economy should remain identical to those of
the pre-transition economy. We therefore assume that under CBDC the structural model, other
than for the additively separable presence of CBDC in the LGF, remains identical, and that all
the main structural parameters also remain identical.

The introduction of CBDC is assumed to occur instantaneously, in an amount equal to 30% of
GDP, through an exchange of government bonds against CBDC. The pre-transition LGF is given
by (45), and the post-transition LGF by (46), in each case with θ = 0.95. The latter implies an
elasticity of substitution between CBDC and bank deposits of 20. For the purpose of the
transition simulation we assume that the government keeps CBDC at its initial level relative to
GDP throughout the entire transition, with mrat = 30 and mπp = 0. The introduction of CBDC
reduces the ratio of government debt to GDP to 50% on impact. It is assumed that the
government subsequently keeps the target for government debt at 50% of GDP, and thus the
target for total government financing at an unchanged 80% of GDP, through the appropriate

53The assignment of parameters to calibrated data moments is of course somewhat arbitrary. An obvious example
is σx and ξx, which are interchangeable.

54Recall that when we refer to deposits, what we have in mind is all non-equity items on the balance sheet of the
aggregate financial system.
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choice of gdxrat, but allowing for short-run deviations due to countercyclical fiscal policy. We
discussed above that the baseline calibration for automatic stabilizers, for business cycle
simulations, is dgdp = 0.34. However, for the transition the policymaker knows that the economy
will eventually experience a significant and permanent expansion in output. This can be sped up
by allowing for a stronger countercyclical response of fiscal policy to the gap between current and
long-run potential output. For the transition simulation we therefore set dgdp = 0.50.

After the transition to a CBDC regime the structure of bank balance sheets adjusts endogenously.
To ensure that the steady state capital conservation buffer remains at 2.5%, in other words that
the steady state Basel ratio remains at 10.5%, we assume that banks’ dividend payout parameter
δb is adjusted accordingly. However, the implied change in δb is small.

The interest rate spread between the deposit rate and the CBDC rate is determined by the costs
and benefits of holding CBDC instead of bank deposits that were discussed in Section IV.B.3. We
calibrate the financial technology coefficient T fintec such that in the post-transition steady state
this spread equals 80 basis points. The implied value of T fintec is 1.153.

C. CBDC Parameters - Business Cycle Simulations

For the business cycle simulations, we switch to the third model variant, with CES LGF (47).
Wherever possible we calibrate the steady state to reproduce the calibration targets of the first or
pre-transition model variant in Tables 1-3. However, there are new and unique aspects to the
CES LGF specification, most importantly the allocation of CBDC to its multiple possible uses.
To calibrate this, we proceed in steps.

First, we calibrate the parameters of both the second and third model variants using the
calibration targets of the first model variant from Tables 1-3, while in each case setting the steady
state government debt-to-GDP and CBDC-to-GDP ratios equal to 50% and 30%, as shown in
Table 4. One implication is that for the business cycle simulations the steady state real policy
rate is assumed to remain at 3% per annum.

Second, the second model variant is used to compute the allocation of CBDC to its multiple uses,
under three additional assumptions. First, we again assume θ = 0.95. Second, T fintec is again
calibrated to generate a post-transition steady state spread between the deposit and CBDC rates
of 80 basis points. Third, the interest semi-elasticities of deposit demand εdx, x ∈ {c, a, y, k, u},
remain unchanged at their original values of 5 for households and 250 for financial investors, while
the formulas for εdx are of course different once LGF (46) is used in place of LGF (45). On the
basis of these assumptions, the calibration endogenously generates an allocation of CBDC to mc,
ma, my and mk.

Third, for the third model variant this allocation, together with the assumption that the elasticity
of substitution between CBDC and bank deposits equals ǫ = 2, and the assumption that the
spread between CBDC rates and deposit rates remains at 80 basis points, is then used as an input
into the calibration. This is done through an appropriate choice of the CES quasi-share
parameters γx, x ∈ {c, a, y, k} and of mrat. In this calibration, the values of the interest
semi-elasticities of deposit demand εdx are again assumed to remain unchanged at 5 and 250, and
the formulas for these elasticities are again different once LGF (47) is used in place of LGF (46).
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Our assumption that the elasticity of substitution between CBDC and bank deposits equals ǫ = 2
can be shown to imply an interest semi-elasticity of the demand for CBDC relative to deposits of
around 34 (εm = 34), which means that in response to a one percentage point increase in the
CBDC interest rate relative to the deposit rate, and holding deposits constant, demand for CBDC
would increase by around one third, or 10 percent of GDP. We have no guidance from the
literature as to whether this is a reasonable assumption. We do note, however, that the elasticity
of substitution across retail deposit accounts at different banks is unlikely to be very high. For
example, Competition and Markets Authority (2015) reports that in a 2014 survey of UK
households, almost 60% had been with the present provider of their main current account
(roughly equivalent to a US checking account) for over 10 years, and only 10% had been with
their present provider for under two years. This is despite the fact that in this period the interest
rates offered on instant-access accounts, even excluding bonus ‘teaser’ rates, varied across banks
by as much as 2.5 percentage points.55

This provides some loose evidence against very high substitutability, and may also be suggestive
of potentially much lower substitutability. To illustrate the effects that this would have, we will
repeatedly consider the alternative of ǫ = 0.075, which corresponds to εm = 1.6. This is a world
where any increase in liquidity provided through bank loans dx requires a similar increase in
CBDC liquidity mx in order to increase effective liquidity fx, x ∈ {c, a, y, k}.

VI. Results

Figures 1-17 show impulse response functions for the main variables of the model, first for the
transition simulation over a period of 60 quarters, and then for a variety of business cycle shocks
over a period of 32 quarters. All real variables (GDP, consumption, investment) are shown in
percent deviations from trend, which means that any increase in GDP shown in the figures has to
be added to an underlying trend real growth rate of 2% per annum. All interest rates are shown
in percent per annum, and in levels, because their initial steady state values convey important
information. The inflation rate and all fiscal and liquidity tax rates are shown in percentage point
deviations from their initial steady state values, and the same is true for all balance sheet ratios
relative to GDP. The acronym “EoS” in the title of several figures relates to the elasticity of
substitution ǫ between CBDC and bank deposits, and “pp” denotes percentage points.

A. Steady State Effects of the Transition to CBDC

Figure 1 studies the effects of introducing, in period 0, CBDC equal to 30% of GDP, through a
purchase of government bonds of the same value. This policy increases steady state GDP by
2.94%. The completion of the transition to this new steady state takes well over two decades.
Figure 1 studies the first 15 years, or 60 quarters. To ensure that the final steady state values are
visible in the figure, the red dotted line in each case displays the change, in period 0, of the
long-run steady state of the respective variable. The solid line shows the actual transition path.
The maintained assumptions for monetary policy are that the policy rate continues to follow the

55Our figure of 2.5 percentage points comes from the individual bank interest rates that the
Bank of England uses to construct its published Quoted Rates series. For more detail, see
http://www.bankofengland.co.uk/statistics/Pages/iadb/notesiadb/household_int.aspx.
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inflation-forecast-based interest rate rule (71), and that the supply of CBDC is kept at 30% of
GDP through a quantity rule (72) with mπp = 0. The maintained assumptions for fiscal policy
are that the fiscal rule (66) endogenises the labour income tax rate τL,t, and that the other two
distortionary tax rates τ c,t and τk,t follow labour income tax rates in proportional fashion
according to rules (67) and (68). Government and transfer spending, and lump-sum taxes, are
fixed, the first relative to GDP according to (62).

The long-run net beneficial effects of this CBDC issuance are driven by four main factors,
reductions in real policy rates, increases in deposit rates relative to policy rates, reductions in
distortionary tax rates, and reductions in liquidity tax rates due to increases in monetary
transaction balances.56 We will discuss each of these in turn, followed by a discussion of the
transition dynamics.

The first two factors are reductions in real policy rates and increases in deposit rates relative to
policy rates. Our calibration of Ξ = 0.02 implies that a 30 percentage points drop in the
government debt-to-GDP ratio is associated with a 60 basis points drop in the real policy rate.
We see this in Figure 1, where this rate drops from 3% initially to 2.4% in the long run. However,
banks’ funding costs are determined by the deposit interest rate, which is the rate that they have
to pay on the funds that they themselves create to finance loans. The spread between the policy
and deposit rates is determined by financial investors, who are the deposit holders with the
highest interest semi-elasticity of deposit demand, εdu = 250. Financial investors hold deposits
equal to 65.615% of GDP immediately before the introduction of CBDC, 95.615% of GDP
immediately thereafter as they first trade government debt against CBDC with the government
and then CBDC against bank deposits with households, and 105.06% of GDP in the very long as
they accumulate additional financial assets. Financial investors therefore eventually experience an
increase in their deposit holdings of 65%. With εdu = 250, this suggests that the deposit interest
rate must rise by 26 basis points relative to the policy rate in order to make financial investors
willing to hold the additional deposits.57 We see this narrowing of the spread between policy and
deposit rates in Figure 1, but it amounts to 30 basis points, not 26 basis points, with the policy
and deposit rates dropping by 0.60% and 0.30%, to 2.4% and 1.7%, respectively.58 An
interpretation of the narrowing of the spread between the policy rate and the deposit rate is that
banks’ funding becomes more expensive because they have to rely on wholesale funding to a
greater extent, with a sizeable share of retail monetary transaction services now being performed
by CBDC instead. However, we caution that this interpretation does not have an exact
counterpart in our model, which does not feature separate retail and wholesale deposits. There is
no initial value for the long-run interest rate on CBDC, as there was no CBDC prior to the
transition. The 80 basis points post-transition steady state real interest rate discount relative to
the deposit rate was instead calibrated, and implies a long-run level of the real CBDC interest
rate of 0.9%. As for lending volumes and lending interest rates, we observe that there is a
long-run increase in bank lending and bank deposits equal to 5% of GDP59, as banks satisfy a
higher demand for deposit balances. The latter is triggered by a combination of increased

56We re-emphasize that these calculations cannot fully account for the transition risks, nor for some of the minor
costs and benefits, listed in Section III.

57While one can argue about the exact size of this effect, a calibration of εdu < 100 would clearly have unrealistic
implications. It can be shown that in that case real deposit rates would actually increase relative to the pre-CBDC
steady state, despite the substantial drop in policy rates.

58The calibration of εdu is based on an approximation at the original steady state. The approximation error is due
to the fact that the economy subsequently moves very far away from that steady state.

59Loans and deposits drop slightly relative to GDP on impact, but their absolute drop is close to zero.
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economic activity, and of the increase in CBDC balances, which requires an increase in deposit
balances due to imperfect substitutability between the two forms of monetary transaction
balances. Despite this increase in lending, the average real wholesale lending rate declines from
3.94% to 3.65%, and thus follows the deposit rate almost exactly, with no significant increase in
the regulatory spread. This is because the increase in bank lending is not accompanied by a
significant increase in bank riskiness. The average retail lending rate however declines by only 15
basis points, from 5.22% to 5.07%, with the 15 basis points increase in the retail lending spread
reflecting higher loan-to-value ratios among bank borrowers, principally for mortgage loans but
also for investment loans. To summarize, the reduction in real deposit and wholesale lending rates
of around 30 basis points, which is the net effect of a 60 basis points reduction in the real policy
rate and a 30 basis points increase in deposit rates relative to policy rates, is the first major
reason behind the observed increase in GDP.

The third factor behind the long-run output effects is a reduction in distortionary tax rates,
which are shown in the sixth row of Figure 1. Because they start from different initial levels and
change proportionally, the labour income tax rate drops by 132 basis points in the long run, and
the capital and consumption tax rates by 103 and 30 basis points. There are several reasons for
this drop. Most importantly, while the target for the sum of government debt and CBDC remains
at 80% of GDP, the cost of financing government is considerably lower than in the pre-CBDC
economy, first because the reduction in government debt to 50% of GDP lowers the steady state
real and nominal interest rates on government debt by 60 basis points, to 2.4%, and second
because the interest rate on the CBDC component of government financing ends up being 150
basis points below the interest rate on government debt, at 0.9%. The combined effect of these
two savings in funding costs adds up to around 1.0% of GDP in the long-run. Furthermore, as
transfers are held constant in real normalized terms, the long-run increase in GDP reduces the
ratio of transfers to GDP by around 0.5%. The constancy of real government transfer payments,
such as benefit payments, after a boost to GDP is an automatic stabilizer effect. With the sum of
government debt and CBDC remaining constant relative to GDP, this means that the long-run
ratio of tax revenue to GDP can fall by 1.5%, and this is accomplished by the above-mentioned
reductions in distortionary tax rates. To summarize, the across-the-board reduction in
distortionary tax rates is the second major reason behind the observed increase in GDP.

The fourth factor behind the long-run output effects is an increase of monetary transaction
balances. Not only does CBDC increase from 0% to 30% of GDP, but also, due to positive
synergies and economic stimulus effects, bank deposits increase by 5% of GDP in the long run. In
addition to these very significant increases in the simple amounts of transaction balances, CBDC
yields higher liquidity services dollar for dollar, due to the higher technical efficiency of the
technology used by CBDC, with T fintec = 1.153. As a result of this increase in liquidity, the
liquidity taxes on consumption goods, investment goods, production inputs and land drop by 39,
77, 5 and 1 basis points in the long run. Because r > 0, this saves resources. But more
importantly, the effects of reductions in these monetary frictions are equivalent to those of
reductions in distortionary tax rates, and the size of their change is smaller but not dramatically
smaller than that of tax rates. To summarize, the across-the-board reduction in liquidity taxes is
the third major reason behind the observed increase in GDP.

The fact that bank deposits increase despite a substantial injection of CBDC should be
emphasized. A common fear concerning the introduction of CBDC is that it might take business
away from banks. However, as we have just seen, the beneficial output and efficiency effects of
CBDC in fact lead to synergies whereby demand for banks’ services increases substantially.
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It is useful to comment on the connection between the foregoing and the Friedman rule. The
Friedman rule (Friedman (1969)) states that, if possible, the money supply should be expanded to
reach the satiation point of the money demand function, where the marginal benefit of money
reaches the marginal cost of producing it, which in a world of exogenously created high-powered
money equals zero. However, this is not possible in a world where money is created endogenously
by the private banking system, because the marginal benefit of this money in equilibrium again
has to equal the cost of creating it, but in this case that cost equals the spread between loan and
deposit rates. Because of financial frictions and financial regulation, this spread will always be
positive. This means that money holders will always be unable to reach the satiation point of
their money demand function. The introduction of CBDC, which is created debt-free and
therefore does not come with the cost of a banking spread, takes agents closer to the satiation
point of their money demand function, and this explains part of the beneficial effects of CBDC.

The overall long-run output effect in Figure 1 is a very substantial GDP gain of 2.94%, with the
consumption gain at 2.23% and the investment gain at 5.28%. Table 5 decomposes this into the
contributions of the above-mentioned four effects, including all possible permutations of Ξ = 0.02
versus Ξ = 0 for real policy rate effects, and distortionary taxation versus pure lump-sum taxation
for tax rate effects. Liquidity effects are more difficult to quantify directly, and will therefore be
inferred indirectly from the other results in Table 5.

Table 5 shows that the output effects of CBDC for the case of zero real policy rate effects, Ξ = 0
instead of Ξ = 0.02, and lump-sum taxation instead of distortionary taxes, are a slightly negative
-0.04%. We will comment on this number below, but for now take it as our point of comparison.
Starting from this point, lower real interest rates account for the majority of the output gains,
with Ξ = 0.02 instead of Ξ = 0 implying a steady state real policy rate of 2.4% per annum rather
than 3.0%, and leading to an output gain of 1.47%. But the gains from lower distortionary tax
rates are not very far behind, with distortionary taxes instead of lump-sum taxes implying lower
rather than constant distortionary tax rates, and leading to an increase in the output gain of
0.76%. The sum of these two partial effects equals 2.23%, which is lower than the actual
combined effects by 0.75 percentage points. The difference is due to synergies between the two, as
part of the benefits of lower real interest rates comes through the government budget, with lower
costs of government financing allowing the government to reduce distortionary taxes. As a rough
approximation, the contributions of lower real policy rates and lower distortionary taxes equal
1.8% and 1.1%.

Finally, the GDP effect of -0.04%, at Ξ = 0 and a regime of lump-sum taxation, allows us to
quantify, again approximately, the liquidity effects of CBDC. Recall that at this point the steady
state real policy rate remains at 3.0% per annum. But the deposit interest rate still rises relative
to the policy rate when CBDC is issued, which means that in this case it rises in absolute terms.
We have simulated the model at Ξ = 0 and a regime of lump-sum taxation, and have found that
the magnitudes of steady state real interest rate increases for deposit rates, average wholesale and
average retail lending rates are 17, 17 and 8 basis points, respectively. The effect of CBDC
issuance on interest rates therefore goes in the opposite direction of the simulation in Figure 1,
and is approximately half as large. Again, as a rough approximation, this means that, absent
liquidity effects, the GDP effects of CBDC issuance would now be negative, and roughly half as
large as the positive effects of lower real interest rates in Table 5. The fact that the GDP effects
are instead close to zero reflects the effects of additional monetary transaction balances, both
CBDC and bank deposits, whose real effects are mainly due to reductions in liquidity taxes.
While these are not as large as the effects of distortionary tax rates, especially when taking
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account of the synergistic effects of taxes with lower real interest rates, they are nevertheless very
large, with a GDP gain of somewhere between 0.5% and 1.0%.

As in any exercise of this kind, the estimated output gain of approximately 3% is dependent on
the details of the model calibration. We see this as a strength rather than a weakness, because it
makes it possible to explore the sensitivity of our results to many different aspects of that
calibration. As an illustration, previous versions of this paper reported an output gain of
approximately 1% rather than 3%. The reasons for this change can be identified, and debated,
precisely. There are two of them. First, the original calibration of the interest semi-elasticity of
deposit demand of financial investors was much lower, at 50 rather than 250.60 This meant that
steady state deposit interest rates changed from 2.0% to 2.4% rather than to 1.7% following the
introduction of CBDC, in other words the spread between policy and deposit rates narrowed by
100 rather than 30 basis points. We have discussed in section V.B why we consider this too large,
and therefore why financial investors’ interest semi-elasticity of deposit demand should be
calibrated at a much higher value than 50. Making that change, which implies lower bank funding
costs and therefore lending rates in the new steady state, took output effects from 1% to just over
2%. Second, in the original calibration financial investor consumption accounted for 19.4% of
steady state GDP, while in the current version it accounts for 3.2%. Under the original
calibration a large share of aggregate demand was therefore not subject to financial frictions, and
did not benefit from the generalised reduction in financial frictions following the introduction of
CBDC. To the contrary, this portion of aggregate demand was negatively affected by a reduction
in returns on financial investments. We did not want to overemphasize this feature of the model,
and therefore reduced the share of financial investor consumption in GDP. Making this change
took output effects from just over 2% to just under 3%.

It remains to comment on some aspects of the shorter-run profile of the transition. One
important feature is an increase in the rate of inflation immediately after the introduction of
CBDC, which is sizeable at 0.8 percentage points, and quite persistent. One reason is that the
2.94% gains in aggregate output are only realized after a prolonged transition period, while
aggregate demand picks up much more quickly due to the immediate realization of the associated
wealth effects. With demand running ahead of supply, inflation rises, and with the policy rate
reacting to inflation, this means that all real interest rates are elevated for some time. Because
higher real interest rates also increase the interest cost component of the government budget,
distortionary taxes have to temporarily remain above their lower long-run level in order to satisfy
the fiscal rule. This of course further dampens activity in the short run, relative to the final
steady state. However, tax rates always remain well below their initial levels. This is one reason
why investment almost immediately grows substantially, and nearly reaches its long-run level
after about one year, and why GDP immediately expands by around 1.5%, and thereafter
temporarily stalls in years 2 and 3, but without declining significantly. The other reason is an
immediate, strong and persistent drop in liquidity taxes, which is due both to the direct injection
of liquidity through CBDC and the associated creation of additional bank deposits. This is shown
in the final row of Figure 1.

60The main reason was numerical difficulties with calibrating high interest semi-elasticities using the Schmitt-Grohe
and Uribe (2004) specification of money demands. See the discussion in Section IV.C.
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B. Quantity Rules or Price Rules for CBDC?

1. Credit Cycle Shocks

In this subsection we compare the properties of strict (mπp = 0) quantity rules (72) versus strict
(imπp = 0) price rules (73) for CBDC issuance. The exploration of countercyclical rules, with
mπp > 0 or imπp > 0, is considered in subsection VI.C below.

Figure 2 assumes a standardized shock scenario that we will use repeatedly throughout this
paper. Specifically, over a period of three years banks receive positive news shocks to the riskiness
of their corporate borrowers, as in Christiano et al. (2014), with magnitudes that by the end of
the third year reduce the standard deviation of borrower riskiness by 40%. At that time the news
shocks are reversed, and banks receive a large negative shock to the riskiness of their borrowers,
which thereafter unwinds, as a first-order autoregressive process with coefficient 0.8.

We begin with a discussion of the features of this boom-bust credit cycle that are common under
both rules. Banks respond to lower credit risk among their borrowers through both a reduction in
retail lending spreads and an increase in the stock of loans, where the additional loans are funded
through the creation of additional deposits. Both lower spreads and increased lending increase
economic activity and therefore inflation. As a result the policy rate rises, and so does the deposit
rate, which is closely arbitraged with the policy rate by financial investors. The increase in the
deposit rate, which is the marginal cost of funds to the banking system, is however not large
enough to reduce lending, because retail spreads drop to initially more than offset the increase in
the deposit rate. The increase in lending and thus in deposit creation, which reaches around 17%
of GDP by the end of the third year, reduces liquidity taxes τ ℓiqc,t and τ ℓiqk,t by well over 2
percentage points. This is equivalent to consumption tax and capital income tax cuts of the same
order of magnitude, and therefore has highly stimulative effects. This is the main reason for the
substantial increase in GDP, by over 2% by the end of the third year. Investment is the main
beneficiary, but consumption also increases. When the negative shock hits after three years,
banks respond through a combination of higher spreads and a dramatic reduction in lending, and
thus in the provision of liquidity to the economy. The resulting large increase in liquidity taxes is
the main factor behind a drop in GDP of well over 4%.

