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支付清算系統在貨幣政策及金融穩定之角色：臺灣個案
(The Role of Payment and Settlement Systems in Monetary Policy and Financial Stability: The Case of Taiwan)
1、 目的：本報告係奉  派赴馬來西亞吉隆坡參加SEACEN年度研究計畫「支付清算系統在貨幣政策及金融穩定之角色」所提交之我國研究報告。
2、 過程：SEACEN主辦單位邀請來自亞洲9個國家共同參與研究計畫，第一次研討會於100年6月4-8日舉辦，根據主辦單位所制定的研究大綱與時程表，各國代表先提交第1-2章有關國家支付基礎設施架構之內容，並輪流簡報，答覆提問。嗣後，專案計劃主持人(Dr. Donanto)簡報研究主題、涵蓋範圍及研究途徑，與各國代表溝通並交換意見，最後由主辦單位綜合各方意見，裁定研究大綱、方法論及工作進度。第二次研討會於101年10月1日至10月5日舉辦，每一國家輪流提報各國研究成果，由兩位中央銀行專家評審並提供建議事項；最後，綜合評鑑認為多數國家報告幾乎完全著墨於相關支付系統之發展沿革，對於支付系統與貨幣政策及金融穩定之連結，缺乏有力的論證；因此，主辦單位要求Dr. Donanto會後10天內重擬研究方法，最好是能採取計量實證，並寬限三個月提交報告。本報告係根據第二次工作會報之評審意見及計量實證要求改寫，經本行內部評審及英文編譯修正完竣後，2013年1月11日傳送SEACEN主辦單位彙辦。
3、 研習心得及建議事項：(檢附原報告)

1.中央銀行普遍肩負兩項核心的政策任務：維護貨幣及金融穩定；換言之，維持民眾對支付系統、支付工具及通貨幣值之信心。支付清算原本就是中央銀行的基本功能，包含清算資產、日間信用(intraday credit)機制及移轉貨幣價值的基礎設施與作業法則。為貫徹上述政策目標，傳統中央銀行兼具通貨發行銀行、最終清算銀行及銀行的銀行(最終貸款者)之角色。為此，中央銀行供應中央銀行貨幣作為最終清算的支付媒介、營運大額銀行間支付清算系統、擔任其他支付系統之清算代理行，以及監管國內重大支付系統之營運。
2. 昔日有關中央銀行政策目標與支付系統功能之連結研究，往往輕忽日間流動性管理之重要性，甚至將支付系統視為交易後端的會計作業程序而已。實際上，銀行間大額支付系統對清算餘額之需求，會影響商業銀行或金融機構日中流動性之調撥及貨幣市場利率之決定，後者通常傳達央行貨幣政策操作之訊息。由於支付清算系統間相互依存之關係，一旦出現違約無法履行支付之事件，有可能成為系統性風險傳染的根源；此時，中央銀行最終貸款者的角色，成為維繫金融穩定的最後防線。
3. 金融海嘯後，中央銀行已成為金融體系穩定的最終防衛主力，理由有三：(1)中央銀行是唯一能在極短時間內近乎無限量供應整體金融體系流動性的機構；(2)維護現代金融基礎設施支付清算系統之健全運作，中央銀行責無旁貸；(3)中央銀行須隨時關注分析總體經濟金融情勢之國內、外發展趨勢。
4. 基於以上認識，為進一步探討支付系統與貨幣政策、金融穩定間之交互影響程度，本報告建構一個簡化的模型，包括臺灣貨幣所得流動速度、支付系統及金融中介三條方程式，樣本含蓋2000年1月至2011年12月間,共計144個觀察值，分別以最小平方法 (OLS)及向量誤差修正(VEC)迴歸估計檢定。
5. 本研究發現，在一個簡化的部份均衡體系中，支付系統MTV【銀行活期存款(包含支票、活期及活期儲蓄存款)借記總額週轉次數】對貨幣所得流通速度Py/M2(隱含貨幣需求)及全體經濟的信用槓桿L/Py(代表金融中介)的影響，統計檢定都不是很顯著。
6. 但以金融中介L/Py及國內三大支付系統【(DNS(票據交換系統)、RTGS(金資與央行同資系統)、SSS(證券清算系統)】週轉次數來解釋MTV，不但迴歸係數均為正，且統計檢定均顯著。
7. 由於結構式OLS迴歸難免存在系列相關與遺漏重要解釋變數等瑕疵，近幾年來，普遍以縮減式向量自我迴歸(VAR)模型配合因果檢定與誤差修正，直接探討相關變數間之衝擊反應(impulse response)及變異數分解(variance decomposition)。結果顯示：影響貨幣需求的波動震盪，支付面的衝擊比金融面的衝擊大；影響金融仲介的波動震盪，貨幣面的衝擊比支付面的衝擊略大；支付系統的波動震盪主要來自自身系統，惟受金融面的衝擊要比受貨幣面的衝擊大。
8. 既然實證顯示目前支付系統對貨幣面與金融面之影響不是很顯著，不妨讓支付系統維持目前獨立運作的方式，暫不考慮如何去連結貨幣政策與金融穩定。
9. 貨幣政策一般追求物價穩定，支付系統追求安全與效率，惟金融穩定政策的目標迄今尚缺乏共識。中央銀行若要兼顧三大政策目標，必須考慮目標與工具間之搭配與目標間或工具間可能存在衝突的可能性。此時，Tinbergen法則(單一工具對映單一目標)可能不再適用，而William Poole的相對效率準則或Robert A. Mundell的有效市場區隔準則，可適用於多工具與多目標間政策搭配的選擇依據。惟當目標與工具個數超過2時，系統間相互依存關係或衝擊反應會變得更複雜化而難以有效區分，此時，主管機關間政策協調(coordination)將凸顯其重要性。
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1. Introduction 