The initial reduction in borrower riskiness raises the relative efficiency of creating liquidity
through bank loans instead of CBDC. As a result, issuance of an unchanged quantity of CBDC
relative to GDP, under a CBDC quantity rule, requires that CBDC pays a higher interest rate
than before. In other words, the spread of the policy rate over the CBDC rate declines, by over 30
basis points by the end of the third year. Government debt declines, as the government’s fiscal
rule requires a countercyclical surplus during this period. When the financial cycle turns at the
end of the third year, all of these developments are reversed.

On the other hand, maintenance of a fixed spread of the policy rate over the CBDC rate, under a
CBDC price rule, implies that the quantity of CBDC demanded, and issued on demand by the
central bank, declines during the boom phase of the cycle, by more than 4 percent of GDP by the
end of the third year. During this period households therefore return CBDC to the government in
exchange for government bonds, with the result that privately held government debt declines by
much less during the boom phase, despite the fiscal surpluses. This endogenous reduction in the
quantity of CBDC is countercyclical, in that it counteracts the increase in liquidity, and therefore
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in economic activity, generated by additional bank lending. There is a slight offset in that bank
lending grows a little more strongly under a CBDC price rule, but the overall effect on liquidity is
contractionary compared to a CBDC quantity rule. This can be seen in the behaviour of liquidity
taxes, which decline less strongly under a price rule. This therefore has countercyclical effects on
GDP, which grows less strongly during the boom phase under a CBDC price rule. But the
difference between price and quantity rules is quantitatively small. A strict CBDC price rule
therefore offers only a modest degree of countercyclicality relative to a strict CBDC quantity rule.

2. Demand Shocks and Technology Shocks

Impulse responses for a range of standard real shocks, including shocks to investment and
consumption demand, and technology shocks, are not shown. The reason is that the differences
between quantity and price rules are very small, because under all these real shocks the implied
changes in the demand for monetary transaction balances are quite small in size. Therefore,
because the marginal dollar of liquidity can always be endogenously created or cancelled by
banks, the fact that a quantity rule for CBDC does not endogenously accommodate relatively
modest-sized changes in demand for liquidity is of little consequence. This changes when the
substitutability between CBDC and bank deposits is extremely low, a topic to which we return in
subsection VI.B.4 below.

We now show that for shocks other than real shocks, specifically for shocks to the demand for
total liquidity and especially to the demand for CBDC liquidity, the performance of CBDC
quantity and price rules differs more substantially.

3. Shocks to the Demand for Total Liquidity and for CBDC Liquidity

Shocks to the Demand for Total Liquidity Figure 3 studies a shock to Smd
t that increases

households’ demands for total monetary transaction balances fx
t , x ∈ {c, a, y, k}. This shock can

be interpreted as a flight to safety, whereby existing transaction balances are used to a greater
extent as safe saving vehicles rather than being spent on real economic transactions. This reduces
the velocity of circulation of existing liquidity by between 5% and 10%, in other words it makes
existing liquidity less effective at facilitating real economic transactions. As a result, the average
liquidity tax increases by over 2.5 percent on impact, and GDP contracts by over 1.5% on impact.
In order for the economy to adjust to this shock, there is therefore an urgent need to generate
additional liquidity, by whichever means available. The means are additional bank loans that
create additional bank deposits, and central bank injections of additional CBDC, through
purchases of government bonds.

One key result of this simulation is that banks can respond to this shock extremely quickly, by
expanding their balance sheets by well over 10% of GDP on impact. The main reason is that
banks are modelled according to the financing through money creation (FMC) view of Jakab and
Kumhof (2015) rather than according to the traditional intermediation of loanable funds (ILF)
view, which in its simplest version would have required some agents to deposit real savings in
banks in order for the banks’ balance sheet to be able to grow.61 As in the real world, FMC banks

61Some ILF models also allow bank balance sheets to grow through bank purchases of stocks and bonds. However,
as shown in Jakab and Kumhof (2015), this channel only applies to a very small fraction of banks’ overall activity,
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have the ability to expand their balance sheets completely independently of real savings, and this
is critical for their ability to react to money demand shocks. This does however come with a cost,
because banks are only able to expand liquidity generation against collateral, and by charging
higher lending spreads. This cost is another reason for the steep increase in liquidity taxes.

The other key result is that for this shock the CBDC policy rule makes a more significant
difference. Demand for both bank deposits and CBDC balances increases following the shock.
Under a quantity rule the demand for additional CBDC balances is not satisfied, and instead the
real interest rate on CBDC is allowed to drop very substantially, from 1.2% to around -0.1%.62

Under a price rule the CBDC interest rate instead follows the policy rate, which means that it
remains significantly higher than under a quantity rule. At this rate households wish to hold an
additional quantity of CBDC equal to more than 4% of GDP. This is supplied on demand by the
central bank, and helps to satisfy the additional demand for total liquidity. As a result liquidity
taxes rise by less than under a quantity rule, and this has noticeable, albeit not extremely large,
effects on the size of the contraction in GDP. As we will show in subsection VI.B.4, these effects
become stronger as the substitutability between CBDC and bank deposits decreases.

This result is therefore clearly in the spirit of Poole (1970), who found that when money demand
shocks dominate, a price rule, meaning an interest rate rule, is more effective than a quantity rule
at limiting macroeconomic volatility. However, there are important differences. We have already
explained that, unlike Poole (1970), we do not find significant advantages for either rule when real
shocks dominate, because the marginal unit of liquidity is created by banks, and banks can
respond very flexibly to changes in liquidity demand unless those changes are extremely large.
The latter continues to be true even under shocks to demand for total liquidity, although now the
shock is large enough for a price rule to exhibit a noticeably better performance. We would have
to be in a world closer to that of Poole (1970), where liquidity can only be provided by the
central bank, for the flexible provision of central bank liquidity under a price rule to make a very
large difference. Clearly, the more the shock to the demand for liquidity is specific to CBDC, and
the lower the substitutability between CBDC and bank deposits, the closer we are to such a
world. We will turn to these two issues, in that sequence, next.

Shocks to the Demand for CBDC Liquidity Figure 4 studies a shock to Smm
t that

increases households’ demands for CBDC balances mx
t , {x ∈ c, a, y, k}. This type of liquidity can

only be provided by the central bank, and it is therefore for this shock that we observe the largest
differences between CBDC quantity and price rules. But the caveat is that differences in the GDP
effects are still not extremely large, mainly because in our model CBDC constitutes only a
fraction of the economy’s total liquidity.

The shock in Figure 4 increases the liquidity benefits of CBDC, and therefore increases the
demand for CBDC at any given CBDC interest rate, or reduces the interest rate that the CBDC
issuer needs to offer at any given CBDC quantity. Under a CBDC price rule the CBDC interest
rate is directly tied to the policy rate, which barely moves in response to this shock. The increased
liquidity benefits of CBDC therefore translate into an increase in CBDC issuance equal to around
8 percent of GDP on impact. This is a switch to a socially more efficient way of creating liquidity,
because it circumvents the financial frictions and increases in spreads that accompany an increase

corporate lending, and even for this small fraction it is quantitatively not significant as an explanation for the observed
large jumps of the consolidated US financial system’s balance sheet.

62The nominal CBDC interest rate remains substantially above zero.
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in liquidity creation through banks. Because it reduces liquidity taxes by around 0.2%, there is an
immediate and persistent expansion of GDP, albeit of a modest magnitude of around 0.15%.
Under a CBDC quantity rule the increase in demand for CBDC is not satisfied by the central
bank, so that the increase in the liquidity benefits of CBDC instead translates into a significant
drop in the interest rate on CBDC, from 1.2% to around 0.25% on impact. In this case liquidity
taxes increase by over 0.3% on impact, because liquidity production through banks does not offer
an alternative when the shock specifically affects demand for CBDC. As a result GDP drops, but
again only by a modest magnitude approaching 0.2%. The quantity of bank deposits only changes
little under either rule. Under a CBDC price rule, because of the expansion in GDP, bank
deposits increase slightly in the long run, while the opposite is true under quantity rules.

This takes us to a very important matter. One of the main concerns with a CBDC regime is a
perceived vulnerability of banks to sudden runs from bank deposits to CBDC, at least when
CBDC is supplied by the central bank on demand as under a CBDC price rule. As shown clearly
in Figure 4, this reflects a misconception. The key issue is the issuance arrangements for CBDC.
What is assumed in the model is that the central bank only issues CBDC against government
bonds. As seen very clearly in Figure 4, the counterpart of the increased CBDC issuance under a
price rule is therefore a drop in privately held government bonds, with only a minor and transient
drop in bank deposits. The “run” is therefore not from bank deposits to CBDC but from
government debt to CBDC — because that is the only way in which households can obtain CBDC.

4. The Role of Substitutability Between CBDC and Bank Deposits

The magnitude of the elasticity of substitution ǫ between CBDC and bank deposits in the
transaction cost technologies of households has two important implications for the behaviour of
our model economy. First, under any given rule for CBDC issuance, the economy behaves very
differently at low ǫ. We will illustrate this in Figure 5 below, which studies the behaviour of the
economy under credit cycle shocks, under a CBDC quantity rule, and under our baseline
assumption of ǫ = 2 versus an alternative assumption of ǫ = 0.075. Second, any differences
between CBDC quantity and price rules are accentuated at very low ǫ. We will illustrate this in
Figure 6 below, which studies the behaviour of the economy under shocks to the demand for total
liquidity, under CBDC quantity versus price rules, and under ǫ = 0.075. The relevant comparison
here is across figures, namely with Figure 3, which shows the same shock at our baseline
calibration of ǫ = 2.

Credit Cycle Shocks Figure 5 studies the same sequence of shocks as in Figure 2, but limiting
the analysis to a CBDC quantity rule. The solid line therefore corresponds to the quantity rule
simulation of Figure 2, with ǫ = 2. The dotted line simulates the same shock for ǫ = 0.075, with
all other calibration targets remaining at the same values as in Tables 1-4.

We recall that under this shock banks are much more willing to create additional liquidity
through lending, because the riskiness of their borrowers has declined. Bank loans and bank
deposits therefore grow strongly. However, under a CBDC quantity rule the central bank does not
provide any additional CBDC beyond what is justified by additional GDP growth. With low
substitutability between CBDC and bank deposits, this severely limits the liquidity benefits of
additional liquidity creation by banks. As a result, average liquidity taxes, or the costs of doing
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business, decline by far less, around 0.6% by the end of the boom phase compared to 2.3% under
our baseline. This means that the initial boost to GDP is about one quarter of the baseline.
Lower GDP growth in turn has a negative feedback effect on bank lending, which grows
significantly less under the low substitutability scenario, for the same sequence of shocks.

The largest differences between the two scenarios concern the behaviour of interest rates. The
deposit rate, because of the high interest semi-elasticity of deposit demand εdu of financial
investors, always remains closely arbitraged with the policy rate. However, the CBDC rate
behaves very differently from the deposit rate, and this becomes extreme at low ǫ. For our
baseline substitutability of ǫ = 2, the CBDC rate rises by slightly more than other rates during
the boom phase, because under this shock the liquidity benefit of CBDC declines relative to that
of bank deposits when substitutability is high enough. However, under low substitutability the
much stronger complementarity between CBDC and bank deposits reverses this result, as it
implies that any increase in bank deposit creation strongly increases the liquidity benefits of
CBDC. When, under a quantity rule, this CBDC is not supplied on demand, the result is a much
lower real interest rate on CBDC. In our simulation, the CBDC real interest rate therefore drops
below zero during an extended part of the boom phase, and shoots up very strongly during the
crisis, with spreads relative to the policy rate reaching almost 5% during the boom phase, and
almost -3% during the crisis.

Shocks to Demand for Total Liquidity Figure 6 returns to a comparison of CBDC quantity
and price rules. Both simulations assume that ǫ = 0.075, with all other calibration targets kept at
exactly the same values as in Tables 1-4. Other than the calibration of ǫ, this simulation is
therefore identical to Figure 3.

When discussing Figure 3, we noted that the main benefit of a price rule is that it flexibly
supplies additional CBDC liquidity when demand for total liquidity increases, thereby adding to
the effects of the additional liquidity creation through banks. Figure 6 shows that these benefits
of a price rule are significantly stronger when ǫ is lower, in other words when the
complementarities between CBDC and bank deposits are stronger. This is because, with strong
complementarities between CBDC and bank deposits, the increase in bank lending is much more
effective at helping the economy cope with the shock when it is accompanied by an increase in
CBDC issuance. Furthermore, because of these complementarities, and because of the beneficial
output effects of a price rule, the increase in CBDC issuance actually permits a much larger
expansion of bank lending. Taken together this implies a much more significantly reduced
increase in liquidity taxes, and therefore a less severe reduction in GDP, than in Figure 3.

Finally, note that the larger quantity effects under a CBDC price rule are replaced by larger price
effects under a CBDC quantity rule. Specifically, when CBDC is held constant relative to GDP
following a shock to the demand for total liquidity, the liquidity benefits of CBDC increase very
strongly when CBDC is highly complementary with bank deposits, and as a result the CBDC real
interest rate under this scenario drops below -2% on impact, and remains negative for an
extended period thereafter. The nominal CBDC interest rate remains positive, however.
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5. The Role of Uncertainty about CBDC Demand

Before turning to countercyclical CBDC policy rules, we should mention that another important
factor in choosing between quantity and price rules arises at the time of the initial introduction of
CBDC. This is that the policymaker will initially find it very difficult to estimate the steady state
interest rate spread sp between the policy rate and the CBDC rate that corresponds to the
desired steady state ratio mrat of CBDC to GDP. In the absence of a reliable estimate of sp,
issuing CBDC under a price rule would therefore have unpredictable consequences for the
quantity of CBDC demanded, and thus for the demand for government bonds and bills. In that
case it might be preferable to initially issue CBDC under a quantity rule in order to let the
market establish a reasonable range for CBDC interest rates. After an appropriate period of time,
policy could then switch, if desired, to a price rule that could take these lessons into account.

C. Countercyclical CBDC Policy Rules

In this subsection we will demonstrate that countercyclical CBDC policy rules can make a
significant contribution to stabilising the business cycle, over and above the stabilisation provided
by traditional inflation-forecast-based interest rate rules. As discussed in Section IV.F.2, we study
the properties of a specific class of CBDC quantity or price rules that respond to forward-looking
inflation, in a similar fashion to the policy rate. One key result is that quantity and price rules
have very similar potential for countercyclical policy responses to standard shocks, in the sense
that for every mπp in the quantity rule (72) there is an imπp in the price rule (73) that delivers
similar countercyclical properties. The choice between quantity and price rules must therefore
mostly be based on the fact that price rules, as mentioned above, perform better under money
demand shocks. Another important result is that the relative performance of countercyclical
quantity and price rules depends critically on the elasticity of substitution between CBDC and
bank deposits, with a lower elasticity implying that smaller quantity responses and larger interest
rate responses to inflation are required to achieve the same degree of countercyclicality.

1. Credit Cycle Shocks

Figures 7, 8 and 9 again study credit cycle shocks, first under quantity rules and then under price
rules. In each case, the black solid line is identical to the corresponding line in Figure 2, in other
words to quantity rules with mπp = 0 or to price rules with imπp = 0.

In Figure 7, the two alternatives represent mπp = 4 and mπp = 8. In other words, for a one
percentage point deviation of expected inflation from target, the quantity of CBDC in circulation
is reduced by 4 or 8 percent of GDP. Because inflation rises by just over 2 percentage points just
before the collapse of the boom, this means that CBDC equal to around 8 and 16 percent of GDP
is withdrawn under the two alternative scenarios, and we can see this clearly in the subplot
“CBDC/GDP”. The counterpart of this decrease in CBDC is an increase in privately held
government debt, but the magnitude of this increase is smaller because the government runs a
countercyclical surplus during the boom phase. After the boom collapses, inflation quickly drops,
and additional CBDC is injected in countercyclical fashion.
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Withdrawing CBDC during booms and injecting it during crashes dampens the cycle of aggregate
liquidity creation. There is an offset from increased creation of bank deposits, but this is only
partial. As a result, liquidity taxes decrease by far less during the boom and increase by less
during the crash. The effect is similar to a sizeable (by close to 1 percentage point under
mπp = 8) increase in capital income, labour income and consumption taxes during the boom, and
a cut of the same taxes during the crash. This has a strong impact on GDP during the boom
phase, with the size of the increase in GDP almost cut in half for mπp = 8. There is also a
positive effect on the speed of recovery from the crash.

The changes in interest rates clearly illustrate the importance of the interest semi-elasticities of
deposit demand εd and of the demand for CBDC relative to bank deposits εm. First, the interest
semi-elasticity of deposit demand εd for the overall economy is determined at the margin by
financial investors, as explained in Section V.B, and their high semi-elasticity of εdu = 250 implies
that the policy rate and the deposit rate are almost arbitraged one-for-one. Second, the spread
between the policy rate and the CBDC rate, and therefore the spread between the deposit rate
and the CBDC rate, evolves precisely as predicted by εm. Our baseline elasticity of substitution
ǫ = 2 was shown in Section V.C to imply that a 10 percentage point decrease in CBDC relative to
GDP is accompanied by a one percentage point decrease in the CBDC rate relative to the deposit
rate. We see this exactly for mπp = 8, where a decrease in CBDC of 16 percent of GDP is
accompanied by an increase in the spread between the policy rate and the CBDC rate of 1.6
percentage points. The economic intuition is that the withdrawal of CBDC during the boom raises
the non-pecuniary liquidity benefits of the remaining CBDC, so that the government can pay a
lower interest rate on the remaining CBDC balances. While the switch from government financing
via low-interest CBDC to high-interest government debt tends to drive up government interest
payments relative to the baseline, the sizeable drop in the interest rate paid on the remaining
CBDC, together with the smaller increase in real interest rates due to the countercyclical effect of
this policy, means that the government saves significantly on interest payments, and is therefore
able to lower taxes relative to the case of mπp = 0. This has more significant real effects when the
taxes that are varied countercyclically are distortionary, as we will discuss in subsection VI.E.

In Figure 8, the two alternatives represent imπp = 0.4 and imπp = 0.8. In other words, for a one
percentage point deviation of expected inflation from target, the interest rate on CBDC, which at
imπp = 0 follows the policy rate one-for-one, is reduced by 40 or 80 basis points relative to the
policy rate. The main observation is that the impulse responses for this case are very similar to
Figure 7. This illustrates that for any choice of countercyclicality mπp of a quantity rule, there is
a corresponding choice of countercyclicality imπp of a price rule that delivers very similar
countercyclical properties. But there are some small differences. The price rule in Figure 8 was
calibrated so that the price and quantity of CBDC would behave similarly to Figure 7. However,
the GDP effects relative to the baseline are weaker in Figure 8. This is because under the price
rule the baseline itself, due to the endogenous contraction of CBDC, already has some
countercyclical effect.

Figure 9 reproduces the most countercyclical scenario, with imπp = 0.8, of Figure 8. This figure is
designed to illustrate the behaviour over the cycle of the two main policy-determined interest
rates under a CBDC price rule, the nominal policy rate it and the nominal CBDC rate im,t. The
key subplot is on the bottom left. The solid line is the nominal policy rate, which responds to the
inflation of the boom phase and the disinflation of the crash in the usual fashion. The dotted line
is the notional fixed-spread CBDC rate, which deducts the fixed spread of the CBDC price rule
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(73) from the policy rate.63 The dashed line is the actual CBDC rate under the countercyclical
CBDC price rule. We observe that the policy and CBDC rates form a corridor whose width
fluctuates over the business cycle, widening during the upturn and narrowing during the
downturn. In other words, while the policy rate rises during the boom, the CBDC rate, relative
to the policy rate, drops in order to withdraw CBDC from circulation and thereby help to prevent
overheating. The opposite happens during the downturn. This is an illustration, highly stylized of
course, of what monetary policy might look like under a CBDC regime.

2. Demand Shocks and Technology Shocks

Figure 10 studies the performance of countercyclical CBDC price rules following a contractionary
investment demand shock. Investment contracts by around 18% on impact, and GDP by around
2.75%. The resulting drop in inflation, of slightly less than 2 percentage points, calls for a large
countercyclical injection of CBDC, of around 15 percent of GDP in the case of the most
countercyclical alternative considered. This reduces liquidity taxes, in an analogous fashion to tax
cuts, and thereby contributes to a faster recovery in GDP. But even for this very large injection,
the effect on GDP is at most equal to 0.25% of initial steady state GDP immediately following
the shock. The reason is that, unlike the credit cycle shock, this shock is to the real fundamentals
of the economy rather than to monetary conditions. Countercyclical CBDC policy most directly
affects monetary conditions, and its ability to dampen economic fluctuations that originate on the
real side of the economy is therefore more limited. The same can be shown for consumption
demand shocks and for technology shocks.

3. Shocks to the Demand for Total Liquidity

Figure 11 studies the performance of countercyclical CBDC price rules following a shock to the
demand for total liquidity. The solid line of Figure 11 corresponds to imπp = 0, and is identical to
the solid line in Figure 3. The other two lines represent imπp = 0.4 and imπp = 0.8. An increase in
demand for total liquidity has strong contractionary and disinflationary effects. Under a
countercyclical rule lower inflation, which drops by well over 1 percentage point, signals to the
policymaker to raise the CBDC interest rate, and thereby to permit the injection of sizeable
quantities of CBDC into the economy. Because this mitigates the shortage of liquidity, the
increase in liquidity taxes is reduced, and as a result the contraction in GDP is smaller. Figure 12
shows that using a countercyclical quantity rule instead of a price rule, with mπp = 4 and
mπp = 8, again has very similar quantitative effects.

4. The Role of Substitutability between CBDC and Bank Deposits

Figures 13 and 14 simulate the same shock to the demand for total liquidity as Figures 11 and 12,
but under the assumption that the elasticity of substitution between CBDC and bank deposits
equals ǫ = 0.075. All other calibration targets are kept at the values of Tables 1-4. This includes
the calibration of the countercyclical coefficients of the CBDC rules, which are kept at

63Of course this is counterfactual, because if the CBDC interest rate did not react to inflation, the policy interest
rate itself would evolve differently.
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imπp = 0.4/0.8 and mπp = 4/8, respectively. Because of the different elasticity of substitution, the
steady state and dynamic behaviour of the two model economies are different, so that Figures 13
and 14 cannot be directly compared to Figures 11 and 12 in terms of the magnitudes of the
impulse responses. What we can compare however is the differential responses to countercyclical
policies.

Figure 13 shows that, using the baseline calibration of the countercyclical CBDC price rule, the
implied changes in the quantity of CBDC are far smaller than in Figure 11, and therefore so are
the effects on liquidity taxes and on GDP. The reason is that with a low ǫ the demand for CBDC
is highly unresponsive to its interest rate. The CBDC price rule would therefore have to be
calibrated far more aggressively to deliver the same stimulus results as in Figure 11.

Figure 14 shows that the opposite is true for CBDC quantity rules. First of all, given the strong
complementarity between CBDC and bank deposits, and the absence of an endogenous response
of the quantity of CBDC, the baseline rule with mπp = 0 now shows a deeper and more protracted
contraction in GDP. But for the same reason, the countercyclical injection of CBDC now becomes
much more effective at lowering liquidity taxes and thereby dampening the contraction in GDP.
This is amplified by the strong effects of CBDC injections on bank lending and thus bank deposit
creation, which is again due to the strong complementarity between CBDC and bank deposits.
The observed differences in the behaviour of the CBDC interest rate are of course much larger for
this case, because with a low ǫ any quantity change implies a much larger price change.

The general lesson from Figures 13 and 14 is that the policy rule coefficients that equalize the
degree of countercyclicality of CBDC price and quantity rules are contingent on the elasticity of
substitution between CBDC and bank deposits. The implication is that under a CBDC regime
policymakers need to anticipate technological, institutional or legal changes that might affect this
elasticity, because these changes can materially change the countercyclicality of a policy rule,
away from what may be desired by the policymaker.

D. Discretionary Monetary Stimulus Through CBDC

The ability of monetary policy to deliver additional stimulus near the zero lower bound on
nominal policy rates has been the subject of a lively policy debate. Much of that debate has
concentrated on the requirements for delivering additional stimulus through a negative policy
rate, including the abolition of cash as a way around the zero lower bound. Figure 16 illustrates
that CBDC offers an additional quantitative tool that does not require negative policy rates, and
that will in fact leave the policy rate mostly unaffected while raising the interest rate on CBDC.

Figure 15 simulates the economy’s response to a contractionary borrower riskiness shock64 that,
absent countercyclical policy, would reduce GDP by almost 1.5% on impact, with a protracted
adjustment back to the original steady state thereafter. Because this shock increases the riskiness
of bank borrowers, banks immediately cut back on lending by around 8% of GDP, with a
somewhat smaller contraction in deposits.65 This rapid loss of liquidity has a highly detrimental
effect on monetary transaction costs, with the main liquidity taxes rising by around 2% on
impact. This loss of liquidity, together with higher lending rates, explains the 1.5% contraction of
GDP, which is accompanied by a 1.5 percentage point drop in the rate of inflation.

64This is the same type of shock as the one underlying the crash portion of our credit cycle shocks simulations.
65The difference between the contractions in loans and deposits represents sizeable losses on the part of banks.
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The simulations in Figure 15 assume that monetary policy follows a strict CBDC quantity rule
without a systematic countercyclical response, mπp = 0. Instead, monetary policy is assumed to
respond to the shock through a discretionary injection of CBDC, represented by Sms

t in the
CBDC quantity rule(72). The stimulus is equal to around 10% of GDP under the most aggressive
policy response shown in Figure 15. Its effect is to partly offset the loss of bank-created liquidity,
with a sizeable countercyclical effect on liquidity taxes and on GDP. Because this injection
reduces the non-pecuniary liquidity value of existing CBDC balances, it is accompanied by an
increase in the interest rate on CBDC of almost 1.5 percentage points under the most aggressive
policy response shown. In other words, this stimulus takes the CBDC interest rate away from its
own zero lower bound. Furthermore, because the effect of the additional liquidity is inflationary
relative to the baseline of no stimulus, the policy rate is also moved away from the zero lower
bound, but this effect is quite small.

Figure 16 simulates the same shock as Figure 15, but under the assumption that ǫ = 0.075, with
all other calibration targets kept at the values of Tables 1-4. As in our comparison of Figures
13/14 with Figures 11/12, a direct comparison of the magnitudes of the impulse responses is not
appropriate, because the steady state and dynamic behaviour of the two model economies are
different. What we can compare however is the differential responses to monetary stimulus. The
size of the countercyclical injection of CBDC in Figure 16 is about one third of that in Figure 15,
relative to GDP. Yet the stimulus effects, especially after the first two quarters, are larger. This is
mainly because, with the much stronger complementarity between CBDC and bank deposits, the
stimulative effect on bank lending and deposit creation is much stronger. Similar to
countercyclical CBDC policy rules, countercyclical discretionary CBDC stimulus is therefore
much more effective when the elasticity of substitution between CBDC and bank deposits is low.
In that case it therefore represents an even more promising alternative to negative policy rates.

E. Fiscal Policy Interactions with CBDC

Figure 17 illustrates how the overall countercyclicality of policy changes, under credit cycle
shocks, when the fiscal instruments that are varied countercyclically are distortionary taxes and
government spending rather than, as in Figures 2-16, lump-sum taxes. Because the transmission
mechanism is more transparent for CBDC quantity rules, Figure 17 is based on such rules, with
mπp = 0/4/8, and can therefore be directly compared to Figure 7. The difference to Figure 7 is
that in the sixth row we replace the tax revenue-to-GDP and government deficit-to-GDP ratios
with the labour income tax rate and with government spending. These two fiscal instruments,
together with other tax rates, are now determined by the auxiliary fiscal rules (67) - (70).

Countercyclical distortionary taxes (and countercyclical government spending) now add to the
overall countercyclical policy stance, by being increased (decreased) during the initial credit-driven
expansion and decreased (increased) during the crash. As a result, under the baseline of mπp = 0,
the boom itself is now considerably weaker, and the crash much smaller, than in Figure 7.

But in addition, countercyclical CBDC policies, with mπp > 0, now have a smaller effect. This is
because countercyclical CBDC lowers the government’s interest bill during the upturn and then
increases it during the downturn, so that, in order to satisfy the fiscal rule, distortionary tax rates
increase by less (and government spending decreases by less) during the upturn, and vice versa
during the downturn. This partly offsets the countercyclical increase in liquidity taxes during the
upturn, and their decrease during the downturn. Countercyclical CBDC policies and fiscal
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policies, for credit cycle shocks, are therefore substitutes. The offset is however not complete, and
countercyclical CBDC policy remains very effective.

The broader lesson of Figure 17 is that CBDC policies have an intrinsic fiscal dimension that
cannot be ignored when studying their effectiveness. More systematic work will be required to
study the extent to which countercyclical CBDC and fiscal policies interact.

VII. Conclusions

Both central banks and private financial institutions are paying increasing attention to the
emergence of digital currencies and the distributed ledgers on which they are based, as this
technology may present an opportunity to improve the efficiency, resiliency and accessibility of
systems that facilitate monetary and financial transactions. There are, however, serious problems
with existing private versions of such currencies. These problems are not associated with the
viability of distributed ledgers in general, but rather with their prohibitively high costs of
transaction verification. Alternative implementations, such as “permissioned” systems, may
potentially avoid these costs by stepping away from purely decentralised designs while still
retaining many of the benefits. One possible application of such a permissioned system would be
the issuance of a central bank digital currency (CBDC) — universal, electronic, 24x7,
national-currency-denominated and interest-bearing access to a central bank’s balance sheet.

Any attempt to study the macroeconomic consequences of adopting a CBDC regime faces the
problem that there is no historical experience to draw on, and thus also a complete absence of
data for empirical work. Our approach has therefore instead relied on using a monetary-financial
DSGE model, calibrated to match the US economy in the pre-crisis period, and extended to add
features related to CBDC, as a laboratory that allows us to study the issues that are most
relevant for policy, including the efficiency gains and stabilisation effects of CBDC. The model
also clarifies the open empirical questions that need to be answered to make quantitative
estimates of the effects of CBDC more reliable.

Our model should be familiar to central bankers and academics, because it starts from a canonical
New Keynesian monetary model with nominal and real frictions. There are however two
departures from the standard model.

The first is that it incorporates the financing through money creation (FMC) banking model of
Jakab and Kumhof (2015), where monetary bank deposits are created by the extension of loans.
A realistic model of banks is essential for the exercise performed in this paper, because of the key
role of banks as providers of the monetary transaction medium that would compete with CBDC
in the real world. A critical ingredient in the FMC framework is the existence of private-sector
demand functions for monetary transactions balances, with the supply of monetary transactions
balances prior to the introduction of CBDC, in the form of bank deposits, determined by
commercial banks. These demand functions for monetary transaction balances can ignore central
bank money other than CBDC because, during normal economic times, central bank reserves are
endogenous and are, in any event, not held by the non-bank private sector, and because cash is a
very small and non-constitutive part of the financial system.

The second departure from the standard model is the incorporation of the minimal structure
necessary to accommodate interest-bearing CBDC into our model. This amounts to the
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reintroduction of central bank-issued money into the money demand function, but with the
difference that this money can (unlike reserves) be held by the non-bank private sector, that it is
(unlike cash) interest-bearing, and that it competes with endogenously created private
bank-issued money. Many critical questions concerning CBDC are therefore related to the
functional form and calibration of the joint demand function for CBDC and bank deposits.

Using this model, we find that a system of CBDC offers a number of clear macroeconomic
advantages, with few obvious large costs. The advantages that we identify in this paper include
large steady state output gains of almost 3% for an injection of CBDC equal to 30% of GDP, and
sizeable gains in the effectiveness of systematic or discretionary countercyclical monetary policy,
particularly if a sizeable share of shocks is to private credit creation or to the demand for
monetary transaction balances, and if the substitutability between CBDC and bank deposits in
transaction technologies is low. Our analysis suggests that the only conditions needed to secure
these gains are that a sufficiently large stock of CBDC is issued in steady state, and that the
issuance mechanism for CBDC ensures that the central bank only trades CBDC against
government debt instruments.

In addition to these results, we also find that the theoretical and empirical gaps in our knowledge
concerning CBDC have become much clearer. We are hopeful that filling these gaps will form
part of a multi-pronged research agenda across central banks, covering economic theory, empirical
work, and a research program on the technological aspects of distributed ledgers that are relevant
to CBDC.

Important theoretical questions include the following: What are the welfare properties of
alternative CBDC policy rules, including their interaction with traditional monetary policy rules,
with macroprudential policy rules, and with fiscal policy rules? Should CBDC policy rules also
react to financial variables, rather than simply to inflation as in this paper? What are the
advantages and disadvantages of introducing CBDC into the economy through spending (on
goods/services and/or transfers), lending (directly or via the banking system), or the purchase of
financial assets, including not only government bonds but also other financial assets? Which of
these would best safeguard financial stability? How might the issuance of CBDC interact with the
unwinding of Quantitative Easing? What could be the impact of CBDC on international liquidity
and exchange rate dynamics? How might the introduction of CBDC affect the likelihood of a
bank run when bank deposits carry default risk, or the dynamics of a run if one were to occur?

In order to more reliably answer many of these questions, we need better answers to four
empirical questions. We use the remainder of the conclusions to summarise these.

The first empirical question concerns the appropriate calibration of the main sources of demand
for bank liabilities. In our model, we split the overall demand into demands related to the scale
variables consumption, investment, working capital and asset holdings. The question is whether
data on different holders of bank liabilities could allow us to better identify the relative sizes of
these different demands.

The second empirical question concerns the interest semi-elasticity of the demand for bank
deposits. Estimates for this have been produced in the past, but most often for narrower
monetary aggregates rather than for the very broad aggregates that are relevant for CBDC
according to our model. The model also suggests that it is important to know how this elasticity
varies over different holders of bank deposits. These questions could be answered using currently
available data and techniques.
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The third empirical question concerns the interest semi-elasticity of the demand for CBDC
relative to bank deposits, and therefore, by implication, the elasticity of substitution between
CBDC and bank deposits in household and firm portfolios of monetary transaction balances. Our
discussion in Section V.C alluded to how one might attempt to answer this question.

The fourth empirical question concerns the appropriate calibration of the steady state spread
between the interest rate paid on CBDC and that paid on bank deposits. This spread, which
currently does not exist and therefore cannot be quantified using historical data, will be
influenced by many different factors, including differences in perceived risk relative to bank
deposits, differences in the convenience of use, and differences in operating costs due to differences
in underlying technologies.

All of the foregoing represents essential building blocks in a research agenda that puts monetary
quantity aggregates, and therefore financial sector balance sheets, back at the centre of
macroeconomic analysis, with obvious relevance also to financial stability issues. We are hopeful
that there will be a broad collaborative effort to study these questions.
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Table 1. Directly Calibrated Parameters

Description Calibration Parameter Parameter

Target Value

Real Growth Rate 2% p.a. x 1.005

Inflation Rate 3% p.a. π̄p 1.00753

FI Population Share 5% ω 0.05

TA Cost Resource Cost Share 25% r 0.25

Consumption Habit v 0.7

Labor Supply Elasticity η 1

Investment Adjustment Cost φI 2.5

Price Adjustment Cost φp 200

Wage Adjustment Cost φw 200

Steady State Price Mark-up 10% µp 1.1

Steady State Wage Mark-up 10% µw 1.1

Policy Rate Smoothing mi 0.7

Policy Rate Inflation Feedback mπ 2.0

Fiscal Output Gap Feedback dgdp 0.34 (0.5 in Fig.1)

Basel MCAR 8% Υ 0.08

Risk Weight, Consumer Loans 75% ζc 0.75

Risk Weight, Mortgage Loans 50% ζa 0.50

Risk Weight, WCAP Loans 100% ζy 1.00

Risk Weight, Investment Loans 90% ζk 0.90

Financial Collateral Coefficients 100% κcf , κaf , κyf , κkf 1.0

Loan Adjustment Costs ϕc, ϕa, ϕy, ϕk 0.00001

Table 2. Calibrated Steady State Moments and Implied Parameters: Real Variables

Description Calibration Parameter Pre-CBDC Post-CBDC

Target Value Value

National Accounts Ratios

Labor Income Share 61% α 0.330 0.329

Investment/GDP 19% ∆ 0.0270 0.0271

Government Spending/GDP 18% sg 0.18 0.18

Fiscal Accounts Ratios

Government Financing/GDP 80% gdrat or gdxrat 3.9712 3.9712

Labor Income Taxes/GDP 17.6% τ̄L 0.3174 0.3174

Capital Income Taxes/GDP 3.2% τ̄k 0.2492 0.2510

Consumption Taxes/GDP 4.6% τ̄ c 0.0730 0.0730

Lump-Sum Taxes/All Taxes 33.3% trf/gdp 0.1928 0.1982

Elasticity of Real Risk-Free Rate w.r.t. Gov.Debt/GDP

Elasticity Ξ 2 bp per pp φb 0.00005 0.00005

Normalisations

FI/HH Consumption 1:1 ι 0.9629 0.9466

FI Labor Supply 1 ψh 0.5798 0.5836

Price of Land 1 ψa 0.0491 0.0470
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Table 3. Calibrated Steady State Moments and Implied Parameters: Financial Variables

Description Calibration Parameter Pre-CBDC Post-CBDC

Target Value Value

Bank Balance Sheets

Capital Conservation Buffer 2.5% δb 0.0573 0.0573

Borrower Balance Sheets

Investment Loans Leverage 100% ψf 0.0114 0.0109

Mortgage Loans Leverage 200% a 8.754 8.677

Consumer Loans/GDP 20% κcr 0.8786 0.7289

Mortgage Loans/GDP 60% κar 1.1687 1.1724

WCAP Loans/GDP 20% κyr 0.3490 0.3398

Investment Loans/GDP 80% κkr 0.5241 0.5104

Consumer Deposits/GDP 50% Ac 0.2425 0.7183

Real Estate Deposits/GDP 10% Aa 0.0003 0.0004

Producer Deposits/GDP 10% Ay 0.0052 0.0148

Investment Deposits/GDP 30% Ak 1.0264 1.8652

Real Interest Rates

Real Policy Interest Rate 3.00% p.a. βu 0.9975 0.9960

Real Deposit Interest Rate 2.00% p.a. βc 0.9869 0.9873

Wholesale Spread over Deposit Rate 1.50% p.a. χ 0.0117 0.0117

Retail Spread, Consumer Loans 5.00% p.a. σc 0.6327 0.6396

Retail Spread, Mortgage Loans 2.00% p.a. σa 0.3116 0.3159

Retail Spread, WCAP Loans 3.00% p.a. σy 0.3112 0.3152

Retail Spread, Investment Loans 1.50% p.a. σk 0.0996 0.1015

Interest Semi-Elasticities of Deposit Demand

εdu 250 ϑ 2.7182 2.4994

εdc 5 Bc 0.0161 0.0253

εda 5 Ba 0.0187 0.0206

εdy 5 By 0.0145 0.0256

εdk 5 Bk 0.0176 0.0224

Failure Rates

MCAR Violation Rate, Banks 2.5% p.q. σb 0.0129 0.0129

Bankruptcy Rate, Consumer Loans 4.0% p.q. ξc 0.0585 0.0563

Bankruptcy Rate, Mortgage Loans 2.5% p.q. ξa 0.0486 0.0472

Bankruptcy Rate, WCAP Loans 3.0% p.q. ξy 0.0322 0.0308

Bankruptcy Rate, Investment Loans 1.5% p.q. ξk 0.0199 0.0192
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Table 4. Calibrated Steady State Moments and Implied Parameters: CBDC Variables

Description Calibration Parameter Parameter

Target Value

CBDC/GDP 30% mrat 30

CBDC Quantity Rule, Inflation Feedback various mπp various

CBDC Price Rule, Inflation Feedback various imπp various

Policy Rate minus CBDC Rate 0.80% p.a. T fintec 1.153

LGF Exponent, Separable LGF θ 0.95

LGF EoS, CES LGF ǫ 2.0

Consumer CBDC/GDP 19.31% γc 0.3244

Real Estate CBDC/GDP 0.66% γa 0.0894

WCAP CBDC/GDP 4.00% γy 0.3314

Investment CBDC/GDP 6.03% γk 0.2104

Table 5. Steady State Output Gains of Transition to CBDC

Distortionary Taxes Lump-Sum Taxes

Ξ = 0.02 2.94% 1.43%

Ξ = 0 0.72% -0.04%
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Figure 1. Transition to New Steady State with CBDC at 30 Percent of GDP
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Figure 2. Quantity versus Price Rules for CBDC - Credit Cyle Shocks
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Figure 3. Quantity versus Price Rules for CBDC - Higher Demand for Total Liquidity
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Figure 4. Quantity versus Price Rules for CBDC - Higher Demand for CBDC Liquidity

-0.1

0.0

0.1

-0.1

0.0

0.1

-4 0 4 8 12 16 20 24 28 32

GDP
(% Difference)

-0.05

0.00

0.05

-0.05

0.00

0.05

-4 0 4 8 12 16 20 24 28 32

Consumption
(% Difference)

-0.5

0.0

0.5

-0.5

0.0

0.5

-4 0 4 8 12 16 20 24 28 32

Investment
(% Difference)

2.95

3.00

2.95

3.00

-4 0 4 8 12 16 20 24 28 32

Real Policy Rate
(Level p.a.)

1.98

2.00

2.02

2.04

1.98

2.00

2.02

2.04

-4 0 4 8 12 16 20 24 28 32

Real Deposit Rate
(Level p.a.)

0.4

0.6

0.8

1.0

1.2

0.4

0.6

0.8

1.0

1.2

-4 0 4 8 12 16 20 24 28 32

Real CBDC Rate
(Level p.a.)

3.92

3.94

3.96

3.98

3.92

3.94

3.96

3.98

-4 0 4 8 12 16 20 24 28 32

Average Real Wholesale Lending Rate
(Level p.a.)

5.20

5.25

5.20

5.25

-4 0 4 8 12 16 20 24 28 32

Average Real Retail Lending Rate
(Level p.a.)

1.8

2.0

2.2

2.4

2.6

1.8

2.0

2.2

2.4

2.6

-4 0 4 8 12 16 20 24 28 32

Spread: Policy Rate minus CBDC Rate
(Level p.a.)