1.1 An Overview of Taiwan Economy 

Export-led policy has successfully contributed to Taiwan’s vigorous economic growth and a robust financial development, just like most other Asian countries. Although this growth model has been widely duplicated by the emerging market economies, especially the “BRIC” countries: China, India, Brazil and Russia; Taiwan is still well-known for its strong high-technology products, such as notebook computers, cell phones and the wafer fabrication. 
Both Lehman Brothers’ bankruptcy and GIPS sovereign debt crises affected Taiwan’s economy during 2008-09; soon after, the growth rate sprang back to 10.72% in 2010, the highest rate over the last decade, partly due to a lower base effect in the previous year. During 2001-2011, the average GDP growth rate was 4.1%; during the same period, the CPI inflation rate has maintained at a stable level with the average inflation rate of 0.99%, compared to WPI average inflation rate of 2.24% (see Graph 1). 

Since Taiwan has a small open economy, its growth and price level are deeply and widely influenced by the global economy and business cycle, even in such a case, the Central Bank of the Republic of China (henceforth, the CBC) has made every effort to conduct its interest rates and exchange rates policies in order to promote financial stability, guide sound banking operations, maintain the stability of the internal and external value of the currency, and foster economic development within the scope of the above objectives. 

Taiwan’s weighted average interest rates of deposits and loans declined sharply to the historic lows of which deposits fell below 1 percent and loans came to around 2 percent, and their interest rate spreads shrank to 1.11 percent at 2009 Q2. After then, they have gradually expanded to 1.4 percent at 2011 Q4, but they are still less than the average before the crisis. That indicates sustained global economic recovery was underway but fragilities remained in the financial system (see Graph 2). 

In general, the New Taiwan Dollar (NTD) is flexibly floated against the US Dollar. The exchange rates of NTD/USD had gradually appreciated from 34.999 in 2001 to 29.418 in 2011. During the same period, Taiwan’s current account balances kept positive surplus and increased yearly. The ratios of current account surplus to GDP are as high as between 5% and 11.5%. As a result, Taiwan’s foreign exchange reserves accumulated from USD 122 billion in 2001 to USD 386 billion in 2011; however, some belonged to short-term capital inflows (some sort of hot money in nature).