0.00

0.05

0.10

0.15

0.00

0.05

0.10

0.15

-4 0 4 8 12 16 20 24 28 32

Inflation Rate
(pp Difference)

-0.2

0.0

0.2

-0.2

0.0

0.2

-4 0 4 8 12 16 20 24 28 32

Average Liquidity Tax
(pp Difference)

-0.2

0.0

0.2

-0.2

0.0

0.2

-4 0 4 8 12 16 20 24 28 32

Bank Loans/GDP
(pp Difference)

-8

-6

-4

-2

0

-8

-6

-4

-2

0

-4 0 4 8 12 16 20 24 28 32

Privately Held Gov. Debt/GDP
(pp Difference)

0

2

4

6

0

2

4

6

-4 0 4 8 12 16 20 24 28 32

CBDC/GDP
(pp Difference)

-0.2

0.0

0.2

-0.2

0.0

0.2

-4 0 4 8 12 16 20 24 28 32

Bank Deposits/GDP
(pp Difference)

-0.2

-0.1

0.0

-0.2

-0.1

0.0

-4 0 4 8 12 16 20 24 28 32

Gov. Interest Payments/GDP
(pp Difference)

-0.3

-0.2

-0.1

0.0

-0.3

-0.2

-0.1

0.0

-4 0 4 8 12 16 20 24 28 32

Tax Revenue/GDP
(pp Difference)

-0.05

0.00

0.05

-0.05

0.00

0.05

-4 0 4 8 12 16 20 24 28 32

Government Deficit/GDP
(pp Difference)

-0.02

0.00

0.02

0.04

-0.02

0.00

0.02

0.04

-4 0 4 8 12 16 20 24 28 32

Production Liquidity Tax
(pp Difference)

-0.2

0.0

0.2

-0.2

0.0

0.2

-4 0 4 8 12 16 20 24 28 32

Investment Liquidity Tax
(pp Difference)

0.0

0.2

0.0

0.2

-4 0 4 8 12 16 20 24 28 32

Consumption Liquidity Tax
(pp Difference)

Solid Line = Quantity Rule (fixed mrat), Dotted Line = Price Rule (fixed spread i− im)

77

 

 

 
Staff Working Paper No. 605 July 2016 

 



Figure 5. Low EoS versus High EoS - Quantity Rule for CBDC - Credit Cycle Shocks
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Figure 6. Low EoS - Quantity versus Price Rules - Higher Demand for Total Liquidity
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Figure 7. Countercyclical CBDC Quantity Rules - Credit Cycle Shocks
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Figure 8. Countercyclical CBDC Price Rules - Credit Cycle Shocks
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Figure 9. Countercyclical CBDC Price Rules - Credit Cycle Shocks - Policy Rate Corridor
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Solid Line = Policy Rate, Dotted Line = Policy Rate minus Fixed Spread, Dashed Line = CBDC Rate
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Figure 10. Countercyclical CBDC Price Rules - Lower Investment Demand
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Figure 11. Countercyclical CBDC Price Rules - Higher Demand for Total Liquidity
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Solid Line = Baseline (imπp = 0), Dashed Line = Intermediate (imπp = 0.4), Dotted Line = Aggressive (imπp = 0.8)
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Figure 12. Countercyclical CBDC Quantity Rules - Higher Demand for Total Liquidity
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Solid Line = Baseline (mπp = 0), Dashed Line = Intermediate (mπp = 4), Dotted Line = Aggressive (mπp = 8)
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Figure 13. Low EoS - Countercyclical CBDC Price Rules - Higher Demand for Total Liquidity
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Solid Line = Baseline (imπp = 0), Dashed Line = Intermediate (imπp = 0.4), Dotted Line = Aggressive (imπp = 0.8)

86

 

 

 
Staff Working Paper No. 605 July 2016 

 



Figure 14. Low EoS - Countercyclical CBDC Quantity Rules - Higher Demand for Total Liquidity

-1.0

-0.5

0.0

-1.0

-0.5

0.0

-4 0 4 8 12 16 20 24 28 32

GDP
(% Difference)

-0.6

-0.4

-0.2

0.0

-0.6

-0.4

-0.2

0.0

-4 0 4 8 12 16 20 24 28 32

Consumption
(% Difference)

-4

-3

-2

-1

0

-4

-3

-2

-1

0

-4 0 4 8 12 16 20 24 28 32

Investment
(% Difference)

2.6

2.8

3.0

2.6

2.8

3.0

-4 0 4 8 12 16 20 24 28 32

Real Policy Rate
(Level p.a.)

1.6

1.8

2.0

1.6

1.8

2.0

-4 0 4 8 12 16 20 24 28 32

Real Deposit Rate
(Level p.a.)

-2

0

2

-2

0

2

-4 0 4 8 12 16 20 24 28 32

Real CBDC Rate
(Level p.a.)

3.5

4.0

4.5

3.5

4.0

4.5

-4 0 4 8 12 16 20 24 28 32

Average Real Wholesale Lending Rate
(Level p.a.)

5.0

5.5

6.0

6.5

5.0

5.5

6.0

6.5

-4 0 4 8 12 16 20 24 28 32

Average Real Retail Lending Rate
(Level p.a.)

0

2

4

0

2

4

-4 0 4 8 12 16 20 24 28 32

Spread: Policy Rate minus CBDC Rate
(Level p.a.)

-0.4

-0.2

0.0

-0.4

-0.2

0.0

-4 0 4 8 12 16 20 24 28 32

Inflation Rate
(pp Difference)

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

-4 0 4 8 12 16 20 24 28 32

Average Liquidity Tax
(pp Difference)

0

5

10

0

5

10

-4 0 4 8 12 16 20 24 28 32

Bank Loans/GDP
(pp Difference)

-2

0

2

-2

0

2

-4 0 4 8 12 16 20 24 28 32

Privately Held Gov. Debt/GDP
(pp Difference)

0

1

2

3

4

0

1

2

3

4

-4 0 4 8 12 16 20 24 28 32

CBDC/GDP
(pp Difference)

0

5

10

0

5

10

-4 0 4 8 12 16 20 24 28 32

Bank Deposits/GDP
(pp Difference)

-1.0

-0.5

0.0

-1.0

-0.5

0.0

-4 0 4 8 12 16 20 24 28 32

Gov. Interest Payments/GDP
(pp Difference)

-1.5

-1.0

-0.5

0.0

-1.5

-1.0

-0.5

0.0

-4 0 4 8 12 16 20 24 28 32

Tax Revenue/GDP
(pp Difference)

0.0

0.1

0.2

0.3

0.4

0.0

0.1

0.2

0.3

0.4

-4 0 4 8 12 16 20 24 28 32

Government Deficit/GDP
(pp Difference)

0.0

0.2

0.4

0.0

0.2

0.4

-4 0 4 8 12 16 20 24 28 32

Production Liquidity Tax
(pp Difference)

0

1

2

0

1

2

-4 0 4 8 12 16 20 24 28 32

Investment Liquidity Tax
(pp Difference)

0.0

0.5

1.0

1.5

2.0

0.0

0.5

1.0

1.5

2.0

-4 0 4 8 12 16 20 24 28 32

Consumption Liquidity Tax
(pp Difference)

Solid Line = Baseline (mπp = 0), Dashed Line = Intermediate (mπp = 4), Dotted Line = Aggressive (mπp = 8)

87

 

 

 
Staff Working Paper No. 605 July 2016 

 



Figure 15. CBDC-Based Discretionary Stimulus in Response to a Credit Risk Shock
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Solid Line = Baseline (no stimulus), Dashed Line = Intermediate Stimulus, Dotted Line = Aggressive Stimulus
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Figure 16. Low EoS - CBDC-Based Discretionary Stimulus in Response to a Credit Risk Shock
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Figure 17. Distortionary Taxes - Countercyclical CBDC Quantity Rules - Credit Cycle Shocks

-3

-2

-1

0

-3

-2

-1

0

-4 0 4 8 12 16 20 24 28 32

GDP
(% Difference)

-2

-1

0

-2

-1

0

-4 0 4 8 12 16 20 24 28 32

Consumption
(% Difference)

0

5

0

5

-4 0 4 8 12 16 20 24 28 32

Investment
(% Difference)

2

3

4

5

2

3

4

5

-4 0 4 8 12 16 20 24 28 32

Real Policy Rate
(Level p.a.)

1

2

3

4

1

2

3

4

-4 0 4 8 12 16 20 24 28 32

Real Deposit Rate
(Level p.a.)

0

1

2

3

4

0

1

2

3

4

-4 0 4 8 12 16 20 24 28 32

Real CBDC Rate
(Level p.a.)

4

6

8

4

6

8

-4 0 4 8 12 16 20 24 28 32

Average Real Wholesale Lending Rate
(Level p.a.)

6

8

10

6

8

10

-4 0 4 8 12 16 20 24 28 32

Average Real Retail Lending Rate
(Level p.a.)

1

2

3

1

2

3

-4 0 4 8 12 16 20 24 28 32

Spread: Policy Rate minus CBDC Rate
(Level p.a.)

-1

0

1

2

-1

0

1

2

-4 0 4 8 12 16 20 24 28 32

Inflation Rate
(pp Difference)

-2

0

2

-2

0

2

-4 0 4 8 12 16 20 24 28 32

Average Liquidity Tax
(pp Difference)

0

10

20

0

10

20

-4 0 4 8 12 16 20 24 28 32

Bank Loans/GDP
(pp Difference)

-10

-5

0

5

10

-10

-5

0

5

10

-4 0 4 8 12 16 20 24 28 32

Privately Held Gov. Debt/GDP
(pp Difference)

-10

0

10

-10

0

10

-4 0 4 8 12 16 20 24 28 32

CBDC/GDP
(pp Difference)

0

5

10

15

20

0

5

10

15

20

-4 0 4 8 12 16 20 24 28 32

Bank Deposits/GDP
(pp Difference)

0

2

0

2

-4 0 4 8 12 16 20 24 28 32

Gov. Interest Payments/GDP
(pp Difference)

-1

0

1

-1

0

1

-4 0 4 8 12 16 20 24 28 32

Labor Tax Rate
(pp Difference)

-5

0

-5

0

-4 0 4 8 12 16 20 24 28 32

Government Spending
(% Difference)

-0.2

0.0

0.2

0.4

-0.2

0.0

0.2

0.4

-4 0 4 8 12 16 20 24 28 32

Production Liquidity Tax
(pp Difference)

-2

0

2

4

-2

0

2

4

-4 0 4 8 12 16 20 24 28 32

Investment Liquidity Tax
(pp Difference)

-2

0

2

-2

0

2

-4 0 4 8 12 16 20 24 28 32

Consumption Liquidity Tax
(pp Difference)

Solid Line = Baseline (mπp = 0), Dashed Line = Intermediate (mπp = 4), Dotted Line = Aggressive (mπp = 8)

90

 

 

 
Staff Working Paper No. 605 July 2016 

 



 

 

 

3 月 24 日央行理監事會後記者會參考資料 

 

 

 

 

 

 

 

中央銀行 

105.3.24 

 



I 

 

前  言 

本行之法定職責為維持物價穩定與金融穩定，並協助促進經濟成長。為執行貨幣政策，本行綜合考量

國內外經濟金融情勢，妥適運用政策工具，以達成經營目標。 

隨數位科技快速發展，國內金融創新及電子支付工具日新月異，提供消費者更多元且便利之金融服務。

本行並已建構完善之支付清算系統，確保金融支付順暢運作。針對發展數位通貨議題，各國央行均審慎處

理，目前未有任何國家發行電子貨幣。本行一向支持民間支付創新，並注意保障消費者權益；未來仍將持

續關注發行數位通貨對物價穩定、支付系統、金融穩定，以及貨幣政策執行的影響。爰撰文簡介我國電子

支付機制及國際間對數位通貨的看法。 

此外，本年 1 月日本採行負利率政策，3 月歐元區再度擴大負利率政策，並將提高 QE 規模，以期激

勵疲弱的景氣。採行負利率政策工具的作用、負利率政策在各國實施的成效及可能引發的負面衝擊，備受

各界關注。負利率是非傳統的貨幣政策工具，大國實施負利率政策不僅會干擾全球金融市場，也會對小國

經濟產生外溢效應，宜深入探討。 

至於台灣應否採行通膨目標，牽涉到最適貨幣政策架構問題，特就貨幣目標化機制(monetary targeting)

與通膨目標化機制(inflation targeting)作一比較，供各界參考。 

兹彙整國內外研究資料，提供分析說明，希望有助增進社會大眾對上述議題的認識與瞭解。 
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一、我國電子支付機制之發展－兼論央行對數位通貨之看法 

(一)貨幣型態分類(圖 1) 

1. 貨幣的演進由實體形式朝向電子形式發展(附錄 1) 

(1)實體形式：從商品貨幣發展至中央銀行發行之鈔券及硬幣。 

(2)電子形式： 

－存放中央銀行存款的中央銀行貨幣(central bank money)與存放商業銀行存款的商業銀行貨幣(commercial bank 

money)，均可作為電子支付系統1之清算資產2。 

－電子貨幣(electronic money 或稱 e-money )等支付工具。 

2. 商業銀行貨幣與電子貨幣，均以法償貨幣為計價單位 

 

 

 

                                                 
1
 電子支付系統(electronic payments system)係指以電子方式處理金融機構間或民間資金移轉交易之系統。 

2
 清算資產係指系統參加者存放在清算機構的款項，藉由參加者間款項的移轉，跨行收付得以完成。以中央銀行為清算機構並存放在中央銀行之款項為「中央
銀行貨幣」；存放在商業銀行者為「商業銀行貨幣」。因此，中央銀行貨幣與商業銀行貨幣均可作為清算資產。參考資料來源：Committee on Payments and Market 

Infrastructures (2003), “The Role of Central Bank Money in Payment Systems,” BIS Publication, Aug.。 

實體形式貨幣 電子形式貨幣 

商品貨幣 
－珠子 
－貝殼 
－金幣 
－銀幣 

中央銀行發行之現金 
－鈔券 
－硬幣 

中央銀行貨幣 商業銀行貨幣 電子貨幣 

存放中央銀行存款 存放商業銀行存款 
卡片形式 

(如：悠遊卡) 
網路形式 

(如：第三方支
付儲值帳戶) 

以法償貨幣計價 

清算資產 

圖 1 貨幣型態分類 

參考資料：BIS Committee on Payments and Market Infrastructures (2015), “Digital Currencies,” BIS Publication, Nov.。 
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3. 支付工具與支付系統 

(1)民間零售小額交易除以現金、電子貨幣為支付工具外，亦可使用其他支付工具(如支票、信用卡、金融卡等)；而大

額之金融交易及企業交易等可經由支付系統完成支付清算。 

(2)支付系統所處理之電子資金移轉或小額支付工具交易，均須透過中央銀行貨幣或商業銀行貨幣完成清算(圖 2)。 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
* 中央銀行貨幣：指央行發行之現金及存放央行準備金帳戶或清算帳戶之款項，可用以清算金融機構間跨行支付交易。 

** 商業銀行貨幣：指存放於商業銀行之活期性存款，可用以清算金融機構間及民間支付交易。 
*** 央行同資系統：詳見本報告第(二)節第 2 項。 

  

支付工具 

 

電子貨幣 

如：儲值卡、第三方支付帳戶 

其他支付工具 

如：支票、信用卡、金融卡 

支付系統 
 

中央銀行大額支付系統 

  如：美國：Fedwire 

    歐盟：Target2 

    日本：BOJ-NET 

    台灣：央行同資系統***
 

 

透過 

中央銀行貨幣* 

或 

商業銀行貨幣** 

清算 

圖 2 支付工具、支付系統與中央銀行貨幣、商業銀行貨幣之關聯 
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4. 因應數位科技發展，新興的數位通貨包括電子貨幣及虛擬通貨(圖 3) 

(1)電子貨幣3之發行，須經主管機關許可，以法償貨幣計價，可廣泛流通使用。 

(2)虛擬通貨4目前多由私人發行，以自訂計價單位(非法償貨幣)衡量，迄今未被普遍接受、流通量少。依法律及經

濟觀點，虛擬通貨並非貨幣(詳本報告第(三)節)。 

  

 

 

 

                                                 
3
 電子貨幣係指以電子載具(如晶片卡、電腦及手機等)儲存法償貨幣價值，透過電子方式發動或傳輸交易資料，用以替代實體現金完成款項支付。可參考 BIS 

(1996), “Implications for Central Banks of the Development of Electronic Money,” BIS Publication, Oct.。 
4
 虛擬通貨非由中央銀行、存款機構及電子支付機構所發行，係屬 P2P 網路之去中心化系統，以數位形式表示其價值之虛擬商品。 

數位通貨 

(Digital Currency) 

電子貨幣 

(E-money) 
以數位形式儲存價值， 

並以法償貨幣為計價單位 

卡片形式 

例如：悠遊卡 

網路形式 

例如：第三方支付儲值帳戶 

虛擬通貨 

(Virtual Currency) 
以數位形式儲存價值， 

並以非法償貨幣為計價單位 

 

有中介發行機構 

例如：亞馬遜幣 

(Amazon Coin) 

 

去中心化 

例如：比特幣 

(Bitcoin) 

註：去中心化係指 P2P(Peer to Peer)直接交易機制，不同於傳統需透過中介機構或中央機構處理交易之作業模式。 

資料來源：自行整理，並參考 IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3。 

圖 3 數位通貨分類 
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(二)我國電子貨幣及電子支付多元且蓬勃發展 

1. 我國已建構完善的電子支付清算體系，確保大額支付之安全與效率，並促進小額支付的多元發展，包括多種支

付工具的流通使用(表 1)。 

 
 

支付性質 交易類別 處理方式 

大額支付
5
 (1)金融機構間資金移轉 

(2)同業拆款 

(3)外匯交易 

(4)準備金調整 

(5)債、票券等有價證券交割價款 

(6)企業大額匯款 

(1)各銀行透過央行同資系統的帳戶進行資金

移轉 

(2)以中央銀行貨幣為清算資產 

小額支付 (1)民眾匯款 

(2)ATM 金融卡提款轉帳 

(3)信用卡消費扣款 

(4)電子票證(如悠遊卡等)儲值消費 

(5)票據款項收付等 

(1)主要經由財金系統6處理，透過央行專戶清

算 

(2)跨行交易以中央銀行貨幣為清算資產；銀

行內部往來交易則以商業銀行貨幣為清算

資產 

                                                 
5
 大額支付係指金融市場交易，相對於一般零售支付金額而言，數額相當大，因此國際慣稱為 wholesale payment 或 large-value payment；小額支付則稱為 retail 

payment 或 small-value payment。 
6
 財金公司所營運之跨行通匯、ATM 提款轉帳、全國繳稅繳費及金融卡消費扣款等系統。 

表 1 我國電子支付性質、類別及處理方式 
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2. 我國完善電子支付清算體系，確保金融支付系統順暢運作 

(1)運作架構(圖 4)： 

 

  

中央銀行  

 央行同資系統* 

1995 年 5 月建置 

財金公司 
跨行匯款及 ATM 提款、

轉帳系統 
(1995 年 5 月)** 

中央登錄債券系統 

(2008 年 4 月)** 

集保結算所 

票券結算系統 

(2004 年 3 月)** 

票據交換所 

票據交換結算系統 

(1995 年 5 月)** 

櫃買中心 

債券等殖成交系統 

(2007 年 7 月)** 

證交所 

證券劃撥結算系統 

(2007 年 7 月)** 

聯合信用卡中心 

信用卡結算系統 

(2013 年 11 月)** 

財金公司 

外幣結算平台 

(2014 年 2 月)** 

 

金融支付系統樞紐 

圖 4 我國支付清算體系架構 

* 央行同資系統係央行建置之電子清算系統，於 2002 年 9 月全面採行即時總額清算機制(Real-Time Gross Settlement, 

RTGS)，以控管大額清算風險。當參加單位帳戶有足夠餘額時，系統才會清算其所發送之支付指令；因此，可避免不

足額扣付之支付指令進入系統清算程序，影響系統正常運作。 

** 括號內表示納入央行同資系統之時間。 
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(2)架構說明： 

－為便利金融機構間進行資金調撥、準備金部位調整及同業拆款交易，本行於 1995 年建立央行同業資金調撥清算

作業系統(簡稱同資系統)，係全國金融支付系統樞紐。 

－2002 年，依據國際準則7，同資系統全面採行即時總額清算機制(RTGS)，以降低大額清算風險。 

－為促進整體金融支付系統運作之安全與效率，本行以同資系統為主幹，建構如下： 

 1995年，串接票據交換系統及跨行通匯、ATM提款轉帳等系統，提供電子化清算服務，確保大眾票據收

付、匯款、ATM提款轉帳及金融卡消費扣款順利執行。 

 自2004年起，陸續連結國內票券、債券、股票之結算交割系統，提供款券同步交割(DVP)
8，有效消除系

統性風險。 

 2013年連結聯合信用卡中心，提供跨行信用卡款項之清算服務，提升清算效率。 

 2014年連結外幣結算平台9，提供新台幣與美元、人民幣、日圓及歐元四種外幣間換匯交易之即時交割

PVP
10服務，消除外匯交割風險，並提供其他功能如次： 

  國際債券 DVP 服務。 

  境內及跨境之外幣匯款。其中，境內與兩岸之美元、人民幣匯款，無須再繞道第三地轉匯，不僅縮短

到匯時間，並可減少匯費，自業務開辦至 2016 年 2 月止，為民眾節省費用超過新台幣 15 億元。 

                                                 
7
 係指國際清算銀行(BIS)與國際證券管理組織(IOSCO)共同發布之金融市場基礎設施準則。 

8
 DVP(Delivery Versus Payment)為國際證券市場所採行之款券同步交割機制，確保交付券項(或款項)的一方，一定收到款項(或券項)，有效防範違約交割風險。 

9
 本行於 2013 年規劃由財金公司建立符合國際規格之外幣結算平台，將境內及跨境(包括兩岸)之所有外幣交易納入該平台處理。迄今已可處理美元、人民幣、
日圓及歐元四種幣別匯款交易，並提供外幣債券之款券同步交割服務，且與國際保管機構 Euroclear、Clearstream 及大陸、日本、歐元區之清算系統連結，
形成一緊密的國際清算網絡，對國內金融機構拓展國際業務有所助益。 

10
 PVP(Payment Versus Payment)係指兩種幣別款兌款同步收付，為國際控管外匯交割風險之機制。以美元及新台幣換匯交易為例，PVP 機制可確保支付美元(或
新台幣)的一方，一定收到新台幣(或美元)，不會發生違約交割風險。 
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3. 經由電子支付清算體系所處理之多元支付工具，主要如下框所列示： 
 

    (1)透過銀行帳戶所進行之電子資金移轉 

    (2)提供消費扣款之信用卡、金融卡及銀聯卡 

  (3)具有儲值、消費功能之電子貨幣 

 

(1)透過銀行帳戶所進行之電子資金移轉金額龐大，主要是經由本行及財金系統處理，2015 年營運金額分別為 524

兆元(圖 5)及 135 兆元11
(圖 6)。 

 

    

  

                                                 
11

 僅計跨行支付交易，銀行內部往來交易未列計。 
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圖5 央行同資系統營運金額 

121 

117 

122 

131 

135 

105

110

115

120

125

130

135

140

2011 2012 2013 2014 2015

新台幣兆元 圖 6 財金跨行系統營運金額 

資料來源：中央銀行業務局、財金公司 
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(2)國內金融支付服務相當普及(表 2)，其中信用卡、金融卡等電子支付工具供一般大眾使用，2015 年消費總額達

3 兆元，其中信用卡約占 7 成。 

 

 

 

 

  

                                                 
12

 ATM 提供提款、轉帳、繳費、繳稅、餘額查詢、預借現金及存款等多種功能，廣布在銀行、便利商店、捷運、車站、機場等據點。 

項目 總數 平均數 

金融機構分支機構 6,251 家  每家分行服務 3,759 人 

 每平方公里設置 0.17 家 

ATM
12台數 27,329 台  每台 ATM 服務 860 人 

 每平方公里設置 0.76 台 

金融卡流通卡數 9,178 萬卡 每人約有 3.91 張金融卡 

信用卡流通卡數 3,855 萬卡 每人約有 1.64 張信用卡** 

電子票證流通卡數 7,024 萬卡 每人約有 2.99 張電子票證 

*金融機構分支機構統計至 2015 年 12 月資料，ATM 台數統計至 2016 年 2 月資料，其餘皆至 2016 年 1 月資料。 

**若剔除未滿 20 歲不得申請信用卡之人口數，則平均每人約有 2.11 張信用卡。 

資料來源：金管會、經濟部、內政部、流通快訊 

 

 

 

表 2 現行我國金融支付概況* 
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(3)由於電子資金移轉及信用卡、金融卡等支付工具早就蓬勃發展，致使用悠遊卡等電子貨幣消費金額之比率偏低

(圖 7)。電子貨幣除悠遊卡等電子票證外，亦包括現經主管機關核准開辦之第三方支付儲值帳戶，未來仍有成

長空間。  

－電子票證以非銀行業發展為主13，包括悠遊卡、愛金卡、一卡通及遠鑫 HappyCash 卡。悠遊卡占 8 成以上(圖 8)。 

－經金管會許可經營之第三方支付服務業者，計有 21 家兼營機構14及 4 家專營機構15
(尚在籌備期間或開辦初期)。 

 

    

  

                                                 
13

 銀行業儲值總額僅 0.6 億元。 
14

 根據 2016 年 3 月 22 日立法院「準備迎接無現金社會」公聽會金管會書面資料，兼營機構包括銀行及中華郵政。 
15

 目前 4 家專營機構為歐付寶、樂點行動支付、智付寶及國際連。 

信用卡 

68.29% 

金融卡 

22.10% 

銀聯卡 

7.48% 

電子票證 

2.13% 

愛金卡 

10.50% 

一卡通 

4.55% 

遠鑫 

0.18% 悠遊卡 

84.77% 

資料來源：金管會、財金公司 

圖 8 2015 年各類電子票證消費金額比率 

 

圖7 2015年各類卡式電子支付工具消費金額比率 

(含悠遊卡等電子票證) 
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4. 整體而言，國內經由支付清算體系所處理之多元電子支付服務，包括電子資金移轉、信用卡、金融卡、銀聯卡

及電子貨幣等，合計 2015 年日均交易金額達 2.65 兆元，全年超過 662 兆元(表 3)，為同年 GDP 的 39 倍，顯

示我國電子支付服務相當便利普及。 

 

 

 

  

電子支付工具類別 2015 年日均交易/消費金額 2015 年全年交易/消費金額 

電子資金移轉 2.64 兆元 659 兆元* 

信用卡、金融卡、銀聯卡 82 億元 3 兆元 

電子貨幣** 2.58 億元 646 億元 

合計 2.65 兆元 662 兆元 

*包括央行同資系統 524 兆元與財金跨行系統 135 兆元。 

**包括悠遊卡、愛金卡、一卡通及遠鑫HappyCash 卡。 

 

表 3 電子支付工具消費金額統計 
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5. 國內各類電子支付服務之監理 

國內各類電子支付服務均已納入金融監理，並有明確規範(表 4)，其中亦涵蓋民間(包括銀行業及非銀行業)

所發行的電子貨幣及其他各類支付工具。 

 

項目 適用法規 規範目的或主要內容 

央行同資系統 中央銀行同業資金電子化調撥

清算業務管理要點 

(1)降低大額清算風險 

(2)確保資訊安全 

(3)提升運作效率 

財金公司跨行通匯、

ATM 等系統 

適用銀行法相關規定 

(主管機關：金管會) 

(1)確保資訊安全 

(2)遵守防制洗錢規定 

(3)保障消費者權益 金融卡 

信用卡 

儲

值

卡 

銀行發行 電子票證發行管理條例 

(主管機關：金管會) 

(1)確保資訊安全 

(2)遵守防制洗錢規定 

(3)保障消費者權益： 

用戶儲值餘額須交付銀行信託，其中餘額

超過 50 億元者，須依央行規定先提存準備

金，扣除準備金後之餘額再交付信託 

(4)儲值限額 

①電子票證：1 萬元 

②第三方支付儲值帳戶：5 萬元 

非銀行發行 

(例如悠遊卡) 

第三方支付及提供

O2O
16行動支付服務 

電子支付機構管理條例 

(主管機關：金管會) 

                                                 
16

 O2O(Online to Offline)：整合線上(虛擬)與線下(實體)之服務。 

電
子
貨
幣 

表 4 各類電子支付之法規適用 
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6. 電子支付對國內經濟的貢獻： 

(1)電子支付的發展，可提供消費者更多元金融服務、便利消費，並可減少地下經濟規模。 

(2)依據 Moody’s Analytics(2016)報告： 

－2011 至 2015 年間，我國電子支付卡(包括信用卡、金融卡及儲值卡等)在消費的使用，為經濟貢獻 18.7 億美

元(新台幣 614 億元17
)，年均之 GDP 增加 0.09%(圖 9)，就業機會增加近 1 萬個。 

－該報告共統計 72 個國家有關電子支付卡對 GDP 貢獻度之資料，其中台灣與香港並列第 16 名。 

(3)我國除電子支付卡外，尚有其他多種電子支付方式(如通匯、ATM 轉帳及電子資金移轉等)，顯示在政府、相關

主管機關、金融機構及結算機構的長期努力下，我國已發展多元、便捷、穩健之電子支付服務，對於協助經濟

成長，具有相當貢獻。 

 

   

                                                 
17

 以 2016 年 3 月 15 日匯率計算。 
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丹麥 美國 英國 新加坡 台灣 香港 德國 瑞士 挪威 南韓 日本 法國 瑞典 

年均GDP增加比率 

% 

圖 9 電子支付卡對 GDP 貢獻度 
(2011~2015 年) 

資料來源：Moody's Analytics (2016), “The Impact of Electronic Payments on Economic Growth” 
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(三)虛擬通貨發展與各國監管態度 

1. 虛擬通貨的分類(詳下頁圖 10) 

(1)虛擬通貨目前是由私人開發者所發行，其概念涵蓋範圍廣泛，包括：①簡單借據(IOUs)，例如網際網路或行動通

訊優惠券和航空里程數；②資產擔保的虛擬通貨，例如以黃金擔保18；③加密貨幣(cryptocurrency)，例如比特幣等。 

(2)虛擬通貨以數位形式表示其價值，與以法償貨幣計價的電子貨幣(e-money)不同；虛擬通貨係以非法償貨幣計價，

有自訂的計價單位。 

(3)以非法償貨幣計價的虛擬通貨又分為封閉式與開放式兩種體系： 

－封閉式：係屬不可轉換的虛擬通貨，在一個獨立的虛擬環境中單獨操作，對法償貨幣(或其他虛擬通貨)或虛擬領

域以外之商品與服務間的兌換有顯著限制，例如遊戲幣。 

－開放式：係屬可轉換的虛擬通貨，允許虛擬通貨對法償貨幣(或其他虛擬通貨)或實體商品與服務間的兌換19，與

真實經濟體間的聯繫程度遠大於封閉式體系。 

(4)開放式的虛擬通貨又分為有中央機構運作的中心化系統(如 WebMoney)，以及無中央機構運作的去中心化系統。其

中去中心化系統使用加密技術者，稱為加密貨幣(如比特幣、瑞波幣及萊特幣等)，具有下列特性： 

－以數位表示的價值，可在參與者間(P2P)相互轉移。 

－透過分散式總帳系統(distributed ledger system)進行支付及清算。 

  

                                                 
18

 此種類型的虛擬通貨係由實體的有形資產或國家貨幣與發行者的可靠信用作為擔保。 
19

 在可轉換性的單向流動和雙向流動間有所區別，前者指的是可以法償貨幣(或其他虛擬通貨)兌換虛擬通貨，但不能轉換回法償貨幣(或其他虛擬通貨)，其兌
換為單向式(例如，任天堂點數和一些飛行常客計畫的航空里程數)，而後者的兌換為雙向流動(例如，比特幣和 Linden 幣)，詳 ECB(2012)。 
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以法償貨幣計價

(e-money) 

不可轉換 

(遊戲幣) 

中心化 

(WebMoney) 

數以百計的加密貨幣(比特幣、

瑞波幣、萊特幣) 

以數位形式表示之價值 

不以法償貨幣計價 

可轉換為真實世界商

品、服務或貨幣 

無中央發行機構 

採用加密技術驗證 

去中心化 

可轉換 

虛擬通貨 

數位通貨 

 
加密貨幣 

資料來源：IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3。 

 

圖 10 虛擬通貨的分類 
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(5)傳統中心化系統與虛擬通貨去中心化系統之比較： 
 

傳統有中央機構控管之支付系統交易流程 應用區塊鏈技術去中心化作業之支付系統交易流程 

 A 銀行按 A1 的指示，將款項從 A1 的帳戶中扣除 

 中央銀行將款項由A銀行的清算帳戶移轉給 B銀
行 

 中央銀行集中驗證、記錄跨行交易並保管帳冊，
以避免重複支出及假交易 

 B 銀行將款項記入 B1 的帳戶 

 A、B 銀行分別維護其內部對 A1 或 B1 客戶的交
易帳冊 

 「信任機制」建立在做為中介之 A 銀行、B 銀行
及具有公信力之中央銀行 

 交易帳冊複製多本，分別存放在網路上多台電腦中，
供人查閱 

 網路上多個節點(node)提供其電腦運算資源，以驗證
A 轉讓款項給 B 之真實性 

 驗證結果若公認交易屬實且帳戶足額，便會執行交易
將款項由 A 帳戶移轉給 B 帳戶，並依據結果更新各個
帳冊 

 「信任機制」建立在難以竄改之帳冊，因更改任一筆
紀錄會牽動整套帳冊，各節點上的帳冊也要一併更
改，實務上較不可行 

  如圖所示，此系統

中，帳冊係散布在

網路上多處地方，

由大家共同維護，

故稱之為分散式總

帳系統(distributed 

ledger system)  

資料來源：IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3。 
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2. 目前全球虛擬通貨種類超過 650 種20，總市值約 82 億美元，其中比特幣約占所有虛擬通貨市值之 77%。目前

比特幣每單位報價約 400 美元(圖 11)，流通量 1,500 多萬單位，交易幣別以人民幣為主，約占 94%(圖 12)。 

                       

                                                                        

 

 

  

                                                 
20

 根據 CoinMarketCap 於 2016 年 3 月 17 日的統計資料。 

資料來源：Bitcoin charts 網站(2016.3.17) 資料來源：Bitcoin charts 網站(2016.3.17) 

圖 12 比特幣近 30日交易幣別比重 

其他貨幣：歐元、加幣、星幣、澳幣、盧比、
日圓、英鎊、紐幣、波蘭幣、港幣 

2013/11/29飆漲至歷
史高點 1,242 美元 

2013/12/5 中國大陸禁
止比特幣業務，當日
價格應聲下跌 

2014/2/20 Mt. Gox 爆出
安全性問題，比特幣價
格暴跌 

2014/2/28 Mt. 
Gox 聲請破產 

2015/1/4 Bitstamp 遭
駭暫停交易，至 1/9
重啟交易 

中國大陸市場炒作 

圖 11 比特幣最近交易情形 

人民幣 

94% 

美元 

5% 

其他 

1% 

 
 

美元 
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3. 雖然虛擬通貨可在實體經濟中局部交易，然從法律及經濟觀點來看，仍非貨幣21
 

(1)就法律觀點而言： 

－法償貨幣，係由具專屬發行權之政府機關(如中央銀行)發行之鈔券與硬幣，並在國家法律架構下，賦予債務清償

之效力。 

－惟虛擬通貨，並非由官方發行，亦不具法償效力，故就法律觀點而言，並非貨幣。 

(2)就經濟觀點而言： 

－法償貨幣，應有被普遍作為交易媒介、計價單位及價值儲藏的三項基本功能。 

－惟虛擬通貨，少有證據顯示其被當作計價的單位，且因其規模通常較小，加上使用範圍有限，非屬普遍接受的

交易媒介。復因其價格波動大，不適作為價值儲藏的工具，故就經濟觀點而言，其貨幣功能不完整且受限。 

4. 虛擬通貨發展之挑戰 

(1)虛擬通貨難以監管：其匿名性與網路跨國流通特性，增加監管複雜度；且無中心管理機構，難以針對特定對象

進行規範。 

(2)有礙洗錢防制與資助恐怖主義疑慮：虛擬通貨的不透明性，可隱藏或偽裝資金來源或目的，從而有利於洗錢、

資助恐怖分子和逃避制裁。 

(3)消費者保護議題：包括系統本身癱瘓、交易平台惡意倒閉22、網路盜竊或駭客攻擊23，以及錯誤交易無法修正

等風險，對消費者缺乏相關保障機制。 

                                                 
21

 IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3。 
22

 東京比特幣交易所(Mt. Gox)於 2014 年 2 月倒閉；香港比特幣交易平台(Mycoin)於 2015 年 1 月倒閉；2014~2015 年間美國數家比特幣業者倒閉；中國大陸關
閉或倒閉之比特幣平台有十餘家。 

23
 國內 YES-BTC、BTCEXTW 2 家平台，因發生駭客攻擊、比特幣遭竊事件，已於 2015 年 1 月間宣布關閉。 
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(4)稅務問題：虛擬通貨除可能被利用作為逃漏稅工具外，各國對其如何課稅，作法不一。 

(5)外匯管制與資金移動管理問題：目前各國外匯管制體系對虛擬通貨系統的適用性並不明確，因此透過虛擬通貨

跨國交易以規避資本管制之潛在可能性極高。 

5. 各國監管態度 

整體而言，虛擬通貨對經濟的影響，現階段仍微不足道，對央行執行貨幣政策及維持金融穩定政策任務尚無

影響，對金融體系亦無顯著風險。近年主要監管重點：①消費者保護、②納入洗錢防制與打擊資助恐怖主義監管、

③課稅等議題，事涉消費者保護單位、法務部門及稅務單位之職掌(詳下頁表 5)。例如： 

(1)多數國家發布警告聲明，虛擬通貨乃屬高度投機之虛擬數位商品，提醒消費者注意相關風險。 

(2)玻利維亞、俄羅斯等國家則直接禁止虛擬通貨之流通。 

(3)加拿大、英國、美國等則就防制洗錢、稅務及消費者保護等議題，提供法規解釋，納入既有法規架構。 
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24

 AML/CFT (Anti-Money Laundering/Combating the Financing of Terrorism)：防制洗錢及打擊資助恐怖主義。 

國家 

AML/CFT
24
： 

適用(或修正)現行法規或 

提出警示 

稅務處理 對消費者警示 
經營虛擬通貨交易平

台須經特許或註冊 

對金融業警示或禁

止其從事虛擬通貨

業務 

禁止發行或

使用 

阿根廷 
警示可能涉及洗錢及 

資助恐怖分子風險 
 警示  

對申報個體 

提出警示 
 

玻利維亞 
 

 
    禁止 

加拿大 修訂現行法規 課稅 諮詢    

中國大陸 
 

 
   禁止  

法國 適用現行法規 課稅 警示    

德國 適用現行法規      

義大利   警示  警示  

日本 擬提出新法規  警示 擬提出新法規   

俄羅斯 適用現行法規  警示   
禁止 

(已提草案) 

新加坡 擬提出新法規 課稅 警示    

南非   警示    

英國 適用現行法規 課稅     

美國* 適用現行法規(聯邦法) 課稅(聯邦稅) 警示 
州政府許可制 

(如紐約 BitLicense) 
  

* 美國商品期貨交易委員會(CFTC)已將比特幣等虛擬貨幣正式歸類為大宗商品，虛擬貨幣選擇權交易與原油或小麥等衍生性商品交易一樣，須受 CFTC 的監管。 

資料來源：IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3。 

 

表 5 各國政府對虛擬通貨之監管態度 
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6. 虛擬通貨及其去中心化機制對中央銀行之意涵 

2009 年以來，類如比特幣等虛擬通貨紛紛出現，其去中心化的支付機制，近期受到廣泛注意，主要國家中央

銀行及國際機構亦持續關注其對金融市場的影響： 

(1) ECB 曾於 2012 年 10 月提出「Virtual Currency Schemes」報告，鑑於比特幣的持續發展，ECB 復於 2015 年 2

月再度就虛擬通貨之相關議題，如定義之重新檢討，對物價穩定、支付系統穩定及審慎監理等，發布進一步的

評估報告。ECB 認為虛擬通貨不是真正貨幣，目前使用率低且與實體經濟連結度低，不會對其貨幣政策操作

帶來重大風險，但會持續關注其發展(附錄 2)。 

(2)BIS(2015)及 IMF(2016)亦分別就虛擬通貨對支付系統、金融穩定、貨幣政策、外匯與資本管制等可能影響提出

報告(附錄 3)，其看法與 ECB(2015)類似。 

(3)比特幣等虛擬通貨之區塊鏈(blockchain)技術亦引起國際金融市場關注，希望藉此提高交易、清算的效率及降

低成本。目前區塊鏈技術已朝向股票、債券、不動產等資產交易領域發展。 

－國際間 42 家大型金融機構(Barclays、HSBC、UBS、JP Morgan 等)加入新創公司「R3 CEV」技術聯盟，共同開

發區塊鏈技術標準。 

－高盛(Goldman Sachs)投入鉅資自行開發虛擬通貨「SETLcoin」，期能即時清算有價證券交易。 

－美國那斯達克(Nasdaq)股票交易所使用區塊鏈技術，建立「Nasdaq Linq」交易平台，提供未公開發行公司以數位

化方式記錄及管理其股票交易。 

(四)央行對數位通貨之看法 

如前所述，數位通貨包括電子貨幣與虛擬通貨。其中電子貨幣係以法償貨幣為計價單位，虛擬通貨則否。 
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1. 電子貨幣之議題 

(1)1996 年 BIS 發布電子貨幣報告書，曾建議央行考量發行電子貨幣作為一種政策選擇，以因應一旦社會廣泛使

用，可能衝擊中央銀行貨幣政策操作能力與鑄幣稅收入。 

－1980 年代後期，隨著電子科技的快速發展，以零售為主的電子貨幣交易機制應運而生。 

－由於民間發行的電子貨幣逐年發展，可能取代實體通貨的使用，因而成為各國央行關注的議題，包括： 

 由銀行體系或允許非銀行體系發行，此涉及金融創新與金融監理間之權衡問題。 

 替代通貨發行的程度，主要是涉及央行鑄幣稅及對貨幣政策擬定與執行之問題。 

 其中針對貨幣政策執行部分，須考量的重點有：①是否將民間機構發行的電子貨幣納入貨幣定義，②電子

貨幣是否影響貨幣之流通速度，進而影響貨幣總計數等問題，以免影響央行以貨幣總計數作為中間目標之

操作架構。 

(2)電子貨幣發展迄今，歷經三十多年，目前未有任何國家央行發行25，主因如次： 

－根據各國經驗，民間發展的電子貨幣仍無法普遍替代通貨的使用，不致影響貨幣流通速度及貨幣總計數，對

央行以貨幣總計數作為中間目標之操作方式影響不大。 

－鼓勵民間金融創新： 

 BIS、加拿大央行指出，央行發行電子貨幣除須考量專業技術外，亦應避免與民競爭。因央行若發行電子

貨幣，可能扼殺民間支付創新，不利支付多元化發展。 

 以芬蘭為例，芬蘭央行曾於1993年發行Avant第一代多用途儲值卡的電子貨幣系統，但因技術創新等問題，

以及考量民間已有多元電子支付工具(如國際組織之信用卡、金融卡等)流通，為避免與之競爭，於1995年

                                                 
25

 報載 2014 年 12 月厄瓜多央行發行電子貨幣，實際上是建立行動支付系統，民眾須存入美元，再透過手機支付或轉帳，央行並未直接發行電子貨幣。 
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將系統轉讓給由民間集資成立之Automatia公司。 

－由民間機構發行電子貨幣，較具市場經驗、技術能力及創新誘因。 

(3)本行立場：仍將持續協助民間電子貨幣及新興零售支付之健全發展，並注意消費者權益保障及法規遵循。 

－如本報告第(二)節所述，本行已建構支付系統基礎工程，完善國內支付清算體系，批發大額支付交易均經由

央行同資系統及財金系統中介，以電子化方式處理，日均交易金額高達 2.64 兆元。至於因應零售小額支付所

使用的電子支付工具(包括電子貨幣)亦已多元且蓬勃發展，其交易金額佔全體電子支付(包括大額支付)總額之

比率不高，對本行貨幣政策執行並無影響。 

－依據 Moody’s Analytics(2016)報告，2011 至 2015 年間，我國電子支付卡(信用卡、金融卡、悠遊卡等)在消費

的使用，為經濟貢獻 18.7 億美元，年均之 GDP 增加 0.09%，高於南韓、日本、德國、法國、瑞典等國。 

2. 虛擬通貨之議題 

(1)BIS(2015)指出，央行目前是否運用虛擬通貨之新興技術(如區塊鏈)，發行以法償貨幣計價之虛擬通貨，須通盤

考量如次： 

－其對支付系統有何影響、是否侵犯交易的隱私性、是否妨礙民間創新、對商業銀行存款之影響、鈔券虛擬化

後之金融穩定、貨幣政策的傳遞效果、技術上如何採行、新系統去中心化之程度，以及新系統將出現那些參

與者與如何規範管理等。 

－其中有關對商業銀行存款之影響部分，由於虛擬通貨採行 P2P 及分散式總帳機制，據 BoE 副總裁 Ben 

Broadbent 指出，央行若發行數位通貨26，民眾存款可能自商業銀行體系移至央行數位通貨系統，形成央行

數位通貨與商業銀行存款之競爭。一旦存款流失，將影響銀行放款能力，從而損害投資及經濟活動27。 

                                                 
26

 此處所稱的「數位通貨」，係指發行以法償貨幣計價之虛擬通貨。 
27

 Broadbent, Ben (2016), “Central Banks and Digital Currencies,” Speech at London School of Economics, Mar. 2。 
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(2)由於有上述議題待審慎處理，各國央行均未有具體發行虛擬貨幣計畫。某些國家央行已進行研究，本行亦已著

手研究。 

(3)我國虛擬通貨交易量少且使用率低，惟為提醒民眾注意風險，本行已於 2013 年 12 月 30 日與金管會共同發布

新聞稿，說明比特幣等虛擬通貨係屬高度投機之數位商品，呼籲投資人注意風險承擔問題。 

(4)目前虛擬通貨對我國支付系統、金融穩定及本行貨幣政策之執行，均無影響，本行仍將持續關注其後續發展。 

(5)為鼓勵新興支付，本行將持續擴充外幣結算平台功能28，並督促財金公司協助發展行動支付及第三方支付服務： 

－2014年，由財金公司、票交所及聯卡中心與銀行合作，建置符合國際規範之行動支付信任管理共用平台(TSM)，

2015 年底，增設雲端支付功能(HCE
29

)。 

－2016 年 6 月，財金公司配合銀行公會建置「電子支付服務平台」，提供境內及跨境第三方支付服務。特別在

跨境部分，藉由便利金流服務，提高境外買家網購國內商品意願，以擴大國內電子支付及電子商務市場規模。 

 

 

 

 

 

                                                 
28

 規劃增加外幣保單代收款項業務。 
29

 該 HCE(Host Card emulation)功能並提供代碼化(tokenization)服務，即以代碼(token)取代信用卡號，讓商店無法取得消費者信用卡資料，可避免卡片資料外洩
或被竊，以強化資訊安全的一種機制。 
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附錄 1 貨幣型態與支付機制的演進 

1. 在物物交換制度(barter system)下，合意的交易對象難尋，也缺乏價值儲藏的工具，且物品間交換比率過於複

雜，因此不利於專業、分工，帶來資源浪費、妨礙債權債務發展等問題，不利於長期經濟的發展。 

2. 貨幣(money)的出現，可彌補物物交換制度的缺點，因為貨幣扮演下列三大功能： 

(1)交換媒介(medium of exchange)：以大家共同同意的物品，充當財貨與服務交易的支付工具，可避免缺乏慾望雙

重一致性(double coincidence of wants)的問題。 

(2)價值標準(standard of value)：以大家共同同意的物品，充當共同的計價單位(unit of account)，可有效降低交換比

率過於複雜的問題。 

(3)價值儲藏(store of value)：收支時點不吻合時，可充當購買力的暫時存放所，以便未來交易使用。 

3. 貨幣與支付的型態，隨著時間的演變，不斷推陳出新。 

(1)實體的商品貨幣(commodity money) 

－早期的貨幣型態是商品貨幣，例如牛、羊、貝殼、煙草等，都曾被人類充當貨幣使用。這些商品貨幣雖可作為

共同的交換媒介，惟其供給不具相對稀少性，可能引發通貨膨脹的問題；該等商品貨幣亦無耐久性，故不具價

值儲藏的功能；此外，這些商品貨幣甚至很難分割，不方便交易使用。 

－之後，貨幣型態演變至受人類青睞的金屬鑄幣，如金、銀、銅等。金屬鑄幣具相對稀少性(可確保計價單位的穩

定)、耐久性(可供價值儲藏)與可分割性(便於交易)。 

(2)中央銀行貨幣與商業銀行貨幣 

－伴隨交易規模的不斷擴大，商品貨幣在交易過程中亦帶來輸送、貯存的不方便，以及帶來安全性的隱憂，此時
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乃有紙幣的出現；例如 16 世紀時，英國的金匠券(Goldsmith’s Note)就是早期的可兌換紙幣。 

－目前小額零售交易主要是透過中央銀行所發行的通貨(currency)－包括鈔券、硬幣，就可完成 P2P 交易。此外，

亦可利用支票(check)、信用卡(credit card)、轉帳卡(debit card)等支付工具，經由商業銀行貨幣(如支票存款、活期

性存款)來完成交易。 

－大額交易通常透過銀行同業間、銀行與中央銀行間的電子資金移轉系統(Electronic Funds Transfer System, EFTS)，

經由中央銀行貨幣(銀行在中央銀行的存款)完成最終的交易清算；1970 年代起，透過 EFTS 所完成的交易金額，

就是最早所稱的電子貨幣(electronic money)。 

 1782年，英國出現首張紙本支票；藉由金融市場基礎設施，移轉買方的支票存款餘額至賣方，完成交易。 

 1946年，美國出現首張信用卡；發行公司提供信用額度，提供持卡人先消費後付款的服務，甚至可使用循

環信用。 

 1967年，英國設置首部自動櫃員機(automated teller machine, ATM)；ATM除可供持卡人提領通貨外，尚可

提供持卡人以活期性存款轉帳的服務。 

 1978年，美國西雅圖第一國民銀行(First National Bank)發行首張轉帳卡；持卡人消費時，自動扣除本身的

活期性存款餘額，帳款直接轉入商家帳戶。 

 1980年代後期起，伴隨電子科技的快速發展，以零售為主的電子貨幣交易機制應運而生，它係指能儲值

(stored value)或預付(prepaid)的數位產品，消費者向電子貨幣的發行者支付傳統貨幣，就能透過中心化

(centralized)的清算機制完成交易。 

 2000年以來，行動支付興起，信用卡、轉帳卡、電子貨幣均可與行動裝置(例如手機)結合，以進行消費支

付、轉帳及儲值等交易；存放於行動裝置中的電子貨幣，即為一般所稱的行動貨幣(mobile money)。 

 2009年以來，類如比特幣等虛擬通貨紛紛出現，去中心化(decentralized)的支付機制，近期受到廣泛的注意。 
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附錄 2 歐洲中央銀行(ECB)對虛擬通貨發展的觀點 

1. 虛擬通貨近幾年來蓬勃發展，因此 ECB 繼 2012 年 10 月發布全球央行首份虛擬通貨評估報告後，於 2015 年 2

月再發布虛擬通貨的進一步評估報告，認為虛擬通貨不是真正的貨幣，不會對 ECB 的操作帶來重大風險，但

虛擬通貨深具發展潛力，ECB 將持續關注。 

2. 虛擬通貨種類繁多，惟接受度仍低，未達成長爆發點 

(1)2009 年比特幣問世，開啟了與現實生活連結的虛擬通貨新類型；近年來，虛擬通貨發展快速，全球目前已有

超過 650 種虛擬通貨，總市值約 82 億美元30，相較於歐元區狹義貨幣(M1)約 5 兆 5 千億歐元，虛擬通貨市值仍

顯渺小。 

 

 

 

 

 

 

  

                                                 
30

 ECB(2015)根據 CoinMarketCap 的統計資料時間點為 2015 年 2 月 12 日，當時虛擬通貨種類超過 500 種；若根據 CoinMarketCap 於 2016 年 3 月 14 日的統計
資料，虛擬通貨種類已超過 650 種，總市值為 82 億美元。 

何謂「比特幣」？ 

 「比特幣」係以一套編碼系統為基礎，透過複雜計算而產生，融合了貨幣與清算的概念；沒有與法償貨幣

(legal tender)掛勾，並利用分散式總帳(distributed ledger)，也就是利用區塊鏈(blockchain)的技術，讓比特幣

不需中央機構就可發行、清算。 

 比特幣概念係在 2008 年，由化名「中本聰」(Satoshi Nakamoto)的個人或組織所提出，隨後在 2009 年 1 月 3

日問世，開啟了虛擬通貨與現實生活的連結。 
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(2)以資料最齊全、最廣泛使用、占所有虛擬通貨市值比重高達 77%
31的比特幣為例，2014 年全球日均交易量約 6

萬 8 千筆，金額約 4 千萬歐元；相較之下，歐盟地區每日使用非現金零售支付系統所進行的交易，就有 2 億 7

千萬筆；與其他成熟的支付工具 Visa、Master Card 等相比，Visa 交易量為 2 億多筆，金額約 120 億歐元，比

特幣使用量明顯微不足道(詳圖 13、圖 14)。 

圖 13 比特幣與其他支付工具的日交易額 圖 14 比特幣與其他支付工具的日交易量 

  

  

                                                 
31

 ECB(2015)根據 CoinMarketCap 的統計資料時間點為 2015 年 2 月 12 日，當時比特幣占所有虛擬通貨市值比重為 80%；若根據 CoinMarketCap 於 2016 年 3

月 14 日的統計資料，比特幣占所有虛擬通貨市值比重則為 77%。 

Visa 
Master Card 
PayPal 
西聯匯款（Western Union） 
比特幣 

Visa 
Master Card 
PayPal 
西聯匯款（Western Union） 
比特幣 

（10億歐元） （千筆） 

資料來源：ECB(2015) 資料來源：同圖 13 
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圖 15 行動支付M-Pesa與比特幣的日交易量 

(3)比特幣發行已 5 年，交易量未達到成長爆發的轉折點。 

－ECB 指出，只要買賣雙方達成協議，就可選擇任何商品充當支付工具，但能不能廣泛使用，取決於是否有足

夠多商家與消費者使用該工具，達到成長爆發的轉折點，吸引更多商家與消費者加入，加速支付網路的運作。 

－在非洲肯亞運行成功、目前有 1/3 人口使用的行動支付 M-Pesa
32，在推行後的第 12 個月，日交易量就達到成

長轉折點，就此展開爆炸性成長；相較之下，比特幣發行迄今已 5 年，日交易量尚未達成長爆發的轉折點(詳

圖 15)。 

 

  

                                                 
32

 M-Pesa 係由英國 Vodafone 電信公司於肯亞子公司「狩獵通訊」(Safaricom)在 2007 年 3 月推出的行動支付產品。M 是行動(mobile)，Pesa 則是東非斯瓦希里
語「現金」。 

資料來源：同圖 13 
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3. 不論根據法律或經濟觀點，虛擬通貨皆不是貨幣 

(1)虛擬通貨未完全符合通貨(currency)三大功能，儘管不能排除未來可能出現更穩定、更被廣泛接受的虛擬通貨，

但就目前而言，虛擬通貨不是經濟上的貨幣。 

－根據經濟觀點，通貨須具備三大功能－交易媒介、價值儲藏及計價單位功能。 

－以最受歡迎與最常使用的虛擬通貨－比特幣，檢視它是否具備這三大功能： 

 交易媒介：比特幣在在廣大群眾中，已被少數人接受，具備有限度的交易媒介功能。 

 價值儲藏：匯價波動性高的缺點，難以具備價值儲藏功能。 

 計價單位：虛擬通貨未被普遍接受、匯價波動性高及導致其購買力波動性亦高，不適合充當計價單位。 

(2)就法律觀點而言，貨幣是能被廣泛用來交換價值的工具；「通貨」一詞，在法律概念上，須有「鑄造」形式，

目前一般係以硬幣及鈔券的形式呈現。因此，虛擬通貨既未被廣泛用來交換價值，亦不是法定貨幣，且缺乏鑄

造之形式，當然非屬貨幣。 

－虛擬通貨不同於一般所認知的通貨，它沒有實體的印鑄，僅具有電子、數位或虛擬的形式。目前，沒有任何

一個國家認定虛擬通貨為法定貨幣，亦不具有法償效力；虛擬通貨只是買賣雙方合意的契約貨幣(contractual 

money)，充當彼此間的支付工具。 

－在歐元區，只有歐元鈔券與硬幣才是法定貨幣，具備法償地位；銀行貨幣(bank money)或電子貨幣(electronic 

money)皆不具法償地位，但由於被廣泛地接受，成為支付工具選擇之一，因而被視為歐元的另一種形態。 

－虛擬通貨目前使用率仍低，制訂新法來規範虛擬通貨，尚屬過早；歐盟目前沒有針對虛擬通貨進行規範，ECB

也認為沒有必要擴大或修改歐盟的法律框架。 
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4. 虛擬通貨的重新定義與重新檢視對 ECB 職責的影響 

(1)過去未受管制的虛擬通貨，隨著媒體的爭相報導、民眾逐漸認識這些金融創新工具，吸引各國監管機關的目光；

各國政府紛紛將虛擬通貨納入監管範圍，加以虛擬通貨的發展狀態持續發生變化，ECB 認為有必要修正於 2012

年對虛擬通貨所下的定義： 

過去33
 現在 修正原因 

不受法令規範，由開發者

控制發行量，央行、金融

機構與清算機構等未涉其

中，且只被特定虛擬社群

所接受與使用的數位通貨 

非由央行、存款機構及電

子支付機構所發行，而是

透過數位的型態來表示其

價值，並在某些情況下可

作為貨幣的替代品 

 不具貨幣特性：虛擬通貨迄今仍屬流動性低的資產，且

未具備被廣泛接受的貨幣特性 

 不再不受規範：近幾年來，若干國家已開始規範虛擬通

貨領域 

 不侷限特定虛擬社群：避免對虛擬通貨接受度的誤解，

拿掉只被特定虛擬社群接受的字眼 

(2)ECB 認為，虛擬通貨目前與實體經濟連結度低，不會影響 ECB 維持物價穩定、金融穩定與支付系統平穩運作的

職責；不過，虛擬通貨深具潛力，歐元體系央行與 ECB 將持續關注虛擬通貨在支付系統的發展。 

－ECB 指出，虛擬通貨能否成功，取決於改良版的虛擬通貨是否能成功改善消費者使用的環境、解決技術缺陷

及價格波動度高的缺點。若干虛擬通貨新創公司可能立基於 P2P 支付體系或帶動其他公司，提供創新的支付

解決方案，將可逐漸改善虛擬通貨環境。 

－倘若虛擬通貨廣泛地被使用，進而影響到歐元的交換媒介與計價單位的地位，屆時或將對 ECB 的操作產生

重大影響；因此，歐元體系央行與 ECB 將持續關注虛擬通貨在支付系統的發展，以及評估其被廣泛接受的

可能性，來決定介入時點(詳下頁表 6)。 

                                                 
33

 ECB (2012), “Virtual Currency Schemes,” ECB Publication, Oct.。 
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ECB 或歐元體系

央行職責 
虛擬通貨現況 虛擬通貨發展的觀察重點 

物價穩定 低發行量、低使用率，不危及物價穩定 虛擬通貨的發行量及與實體經濟的連結程度 

金融穩定 與實體經濟連結度低及被接受度低，不至

於影響歐元區的金融穩定 

①臨界條件 

 是否廣泛地被用在一般的支付系統 

 與實體經濟的連結程度，包括金融機構是否參與其中 

 是否發展出更穩定的結構 

②若達到上述條件，監管機關應採行措施 

 監管當局著眼於金融穩定，應對虛擬通貨祭出更直接的監管措施 

 且應與國際協調，俾統合監管措施，發揮最大效力 

支付系統穩定 使用量低，並未對支付系統造成風險 ①臨界條件 

 使用者與交易數量顯著增加 

②若達到上述條件的可能影響 

 倘若虛擬通貨發生重大事件，不僅影響虛擬通貨的支付體系 

 甚至可能外溢至傳統支付系統，並可能損害消費者對電子貨幣等

電子支付工具的信心 

審慎監理 若干歐元體系央行發布虛擬通貨警示公告

或進行監管 

持續監控金融機構參與虛擬通貨的程度，並評估這些風險 

避免被恐怖融資等

非法活動濫用 

可與傳統通貨兌換的虛擬通貨，由於範圍

觸及全球，匿名性高，且以網路為傳輸管

道，容易被非法活動濫用 

虛擬通貨發行者或相關服務提供者可能將公司基地設在不適用洗錢

防制/打擊資助恐怖主義(AML/CFT)地區，目前已有若干單位開始研

究此一議題 

表 6 ECB 或歐元體系央行職責及虛擬通貨發展的觀察重點 

資料來源：ECB (2015), “Virtual Currency Schemes - A Further Analysis,” ECB Publication, Feb.。 
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5. 目前不須修改法律框架，但將持續關注虛擬通貨的發展  

(1)ECB 報告總結指出，虛擬通貨一旦在歐元區被廣泛使用，或與實體經濟連結過深，將會對 ECB 的貨幣政策、

歐元區的物價穩定、金融穩定與支付系統運作造成影響。 

(2)目前，虛擬通貨並未達到成長爆發的轉折點，目前沒有必要為了虛擬通貨而修改歐盟的法律框架，ECB 將持

續關注虛擬通貨的發展。 
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附錄 3 虛擬通貨及去中心化支付機制對中央銀行之意涵－IMF 及 BIS 觀點 

目前虛擬通貨之交易量仍小，對金融穩定及貨幣政策影響不大，然未來若大規模地使用，並與金融機構連結

更加緊密，將使系統性金融風險升高。以下就國際貨幣基金(IMF)及國際清算銀行(BIS)近期發表之報告34，從理論

層面切入，分別摘述該等通貨被廣泛接受使用之前提下，其對金融體系帶來之風險及對央行之意涵。 

1. 對支付系統之影響 

央行在支付方面扮演之角色，包括營運或監管支付系統與金融市場基礎設施，以及推動支付系統之發展與創

新，故對促進支付系統之安全與效率責無旁貸。一般而言，支付系統之安全性與妥適之風險管理有關，本節將敘

述採去中心化、分散式記帳之虛擬通貨對零售支付帶來之影響。 

(1)消費者保護：虛擬通貨無內含價值，不與法定通貨連動，亦非任何人之負債。其價值主要來自使用者相信未來

可用以交換其他資產。這種預期可能受環境變遷之影響，而造成價值大幅波動。 

(2)詐欺風險：虛擬通貨大多設計成類似現金，具匿名性，並儲存於網路上。動用虛擬通貨，必須利用電子錢包中

存放之密碼，一旦密碼遺失、被竊或毀損，將全部損失，無法挽救。 

(3)營運風險：傳統零售支付系統風險通常由金融機構承擔，虛擬通貨則是由使用者直接面對。營運風險取決於系

統之設計，虛擬通貨將交易資料及帳戶餘額記錄在眾多電腦中，不若傳統零售支付系統將交易資料集中儲存於

值得信賴之金融機構。分散式系統雖可降低某些營運風險(如單一節點被攻擊不會影響整體運作)，然亦會衍生

出其他風險(如各節點之帳冊發生歧異)。 

(4)管理架構風險：在無中央控管下，支付機制之變更需等待使用者形成共識，決策過程耗時過久，將造成改善延

                                                 
34

 請參閱 IMF (2016), “Virtual Currencies and Beyond: Initial Considerations,” IMF Staff Discussion Notes, No. 16/3，以及 Committee on Payments and Market 

Infrastructures (2015), “Digital Currencies,” BIS Publication, Nov.。 
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宕，使系統暴露於營運或詐欺風險之下。另一方面，由於虛擬通貨開放原始碼，而能讓利害關係人基於自身利

益，協助改善系統運作協議。 

(5)法律風險：虛擬通貨交易類似現金，交易經過驗證通過即不可撤銷，倘若交易雙方之權利義務關係在法律上無

明確規範，當發生糾紛時，責任歸屬恐難釐清。即使可適用消費者保護機制，實際上卻可能窒礙難行。 

(6)清算風險：虛擬通貨類似現金，可快速甚至即時清算，無法拖延，表面上不應產生過多之流動性或信用風險。

然第三方服務平台可能須同時管理虛擬通貨與多種主權通貨之流動性風險，若不能有效管理，可能將清算風險

引入系統中。 

(7)淪為洗錢與犯罪工具風險：虛擬通貨之匿名性，使其具備成為洗錢與犯罪工具之誘因，惟實際效果則取決於交

易機制、第三方服務平台涉入程度、第三方是否遵循洗錢防制規範，以及虛擬通貨跨境交易轉換為主權通貨之

效率。 

2. 對金融穩定之影響 

(1)對金融市場基礎設施之影響：分散式記帳可能影響零售支付系統，促使交易、結算、清算作業朝向去中介化發

展，影響範圍可能擴大至零售支付系統以外之金融市場基礎設施，如大額支付系統、證券集中保管機構、證券

清算系統或交易資料保管機構。 

(2)對金融中介機構之影響：虛擬通貨及分散式記帳機制若被廣泛使用，將衝擊金融機構扮演中介者之角色，尤其

是銀行。銀行在金融中介之主要功能為代表存款人監督借款人，透過資金借貸，撮合借貸雙方資金供需之流動

性與期間。一旦廣泛使用虛擬通貨，去中心化之結果可能改變目前存款與貸款機制。 

(3)對央行因應金融危機之影響：全球金融危機再度顯示對金融機構提供緊急流動性之重要，目前虛擬通貨不具類

似央行最終貸款者之功能，即使虛擬通貨納入彈性供給規則，然在去中心化之架構下，虛擬通貨在遭遇金融危

機時，仍無法提供緊急流動性。 

(4)對個別持有者或使用者之影響：虛擬通貨交易平台遭受攻擊、破壞時有所聞，最著名之例子是日本比特幣交易
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平台(Mt. Gox)破產事件35，惟迄今並未牽連金融體系；持有虛擬通貨目的似為囤積居奇，日後若有突發事件動

搖信心，將導致拋售，加上虛擬通貨欠缺最終貸放者機制，將使情況惡化。此外，虛擬通貨係在網路上交易，

難保無安全漏洞，使用者亦面臨支付系統共有之風險，如操作、信用、流動性和法律風險。 

(5)其他影響：在極端情況下，某些虛擬通貨或區塊鏈交易機制可能快速發展至太過龐大，甚至太過複雜，一旦失

敗將難以善後，此肇因於使用複雜之加密技術、去除中央管理機構與跨境交易無地域限制等，且因匿名性及缺

乏管理監管架構，監控這類系統性風險將是一項重大挑戰。 

3. 對貨幣政策之影響 

(1)虛擬通貨對貨幣政策之影響，取決於對銀行準備金需求的替代效果(例如將銀行與支付系統之存款轉為虛擬通

貨)，以及主權通貨使用者與虛擬通貨使用者在經濟面與財務面之連結程度。倘若替代效果大、連結程度低，

則虛擬通貨可能使貨幣政策效果降低。惟目前私人發行之虛擬通貨使用率低，尚未引起此種疑慮。 

(2)虛擬通貨若廣為流通，將造成貨幣總計數界定之問題，因貨幣成長目標係央行擬定政策之重要依據，如衡量困

難將不利貨幣政策之執行。 

4. 對外匯與資本管制之影響 

(1)虛擬通貨具交易速度快、成本低及匿名等特性，能繞過銀行支付系統，有效地進行法定貨幣之跨境移轉，規避

外匯及資本管制。外匯管制是否適用於這些支付系統通常不明確，因此，頗有可能透過虛擬通貨交易方式規避

資本管制。相對於傳統支付系統之高成本及嚴格監管，虛擬通貨在網路上取得相當容易，使其更具吸引力。 

(2)使用虛擬通貨規避外匯及資本管制時有所聞，尤其在中國大陸、委內瑞拉、塞浦路斯及希臘等地。不同於購買

外幣須受外匯管制，市場參與者可先在網路上購買虛擬通貨，再用以進行網上外匯交易或移轉資本，規避管制。

兌換虛擬通貨可在場內直接交易或在場外透過代購商品方式完成。 
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 造成投資人損失計 5 億美元。 
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5. 中央銀行發行虛擬通貨之可行性 

(1) BIS(1996)報告36認為，假若電子貨幣被大眾廣泛採用，以致貨幣政策效果弱化、鑄幣稅收益減少，則央行或可

發行電子貨幣作為因應政策選項之一。分散式記帳技術之出現，央行作為中介機構之功能恐將減弱，在極端情

況下，某些功能甚至會消失。 

(2)央行是否運用虛擬通貨之新興技術(如區塊鏈)，發行以法償貨幣計價之虛擬通貨，將通盤考量如下：其對支付

系統有何影響、是否侵犯交易之隱私、是否妨礙民間創新、對商業銀行存款之影響、鈔券虛擬化後之金融穩定、

貨幣政策之傳遞效果、技術上如何採行、新系統去中心化之程度，以及新系統將出現哪些參與者與如何規範管

理等37。 

6. 結論 

(1)虛擬通貨及分散式記帳技術影響層面廣，除支付系統與服務外，還可能衝擊現有之商業模式與制度，重塑經濟

個體間之互動與連結關係。雖然虛擬通貨未必能經得起市場考驗而永遠不被淘汰，惟其背後之處理程序及分散

式記帳技術卻可能持續存留，並不斷朝向其他領域發展。 

(2)上述影響僅在虛擬通貨及分散式記帳被廣泛使用時，始可能成真。為此，各國央行似可探究分散式記帳在支付

系統或金融市場基礎設施之可能應用，以作為後續因應之政策選項。 

 

 

 

 

                                                 
36

 BIS (1996), “Implications for Central Banks of the Development of Electronic Money,” BIS Publication, Oct.。 
37

 BIS Committee on Payments and Market Infrastructures (2015), “Digital Currencies,” BIS Publication, Nov.。 
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二、主要國家負利率政策實施現況及其影響 

(一)實施負利率政策之意涵 

負利率屬非傳統貨幣政策工具之一(見圖 1)，目前使用此工具之央行可分為兩類：(1)大國央行(ECB、BoJ)在

QE 成效漸減下，轉而壓低政策利率至負值，以求提振經濟及推高通膨預期；(2)小國央行(瑞典、丹麥、瑞士)面

對鄰近大國(歐元區)寬鬆貨幣政策之外溢效果，為避免資本流入致本國匯率劇升，被迫採行負利率政策因應。 

1. 採行負利率政策工具之作用 

當央行對抗景氣不佳持續調降政策利率至零之際，若同時再面臨民眾通膨預期下滑，此時央行為求壓低實

質利率，以激勵實體經濟，將政策利率訂低於零利率底限(zero-lower bound)。 

(1)提振經濟並推高通膨預期：實施負利率政策之用意在於使銀行存在央行的超額準備金，甚至是民眾存在銀行的

存款，不但無法收到利息，反而必須支付保管費用，藉此提高銀行放款與民間消費、投資的意願。 

(2)抑制資本流入，減輕貨幣升值壓力：負利率政策壓低債券殖利率至零以下，可抑制國際資本流入，引導貨幣貶值。 

圖 1 先進國家央行採行傳統到非傳統貨幣政策之過程 

 

     

 

 

 

 

前瞻指引：如 2008 年 Fed 之門檻制或 2009 年加拿大央行
之日期制* 

非傳統工具 

 

傳統工具 

(持續經濟不振

與物價低迷) 
量化寬鬆：如 2008 年 Fed 之 LSAP、2013 年BoJ 之QQE 及

2015 年ECB 之APP** 
 

調降政策利率接近零 

負利率：如 2014 年ECB、2016 年BoJ 

*門檻制：視通膨或失業率是否達到設定門檻。日期制：指引未來升息可能時點。 

** LSAP、QQE 與 APP 分別為 Large-Scale Asset Purchases、Quantitative and Qualitative Easing 與 Asset Purchase 

Programme 之縮寫。 
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2. 目前主要國家負利率政策實施情況 

(1)ECB 開啟新一輪負利率政策 

ECB 於 2014 年 6 月 5 日採行負利率政策後，瑞典、丹麥與瑞士等國承受大量資本流入，當地貨幣面臨升

值壓力，故相繼推出負利率政策。本(2016)年 1 月 29 日 BoJ 亦出乎市場預期，推出負利率政策(見圖 2)。 

(2)現階段負利率政策之執行方式 

－目前央行實施負利率政策多屬是對銀行業者所存放於央行資金，非但不支付利息，反而收取保管費。 

－惟各國央行對前述存款如何適用負利率之規定不盡相同，視是否允許特定金額之超額準備(存款)可不適用負

利率而分為單層或多層制。部分央行選擇多層制負利率機制之目的，是為減輕銀行因負利率政策而承擔額外

成本，並預留未來政策操作空間(見表 1)。 

    圖 2 銀行業存放於央行之存款利率走勢                表 1 央行採行單/多層制負利率工具之差異 

                        

    資料來源：Bloomberg                                        資料來源：各國央行及本行自行整理 

*瑞典央行在 2015 年 2 月 12 日將公開市場操作之政策利率(Repo rate)亦降至負值，目前該行主要

係以公開市場操作吸收銀行多餘的流動性(此利率於 2016 年 2 月 11 日已降至-0.5%)。 

  指標利率 說  明 

單 

層 

歐元區 存款利率: -0.4% 法定準備金以外之存款皆適用-0.4% 

瑞典 存款利率: -1.25% 全部存款適用-1.25%* 

雙 

層 

瑞士 
活期存款利率: 0% 設有上限，額度內適用 0% 

存款利率: -0.75% 超過額度之部份適用-0.75% 

丹麥 
活期存款利率: 0% 各銀行在央行活期存款帳戶上限額度內適用 0% 

定期存款利率: -0.65% 超過在央行活期存款帳戶上限額度之存款適用-0.65% 

三 

層 
日本 

基礎餘額: 0.1% 2015 年 1~12 月超額準備之平均餘額適用 0.1% 

總體附加餘額: 0% 此部分適用 0%利率 

政策利率餘額: -0.1% 超過前兩層加總之存款適用-0.1% 
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(二)現階段負利率政策之成效 

目前主要國家央行在實施負利率政策後，該國貨幣對美元多呈貶值，符合小國央行(瑞典、丹麥、瑞士)採行

此一政策工具初衷(避免該國貨幣對歐元升值)；而大國央行(ECB、BoJ)原冀望能為實體經濟帶來正面作用，惟迄

今效果尚不明顯，尤其在通膨預期及銀行授信等層面，歐元區及日本仍未能顯現受政策效果所提振。 

1. 匯率走勢：日圓反呈升值，其餘各國貨幣則呈現貶值 

自 ECB 實施負利率政策至本年 3 月 14 日止，歐元對美元共貶值 18.63%。日圓對美元匯率於本年 BoJ 宣布

負利率政策當日，貶值 1.92%，之後因國際金融市場動盪，投資人避險情緒上升，日圓呈反向升值(見圖 3)。 

2. 股市變動：日股小幅下跌，其餘各國提振股市之效果亦不彰 

儘管寬鬆貨幣政策為風險性資產提供充沛資金，然歐、日基本面持續疲弱，且新興市場存在諸多不確定性，

負利率政策似未能有效激勵各國股市，僅丹麥股市自實施負利率迄今上漲 32%，表現較為突出(見圖 4)。 

圖 3 實施負利率政策後各國匯率之變動幅度         圖 4 實施負利率政策後各國股市之變動幅度 

        

        資料來源：Bloomberg                                                資料來源：Bloomberg 
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3. 通膨預期：各國多未能提振通膨預期 

(1)2014 年 6 月 ECB 執行負利率政策後，同年下半年 ECB 仍面臨通膨預期下滑及通膨率下跌(disinflation)之問題，

且通縮壓力依然沈重(見圖 5)。 

(2)日本因經濟疲弱，薪資水準亦未見成長，在缺乏基本面因素支撐之下，通膨預期依舊處於偏低水準。 

4. 銀行信貸成長：目前各國效果並不明顯 

(1)歐元區整體銀行授信雖於 2015年初轉為正成長，然成長速度仍偏緩慢(見圖 6)，雖銀行業對家計部門放款好轉，

但對非金融企業之授信仍未出現穩健之正成長趨勢。 

(2)日本銀行業者放款年增率亦維持於 2%至 3%之間，並未出現加速好轉跡象。 

  圖 5 實施負利率政策後歐、日通膨預期之變動幅度       圖 6 實施負利率政策後歐、日銀行授信之年增率 

  
  

 
資料來源：Bloomberg 資料來源：Bloomberg；通膨預期數值為 10 年期一般公債之

名目利率減同年期抗通膨公債之實質利率(即
breakeven rate)。 
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(三)負利率政策可能引發之負面衝擊 

前述央行實施負利率政策後，其國內企業投資與民間消費並未顯著增加，且銀行獲利空間受壓縮，不利其金

融中介功能。另欲以財富效果(wealth effect)提振經濟，除不利金融穩定外，易使各界忽略財政政策及結構性改革

的重要性。負利率政策可能引發的各項負面影響，簡要說明如下列各點。 

1. 負利率對促進投資成效有限，對消費者支出可能產生負面效果 

BIS 研究指出38，政策利率如降至負值，並維持在負值過久，消費者及企業機構的行為將出現高度不確定性。

歐債危機以來，ECB 各項政策已使銀行授信標準相當寬鬆39
(見圖 7)，但企業遲未增加貸款及投資，反映其投資不

振主要因經濟前景不確定所致；此外，負利率亦可能使民眾因儲蓄收益減少，消費態度反而轉趨保守(見圖 8)。 

             圖 7 歐、日銀行授信標準調查                     圖 8 歐、日消費者信心調查 

       
         資料來源：Bloomberg                                                 資料來源：Bloomberg 

                                                 
38

 BIS (2016), BIS Quarterly Review, Mar. 6。 
39

 2012 年 7 月 ECB 總裁 Draghi 表明「whatever it takes」以維繫歐元，此後 ECB 亦陸續推出各項重大措施以解決歐元區金融情勢緊俏之問題。歐元區銀行業
的授信標準自 2012 年以後即維持在相當寬鬆之水準，即使在 2014 年 6 月採行負利率政策以來，銀行的授信標準並未更加寬鬆。 
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2. QE 與負利率政策使全球負殖利率債券規模劇增，公債市場流動性降低，價格大幅波動 

(1)ECB 與 BoJ 接連擴大 QE 購買規模，導致公債市場供需失衡、債券交易流動性降低。 

以 BoJ 為例，本年 2 月底其持有約 33%日本公債40，而此一部分公債甚少於市場上交易。實施負利率政策，

恐使本地銀行業為避免其超額準備被央行收取利息，而不願出售所持有公債，致目前債市扭曲情況更為嚴重。 

(2)截至本年 3 月中，彭博資訊社所編製之已開發國家公債指數，負殖利率公債規模約 6.7 兆美元，占總額約 29%(見

圖 9)
41，顯示較多國家出現負殖利率公債情況外，負殖利率現象也延伸到中長年期公債(見表 2)。 

 圖 9 已開發國家公債指數之債券殖利率分布     表 2 主要經濟體公債出現負殖利率之年期(指標債部份)  

 

        資料來源：Bloomberg 

        

 

                                                 
40

 本行根據 BoJ 資料自行計算。 
41

 本行根據 Bloomberg 資料自行計算。 資料來源：Bloomberg 
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3. 弱化銀行中介功能，不利金融機構健全經營 

(1)負利率政策無法解決流動性過剩問題，卻會侵蝕銀行業獲利，反削弱其金融中介功能 

－QE 除造成央行資產負債表膨脹外(見圖 10)，所創造出之流動性最終仍回到銀行體系，致銀行超額準備大幅

增加。 

－表面上負利率政策似可迫使銀行業新增放款，但若企業貸款需求低，銀行業仍會面臨放款不易之窘境，且如

負利率所增成本難以轉嫁，將損及銀行獲利，不利其健全經營。 

－負利率政策實施迄今，歐、日銀行股股價表現遠遜於大盤(見圖 11)，不利銀行自資本市場籌資，對其創造信

用之功能，亦會帶來負面影響。 

   圖 10 ECB 及 BoJ 資產負債表規模對 GDP 比率           圖 11 歐、日銀行股股價相對大盤變動 

      
   資料來源：Bloomberg                                               說明：計算方法為銀行股股價與大盤指數分別指數化後相減。 

資料來源：Bloomberg 
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(2)仰賴固定收益之各類金融機構面臨經營環境惡化 

－由於長期利率水準持續遭到壓抑，殖利率曲線過度平坦(見圖 12)，除銀行外，其他金融機構營運亦受影響。 

－退休基金、壽險公司等機構投資人因必須大量持有債券，在替代資產類別有限的情況下，仍要持續買入負殖

利率債券，致投資收益率下滑，營運風險提高(見圖 13)。 

－近日日本多家貨幣儲備基金(money reserve funds)表示難以在負利率中創造穩定獲利，計劃將資金歸還給投資人42。 

(3)由於合理的存放款利差有利銀行營運，為提供金融中介之主要誘因。近期 BoJ 負利率政策已受各方質疑；同時，

ECB 亦意識到負利率政策對銀行業之可能傷害，而將政策重點轉向直接促進銀行授信並提供補助43。另為避免

貨幣儲備基金營運受衝擊，本年 3 月 15 日 BoJ 政策會議亦決定，將貨幣儲備基金排除在負利率政策之外44。 

        圖 12 德日兩國公債殖利率曲線變動               圖 13 退休基金營運赤字攀升 

    
        資料來源：Bloomberg                                              資料來源：Bloomberg  
                                                 
42

 Nikkei Asian Review (2016), “Japanese Money Market Funds to Close As Returns Prove Elusive,” Nikkei Asian Review, Mar. 8。 
43

 BoJ 總裁 Kuroda 除頻赴國會解釋負利率政策外，亦派官員至各銀行說明；首相安倍則宣稱其與 BoJ 實施負利率政策無關。ECB 總裁 Draghi 表示，根據歐元
區現況，ECB 無必要再度降息，並提出新一輪 TLTRO 降低銀行資金成本(利率將介於 0~ -0.4%)，增加銀行放款誘因。參見 Leika Kihara (2016), “Bank of Japan 
Scrambles to Find Positives in Negative Rates,” Reuters, Mar. 13 與 ECB (2016), “Introductory Statement to the Press Conference (with Q&A),” Mar. 10。 

44
 Bank of Japan (2016), “Statement on Monetary Policy,” Bank of Japan, Mar. 15。 
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4. 以財富效果帶動有效需求，成效非但不彰，反而會危及金融穩定 

(1)金融動盪風險提高 

－非傳統性貨幣政策(如 QE、負利率)主要透過資產價格上漲的財富效果傳遞，以期增加國內消費與投資；但在

有效需求不足下，此類政策對提振實質經濟之成效並不彰，惟可能增加資產價格泡沫化及金融動盪風險。 

－在市場利率過低，甚至出現負值下，投資人為尋求高報酬率，進而追逐較高風險之債券與股票，使資產價格

泡沫化隱憂浮現；同時，短線交易增加，價格波動程度擴大(見圖 14)，不利金融市場安定。 

(2)產生資產價格泡沫化風險 

－自 2014 年 7 月瑞典央行將存款利率降至負值以來，瑞典房價呈加速上揚，房貸餘額亦快速攀升(見圖 15)；

信評機構 Moody’s 近日指出，在採行負利率政策各國中，瑞典所面臨的資產價格泡沫化風險最高45。 

 圖 14 股市與債市波動度指數                        圖 15 瑞典房價指數與房貸餘額走勢  

          

資料來源：Bloomberg；VIX 與 MOVE 代表 S&P500 與美林公債指數之波動率。        資料來源：Bloomberg                          

                                                 
45

 Muehlbronner et al. (2016), “Negative Interest Rate Have Unintended Consequence, with Sweden Most at Risk of Asset Bubble,” Moody’s, Mar. 16。 



46 

 

5. 過度使用貨幣政策，以致忽略財政政策及結構性改革的重要性 

(1)貨幣政策寬鬆仍需搭配擴張性財政政策與結構性改革 

2008 年金融危機以來，先進國家高度仰賴非傳統寬鬆貨幣政策。然 BIS 示警46，各國應避免過度依靠債務

推動型之經濟增長模式，而應致力推行生產力升級與勞動力提高之財政政策與結構性改革。 

(2)財政乘數效果在經濟疲弱及低利率時期較大 

IMF 研究報告指出47，財政政策在景氣衰退階段的乘數效果，高於景氣擴張階段；若貨幣政策處於零利率

底限，則財政乘數效果更是可觀；對小型開放經濟體而言，當處在貨幣政策幾無餘裕空間的低利率時期，財政

政策的乘數效果會明顯放大，並為經濟處於正常時期的 2 倍(見表 3)。  

(3)極寬鬆貨幣政策未能解決結構性有效需求不足的問題 

採行負利率政策係加重貨幣政策負擔，以今日低實質利率借入明日需求；明日需求不足時，再繼續以借隔

日需求的方式來填補當日需求的不足。此種寅吃卯糧式的貨幣政策執行模式，將難以持續支撐經濟成長48。 

      表3 先進經濟體公共投資每增加GDP的1%對GDP成長率的影響49 

情境 
使GDP成長率增加(乘數效果) 

當年度 4年後 

一般情況(樣本平均) 0.4 1.5 

低成長時期 1.5 3.0 

                                                 
46

 BIS (2015) , BIS Annual Report, Jun. 28。 
47

 Baum, Anja, Marcos Poplawski-Ribeiro, and Anke Weber (2012), “Fiscal Multipliers and the State of the Economy,” IMF Working Paper, WP/12/286, Dec. 5; IMF 

(2012), World Economic Outlook, Oct.; Corsetti, Giancarlo and Gernot J. Müller (2015), “Fiscal Multipliers: Lessons from the Great Recession for Small Open 

Economies,” Report to the Swedish Fiscal Policy Council, Mar. 15。 
48

 Shirakawa, Masaaki, (2015), “Debate on Deflation and the Role of Nominal Anchor,” Mar. 30。 
49

 IMF 所指之先進經濟體，係包含台灣、南韓在內的 36 個國家；惟礙於資料限制，IMF 進行實證分析時僅包括 17 個 OECD 國家的資料。 

單位︰百分點 
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6. 大國負利率政策對小國經濟產生負面外溢效果 

(1)大國負利率政策使各界質疑有引發「貨幣戰爭」之虞 

大國採行負利率政策明顯造成資本外移及匯率變動，此對小型開放經濟體負面衝擊甚大。歐債危機以來，

瑞士央行為抑制國際資本流入、避免本國貨幣過度升值，曾設定歐元對瑞郎匯率之下限目標；然 ECB 持續調

降政策利率至負值以下，迫使其亦得採行負利率政策作為因應(見圖 16)。 

(2)小國採行負利率政策推高房價 

歐元區鄰近小國瑞典、丹麥及瑞士等因追隨 ECB 步伐實施負利率政策，不僅造成各國公債殖利率持續走

低外，特別以瑞士負殖利率情形最為嚴重，本年 2 月 29 日該國 10 年期公債殖利率創下近期低點-0.463%；當

地房價亦顯著上揚，其中以瑞典房價泡沫化問題最為嚴重(見圖 17)。 

        圖 16 歐元對瑞士法郎匯率                  圖 17 瑞典、丹麥及瑞士房價變動 

         
     資料來源：Bloomberg                                                  資料來源：Bloomberg 
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(四)結語 

1. 負利率政策目的在提振經濟並推高通膨預期，以及抑制資本流入，減輕貨幣升值壓力 

(1)主要國家 QE 政策之目的，在於提振消費及投資，並緩和通縮問題；惟因近年來經濟成長依舊緩慢且通膨預期

低落，企業放款亦未見成長，主要國家更進一步採行負利率政策，以提供額外的寬鬆貨幣環境。而實施負利率

政策亦會使國內債券殖利率下跌，甚至降為負值，此將抑制國際資本流入，引導貨幣貶值。 

(2)同屬歐洲國家的瑞典、丹麥及瑞士等小型經濟體，為因應 ECB 負利率政策所帶來的外溢衝擊，亦採行負利率

政策來減輕本國貨幣升值壓力。 

2. 負利率政策實施迄今，成效不彰 

負利率政策對實體經濟之激勵效果受各方質疑。以歐元區為例，銀行授信尚未見成長，而企業投資與民間消

費在負利率政策實施後亦未顯著增加；至於日本則剛採行此政策，未來能否促進銀行放款，效果尚待觀察。 

3. 負利率政策可能帶來多項負面衝擊 

(1)負利率對促進投資成效有限，對消費者支出可能產生負面效果。 

(2)QE 與負利率政策使全球負殖利率債券規模劇增，公債市場流動性降低，價格大幅波動。 

(3)弱化銀行中介功能，不利金融機構健全經營。 

(4)以財富效果帶動有效需求，成效非但不彰，反而會危及金融穩定。 

(5)過度使用貨幣政策，以致忽略財政政策及結構性改革的重要性。 

(6)大國負利率政策對小國經濟產生負面外溢效果。 
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三、貨幣目標化機制與通膨目標化機制簡介50 

 

 貨幣目標化機制 

(Monetary Targeting) 

通膨目標化機制 

(Inflation Targeting) 

主

要

特

徵 

 設立貨幣供給成長目標。 

 本行係以貨幣總計數 M2 為中間目標。 

 設立通膨率目標。 

 一般多以 CPI 為目標，通膨率目標通常為 2%
51。 

實

施

成

效 

 多年來，台灣的 M2 成長率與 CPI 年增率維持長

期穩定關係，且達成物價穩定的最終目標。 

 實務上，本行除貨幣總計數外，仍關注通膨預

期、利率走勢、信用狀況、資產價格及產出缺

口等重要的經濟金融指標；堪稱採「折衷的貨

幣目標化」(eclectic monetary targeting)機制。 

 達成物價穩定，但因忽略貨幣與信用成長，無法確保金

融穩定。 

 許多經濟學家認為，通膨目標化機制須為全球金融危機

負責。 

- 經濟學家主張，全球金融危機後，通膨目標化機制

須從只單純考慮實際通膨率，擴充至對總體經濟、

金融穩定等其他因子的回應，亦即應改採「彈性的

通膨目標化」(flexible inflation targeting)機制較理想。 

                                                 
50

 國際間常見的貨幣政策機制(monetary policy regimes)，除通膨目標化機制、貨幣目標化機制外，還有匯率目標化機制(exchange rate targeting)；有關貨幣政策
機制的詳細介紹，請參閱中央銀行(2014)，「103 年 9 月 25 日央行理監事會後記者會參考資料」，9 月 25 日。 

51
 美國Kansas City Fed的研究指出，以個人消費支出物價指數(PCE)估計的最適通膨率介於0.7%至1.4%，詳參Billi, Roberto M. and George A. Kahn (2008), “What 

Is the Optimal Inflation Rate?” Kansas City Fed: Economic Review, 2nd quarter。 
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 貨幣目標化機制 通膨目標化機制 

外

界

評

價 

 本行的貨幣政策表現普獲國際間肯定 

- 最早採行通膨目標化機制為紐西蘭央行，曾任

該行助理總裁兼首席經濟學家、時任芬蘭央行

顧問的 David Mayes 於 2005 年 9 月 29 日來台

訪問時指出：「台灣的貨幣目標化機制已達成

物價穩定的目標，沒有必要改採通膨目標化機

制」。 

- 國際信評公司 Moody’s、S&P、Fitch 多次對台

灣的貨幣政策給予正面評價52： 

 央行貨幣政策極具彈性，致通膨率低且穩

定。 

 央行靈活的貨幣管理，讓身為小型開放經濟

體的台灣有充裕的緩衝能力，因應外來衝

擊。 

 

 通膨目標化機制存在諸多缺失53
 

- 控制能力較差：央行對貨幣總計數的控制能力，高於

對通膨率的控制。 

- 訊息延遲問題：貨幣政策有很長的時間落後 (time 

lag)，通膨目標無法即時對外傳達貨幣政策立場。 

- 過於僵化：僵化的法則(rule)限制央行因應意料之外情

境的能力。 

- 可能提高產出波動度：僅注重通膨，一旦通膨率高於

目標值時，貨幣政策過於緊縮，導致產出的波動擴大。 

 通膨目標化機制非理想的貨幣政策架構 

- Joseph Stiglitz、Jeffrey Frankel、Barry Eichengreen、

Eswar Prasad、Raghuram Rajan 等著名經濟學家認

為，僵化的通膨目標化機制過度重視物價穩定，忽略

金融穩定，並非理想的貨幣政策架構。 

- 全球金融危機後，經濟學家咸認，僵化的通膨目標化

機制亟需修正或放棄。 

                                                 
52

 Moody’s(2015/7、2014/10、2013/10)、S&P(2015/4、2014/5、2013/8)、Fitch(2013/7)，詳參中央銀行新聞參考資料。 
53

 主要取材自 Mishkin, Frederic (2007),“Ch.16 What Should Central Banks Do? Monetary Policy Goals, Strategy, and Tactics,” in The Economics of Money, Banking, 

and Financial Markets, 8
th

 Edition。 



51 

 

 貨幣目標化機制 通膨目標化機制 

外

界

評

價 

- 德國貝特曼基金會(Bertelsmann Stiftung)日前

對本行表現給予高度肯定54： 

 台灣通膨溫和、匯價穩定，政府與央行追

求金融與經濟穩定性，匯率政策審慎，帶

領台灣安然度過全球金融危機及之後的經

濟衰退。 

 小型開放經濟體的通膨多屬「輸入性通膨」，不適合採

僵化的通膨目標化機制 

- 諾貝爾經濟學獎得主 Joseph E. Stiglitz 指出55，小型開

放經濟體的物價上漲多屬「輸入性通膨」。 

- Stiglitz 強烈反對小型開放經濟體採行僵化的通膨目

標化機制。 

沒有一體適用的最適貨幣政策架構﹗ 

前美國 Fed 理事、現任哥倫比亞大學教授 Frederic Mishkin 認為56，沒有放諸四海皆準的最適貨幣政策架構，各國

央行應衡量該國政治、文化、經濟及歷史等背景因素，決定最適合的貨幣政策架構，俾營造有利於長期物價穩定

及經濟健全發展的環境。 

 

 

 

                                                 
54

 德國貝特曼基金會為德國最大的非營利基金會，創立於 1977 年 2 月 8 日；根據貝特曼基金會官網資料，該基金會為非營利基金會，創立宗旨為激勵人心、
形塑未來、參與全球化世界，並關心德國的政治、經濟、社會結構，希望能借鏡其他國家的成功經驗。詳參 Bertelsmann Stiftung (2016), Bertelsmann Stiftung’s 

Transformation Index 2016, Feb.。 
55

 Stiglitz, Joseph (2008), “The Failure of Inflation Targeting,” Project Syndicate, May 6 及 Parker, Faranaaz (2009), “Stiglitz Slams Inflation-targeting,” Mail & 

Guardian Online, Jul. 9。 
56

 Mishkin, Frederic S. (1999), “International Experiences with Different Monetary Policy Regimes,” Journal of Monetary Economics, 43, pp. 579-605。 



 
 
 
 
 
 
 

 
 

 
 

MEMORANDUM 
 

March 14, 2016 
 
To: Subcommittee on Commerce, Manufacturing, and Trade Democratic Members and 

Staff 
 
Fr: Committee on Energy and Commerce Democratic Staff 
 
Re: Hearing on “Disrupter Series: Digital Currency and Block Chain Technology” 
 

On Wednesday, March 16, 2016, at 11:00 a.m. in room 2123 of the Rayburn House 
Office Building, the Subcommittee on Commerce, Manufacturing, and Trade will hold a hearing 
titled “Disrupter Series: Digital Currency and Block Chain Technology.”  
 
I. BACKGROUND 
 

Digital currencies include both virtual currencies and cryptocurrencies, neither of which 
is legal tender.1  The term “virtual currency” commonly refers to payment systems used in 
virtual domains such as online gaming.2  Cryptocurrencies use encryption algorithms in a new 
way to secure transactions and control the creation of new units.3  The focus of this hearing is 
cryptocurrencies. 
 

                                                            
1 Digital vs. Virtual Currencies, Bitcoin Magazine (Aug. 22, 2014) (online at 

bitcoinmagazine.com/articles/digital-vs-virtual-currencies-1408735507). 
2 European Central Bank, Virtual Currency Schemes (Oct. 2012) (online at www.ecb.europa. 

eu/pub/pdf/other/virtualcurrencyschemes201210en.pdf). 
3 Crypto Currency, Forbes (Apr. 20, 2011) (online at www.forbes.com/forbes/2011/ 

0509/technology-psilocybin-bitcoins-gavin-andresen-crypto-currency.html).  
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The technology behind most cryptocurrencies, known as “blockchain,” is a digital public 
ledger that anyone can inspect, but no individual controls.4  The ledger software keeps track of 
all transactions and can only be updated by consensus of a majority of participants in the 
system.5   

 
II. CRYPTOCURRENCIES 

 
Cryptocurrencies are not backed by any central authority and derive value in part because 

of their scarcity.6  They allow peer-to-peer transactions to take place without going through a 
financial intermediary, such as a bank.7  In addition, they are not government-backed or insured; 
each currency’s value instead depends on factors such as how many merchants accept it, how 
many might accept it in the future, and whether or not governments ban it.8   

 
A. Examples of Cryptocurrencies 

 
Bitcoin is the most well-known and widely used cryptocurrency.9  It relies on the 

principles of cryptography to produce coins and process transactions.  Bitcoin’s controlling 
computer code is completely public, or “open source.”10  Transactions are processed by users of 
the system, who verify by consensus that the parties to the transaction have sufficient funds to 
complete the transaction.11  All transactions are recorded in the blockchain.12   
 

                                                            
4 The Trust Machine, Economist (Oct. 31, 2015) (online at www.economist.com/news/ 

leaders/21677198-technology-behind-bitcoin-could-transform-how-economy-works-trust-
machine). 

5 The Next Big Thing, Or Is It?, Economist (Mar. 9, 2015) (online at www.economist.com/ 
news/special-report/21650295-or-it-next-big-thing); Forget Bitcoin—What Is the Blockchain and 
Why Should You Care?, Recode (July 5, 2015) (online at recode.net/2015/07/05/forget-bitcoin-
what-is-the-blockchain-and-why-should-you-care/). 

6 Bitcoin’s Legality Around the World, Forbes (Jan. 31, 2014) (online at www.forbes.com/ 
sites/kashmirhill/2014/01/31/bitcoins-legality-around-the-world/#41a01c979b2b). 

7 We Must Regulate Bitcoin.  Problem Is, We Don’t Understand It, Wired (Mar. 1, 2016) 
(online at www.wired.com/2016/03/must-understand-bitcoin-regulate). 

8 The Crypto-Currency, New Yorker (Oct. 10, 2011) (online at www.newyorker.com/ 
magazine/2011/10/10/the-crypto-currency). 

9 Id. 
10 Rainer Böhme et al., Bitcoin: Economics, Technology, and Governance, Journal of 

Economic Perspectives (Spring 2015). 
11 Id.  
12 David S. Evans, Economic Aspects of Bitcoin and Other Decentralized Public-Ledger 

Currency Platforms, Coase-Sandor Institute for Law & Economics, University of Chicago Law 
School (Apr. 2014). 
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There are several hundred other types of cryptocurrency, but only about 20 sell for more 
than $1 per unit.13  Although they share the basic characteristics, these Bitcoin alternatives each 
have their own individual features.14   

 
B. Benefits and Challenges of Cryptocurrencies 

 
Cryptocurrencies can offer advantages to underbanked and unbanked populations, 

especially in regions where state-backed currency is consistently unstable and traditional 
financial services are less accessible.15 Also, they may offer users increased privacy and 
anonymity as well as lower transaction costs in comparison to traditional payment methods.16    

 
Despite some of the potential benefits of cryptocurrencies, a number of barriers have 

impeded the widespread adoption of cryptocurrencies.  Current public perception and receptivity 
of cryptocurrencies is low, as shown in a 2014 study that found that 80 percent of Americans 
were not willing to consider using Bitcoin.17  Because they are not considered legal tender, many 
existing consumer protections with respect to consumer financial transactions do not apply to 
cryptocurrencies.18  For example, they are not protected by deposit insurance.19  Without the 
backing and management of a central authority, they are vulnerable to extreme price fluctuations 
and deflation.20   
 

The perceived criminal element associated with cryptocurrencies provides another 
disincentive for average consumers.  Cryptocurrencies have been used to facilitate money 
laundering, arms trafficking, ransom demands, data theft, and terrorism.21   

                                                            
13 12 Cryptocurrency Alternatives to Bitcoin, Bankrate (Feb. 2014) (online at 

www.bankrate.com/finance/investing/cryptocurrency-alternatives-to-bitcoin-1.aspx). 
14 Bitcoin: How Its Core Technology Will Change the World, New Scientist (Feb. 5, 2014) 

(online at www.newscientist.com/article/mg22129553-700-bitcoin-how-its-core-technology-
will-change-the-world). 

15 Can Bitcoin Help The World's Unbanked?, CNBC (Jul. 5, 2015) (online at 
www.cnbc.com/2015/07/05/can-bitcoin-help-the-worlds-unbanked.html) 

16 Congressional Research Service, Bitcoin: Questions, Answers, and Analysis of Legal 
Issues (Dec. 2, 2015) (R43339). 

17 Most People Still Don’t Know What Bitcoin Is, and Don’t Care to Know, Wall Street 
Journal (Feb. 5, 2014) (online at blogs.wsj.com/moneybeat/2014/02/05/most-people-still-dont-
know-what-bitcoin-is-and-dont-care-to-know). 

18 U.S. Government Accountability Office, Virtual Currencies: Emerging Regulatory, Law 
Enforcement, and Consumer Protection Challenges (May 2014) (GAO-14-496). 

19 Id. 
20 Bitcoin’s Deflationary Weirdness, New Economic Perspectives (Apr. 24, 2013) (online at 

neweconomicperspectives.org/2013/04/talking-bitcoin.html). 
21 EU to Step Up Checks On Bitcoin, Prepaid Cards to Fight Terrorism, Reuters (Feb. 2, 

2016) (online at www.reuters.com/article/us-eu-terrorism-financing-idUSKCN0VB1N7); 
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 Furthermore, the mechanisms employed by cryptocurrencies give rise to unique 
consumer protection questions.  Cryptocurrency transactions are irrevocable, which impedes the 
ability of businesses to process simple consumer transactions such as chargebacks or returning 
purchases.22  Without a central backing authority to guarantee value and assume the burden of 
risk, the security of the network is the currency’s only safeguard.  High-profile hacks of popular 
Bitcoin exchanges and wallets have resulted in the theft of hundreds of thousands of Bitcoins.23   
 

C. Current Legal Status and Regulatory Actions Regarding Cryptocurrencies 
 

Various federal agencies have issued guidance on cryptocurrencies, including the United 
States Commodity Futures Trading Commission and the Department of the Treasury’s Financial 
Crimes Enforcement Network.24  The Federal Trade Commission and the Securities and 
Exchange Commission have successfully brought cases against people committing fraud related 
to Bitcoin.25  The Internal Revenue Service also issued guidance.26   

 
New York is the only state to establish rules for licensing cryptocurrency businesses.27  

Other states have considered regulation, and the Conference of State Bank Supervisors released a 
draft model regulatory framework on cryptocurrencies in September 2015.28  Current federal and 
state money transmitter laws apply to businesses providing a person-to-person payment system 
involving legal tender (such as an exchange that converts dollars to cryptocurrency).29  
                                                            
Bitcoin, Currency of Vice, The Guardian (Mar. 4, 2013) (online at www.theguardian.com/ 
business/2013/mar/04/bitcoin-currency-of-vice); Hollywood Hospital Pays $17,000 in Bitcoin to 
Hackers; FBI Investigating, Los Angeles Times (Feb. 18, 2014) (online at www.latimes.com/ 
business/technology/la-me-ln-hollywood-hospital-bitcoin-20160217-story.html). 

22 See note 18. 
23 A History of Bitcoin Hacks, The Guardian (Mar. 18, 2014) (online at www.theguardian. 

com/technology/2014/mar/18/history-of-bitcoin-hacks-alternative-currency). 
24 Bitcoin vs. the SEC, Politico (Apr. 23, 2015) (online at www.politico.com/agenda/story/ 

2015/04/bitcoin-money-stock-market-000026). 
25 Id.; Bitcoin Startup Butterfly Labs Settles with FTC for $38.6M, But it Can’t Pay, Ars 

Technica (Feb. 18, 2016) (online at arstechnica.com/tech-policy/2016/02/bitcoin-startup-
butterfly-labs-settles-with-ftc-for-38-6m-but-it-cant-pay). 

26 See note 16. 
27 NY Financial Regulator Lawsky Releases Final BitLicense Rules for Bitcoin Firms, Wall 

Street Journal (Jun. 3, 2015) (online at www.wsj.com/articles/ny-financial-regulator-lawsky-
releases-final-bitlicense-rules-for-bitcoin-firms-1433345396). 

28 Conference of State Bank Supervisors, Model Regulatory Framework on State Virtual 
Currency Regulation (online at www.csbs.org/regulatory/ep/pages/framework.aspx). 

29 Dark Money: Only 35 Bitcoin Dealers Are Compliant with US Law, Verge (Dec. 12, 2013) 
(online at www.theverge.com/2013/12/12/5201636/without-legal-clarity-many-bitcoin-
companies-go-unregistered). 
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III. BLOCKCHAIN 
 

Industry interest in alternative applications of blockchain, the technology underlying 
cryptocurrencies, has risen in the past year, stemming mainly from its ability to keep track of 
transactions (i.e., who owns what at a given time) securely and permanently.30  The blockchain 
allows all users in the network to view the transaction history it records.31 
 

Unlike Bitcoin’s open-source public blockchain, much of the industry interest in 
blockchain technology has focused on private or semi-private “permissioned” blockchains.32  
Instead of allowing anyone to add and process groups of transactions, known as “blocks”, 
permissioned blockchain networks require an invitation to join.33   
 

A. Potential Uses of Blockchain Technology 
 
Financial services companies are leading investment in blockchain technology.34  The use 

of a trusted private ledger for recordkeeping of financial transactions could reduce the need for 
third parties that charge fees for their services, such as clearinghouses, custodian banks, 
accountants, and auditors.35  Additional savings could result from increased speed and efficiency 
enabled by the blockchain and from limiting human error by automating certain functions.36  
Estimates of banks’ cost savings from the use of permissioned blockchains range from $20 to 
$50 billion per year.37   

 
 Blockchain has a myriad of other potential applications.  The decentralized nature of 
blockchain may help ensure accuracy in pool-based services as diverse as insurance and fantasy 
sports.38  In the future, blockchain-based programs could enable individuals to selectively and 

                                                            
30 See note 4; The Technology Behind Bitcoin Could Solve a Big Problem Banks Had in the 

2008 Crisis, Business Insider (Feb. 5, 2016) (online at www.businessinsider.com/itbit-ceo-
blockchain-2008-financial-crash-risk-settlement-2016-2?r=UK&IR=T). 

31 Id. 
32 David Yermack, Corporate Governance and Blockchains, National Bureau of Economic 

Research Working Paper (Dec. 2015) (online at www.nber.org/papers/w21802.pdf). 
33 Id.; Joshua A.T. Fairfield, Bitproperty, Southern California Law Review (2015). 
34 See note 4. 
35 Id. 
36 Blockchain Promises Back-Office Ledger Revolution, Financial Times (Oct. 13, 2015) 

(online at www.ft.com/intl/cms/s/0/7aad0826-638c-11e5-9846-de406ccb37f2.html#axzz42Z 
HoRAen). 

37 See notes 4 and 33. 
38 Good News —Fintech Could Disrupt Finance, Financial Times (Mar. 8, 2016) (online at 

www.ft.com/intl/cms/s/0/425cb3ca-e480-11e5-a09b-1f8b0d268c39.html#axzz42YPbHljv); Intel 
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securely share their personal health information with medical entities of their choosing.39  A 
startup in New York allows consumers to sell energy generated by solar panels on their houses 
on the free market.40  Blockchain has spurred several initiatives supporting new platforms for 
secure online voting.41  
 

Blockchain also enables so-called algorithmic or “smart” contracts, which encode self-
executing terms into the blockchain.42  Auto and property titles, rare and valuable artifacts, and 
digital music and media downloads could have permissions and ownership recorded in a 
blockchain.43 
 

B. Future Regulatory and Consumer Protection Challenges for Blockchain 
 

The use of blockchain may pose new legal and regulatory challenges, particularly in the 
areas of financial oversight, property, and securities investments.44  Some experts have pointed 
out that permissioned blockchains may use anticompetitive tactics or price fixing that would 
violate antitrust regulations.45  Although blockchain may enable cost savings for business, there 
is no guarantee that those savings will be passed on to consumers.46  Like any disruptive 
technology, blockchain could eventually lead to job loss in the industries that it displaces.47 

                                                            
is Testing a Blockchain it Built With a Fantasy Sports Game, CoinDesk (Feb. 26, 2016) (online 
at www.coindesk.com/intel-testing-blockchain-built-fantasy-sports-game). 

39 Guy Zyskind et al., Enigma: Decentralized Computation Platform with Guaranteed 
Privacy, MIT Media Lab (2015) (online at enigma.mit.edu/enigma_full.pdf); Estonia Is Using 
the Technology behind Bitcoin to Secure 1 Million Health Records, Business Insider (Mar. 3, 
2016) (online at www.businessinsider.com/guardtime-estonian-health-records-industrial-
blockchain-bitcoin-2016-3). 

40 Blockchain-Based Microgrid Gives Power to Consumers in New York, New Scientist (Mar. 
2, 2016) (online at www.newscientist.com/article/2079334-blockchain-based-microgrid-gives-
power-to-consumers-in-new-york). 

41 Bitcoin Could Change Voting the Way it’s Changed Money, Motherboard (Jun. 6, 2014) 
(online at motherboard.vice.com/read/bitcoin-could-change-voting-the-way-its-changed-money). 

42 Ahmed E. Kosba et al., Hawk: The Blockchain Model of Cryptography and Privacy-
Preserving Smart Contracts, IEEE Symposium on Security & Privacy (2016) (online at 
eprint.iacr.org/2015/675.pdf). 

43 IBM Adapts Bitcoin Technology for Smart Contracts, Wall Street Journal (Sep. 16, 2015) 
(online at www.wsj.com/articles/ibm-adapts-bitcoin-technology-for-smart-contracts-
1442423444). 

44 See note 16. 
45 See note 33. 
46 See note 11. 
47 Blockchain in the Corporate Environment Has Big Potential, But Faces Implementation 

Challenges, Wall Street Journal (July 27, 2015) (online at blogs.wsj.com/cio/2015/07/27/ 
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