Much of the hot money usually flows into local capital markets and raises concerns about asset price bubbles. Moreover, potential vulnerabilities to sudden reversals of capital inflows would pose policy challenges for the central bank to address the volatility of exchange rates (see Graph 3 and 4). As we learned from the 1997 Asian financial crisis, heavy capital inflows have enabled weaker enterprises to easily access funds by issuing bonds, resulting in a further deterioration in the credit quality of assets held by investors. Should interest rates unexpectedly rise in advanced economies, economic prospects worsen in emerging markets, or investor appetites change, it could lead to sudden reversals of capital inflows and compromise the soundness of the financial system.
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1.2 The Framework of Payment and Settlement Systems in Taiwan
1.2.1 Legal Basis and Collaborative Oversight 
A well-founded legal basis for the payment system will have every deal in place. The payment system in Taiwan is governed by two categories of legislation, namely general and specific laws as well as by-laws, regulations, directions, rules and contracts. All these legislation and regulation aim at constructing a sound and streamline funds transferring environment in favor of developing industry and commerce businesses on the one hand, and maintaining transaction confidence for either buyer-seller or debtor-creditor on the other hand. The right and obligation between a payer and a payee are also prescribed by standard clauses in relevant laws and regulations, especially to prevent potential payment failure and obligation insolvency.
The CBC is entrusted to maintain the sound operation of the payment and settlement systems in accordance with the “Central Bank of the Republic of China (Taiwan) Act (the CBC Act)” as well as the “Banking Act”. 
According to Article 32 of the CBC Act, regulations governing checks clearance and settlement of accounts among banks shall be stipulated by the CBC. For that entitlement, the CBC enacts the “Regulations Governing the Administration of Negotiable Instrument Clearing Business by the CBC.”
In addition, according to Article 47-3 of the Banking Act, a financial information service business which intends to engage in an interbank funds transfer clearing service shall obtain the competent Authority’s approval. If such a business also involves large-value funds transfer clearing, the approval given by of the CBC is also required. 
With the legislation of the “Organic Act to Establish Financial Supervisory Commission (FSC) under Executive Yuan (the FSC Act),” issued by Executive Yuan on 23 July 2003, the FSC acts as an additional competent authority for the payment systems in Taiwan.  According to that legislation, the payment system oversight in Taiwan is entrusted to both the FSC and the CBC, which forges Taiwan ahead to a two-peak mode with collaboration and specialization.
The CBC has rights to revise relevant rules and regulations, such as “Directions for the Central Bank of ROC to Govern Electronic Inter-bank Fund Transfers and Settlements (the EFT Directions),” with an additional chapter on management of clearing institutions. 

Under the collaborative framework, the CBC and the FSC are respectively charged with the enforcement of the following rules and regulations:

· Rule of CBC Governing Bills and Exchanges;

· Rule Regulating the CBC Inter-bank Funds Transfer Operation; 

· Rule Regulating Credit Card Services (FSC);

· The Master Agreement of PC and Network Banking Activities (FSC);

· The Security and Management of Criteria for E-Banking of Financial Institutions (FSC)

· Guideline Governing the Establishment and Management of Inter-Bank Payment Service Providers (FSC)

1.2.2 The Framework of PSSs in Taiwan
Since the early 1990s, the CBC has actively participated in the design and management of the following systemically important payment and settlement systems:
· Taiwan Check-clearing Houses (TCH) first time adopted MICR to speed the processing of the bill of exchange in 1985; 

· Financial Information Service Co., (FISC) launched the Shared CD/ATM system and the Nationwide Interbank Remittance System (NIRS) in 1987;

· The CBC owns and operates CBC-Wire, which is composed of CBC’s Inter-bank Funds-transfer System (CIFS) in 1995 and Central Government Security Settlement system (CGSS) in 1997;

· The CBC reshaped its CIFS into an all-the-line RTGS in 2002;

· Debt Instruments Depository and Clearing Co. (DIDC) once launched the Short-term Bills Central Depository and Clearing System in 2004; in 2006, DIDC and TSCD (Taiwan Securities Central Depository Co., Ltd.) merged and rename the new entity as Taiwan Depository & Clearing Corporation (TDCC) in order to provide book-entry and custody services for the centralized listed stock exchange (TSEC) and OTC quasi-listed stock exchange (GTSM).

· Mega Bank brought the USD Bills Clearing and Settlement system (UBCS) into operation in December 2010. 

Above PSSs can be classified into three categories: (1) systemically important payment and settlement systems
; (2) retail payment and settlement systems; (3) systemically important securities settlement systems (see Table 1), all of which constitutes the framework of the payment and settlement systems in Taiwan. All the system construction and configuration are proceeding in proper sequence, matching with the need of economic and financial development.

Among others, CBC-CIFS acts as a final settlement hub of Taiwan’s payment systems by linking with systemically important financial market infrastructures such as: CBC-CGSS; FISC-NIRS; TCH-CCS; TDCC-BCS; TSEC-SBECS; and GTSM-EBTS (see Appendix 1). Above all, the CBC provides settlement accounts and final settlement services for those clearing institutions such as TCH, FISC, TDCC, TSEC and GTSM. These arrangements not only favor banks to centralize their liquidities management, but also reinforce safety with non-risk central bank money as their settlement assets.

Initially, the CIFS is an on-line electronic-based fund transfer system operated by the CBC. Through the CIFS, inter-bank funds transfer can be executed in Real Time Gross Settlement (RTGS) mode or in Deferred Net Settlement (DNS) mode across the current accounts that participating banks held with the CBC. Since September 2002, the CBC has reshaped the CIFS into an all-the-line RTGS system, with a view to improving the payment float problem arising from the DNS. Indeed, the existence of the payment float may expose one party’s position to its counterparty so that also results in potential settlement risks and systemic risk.

Under the RTGS mode, payment orders are processed in a manner of real time and on a transaction-by-transaction basis. The payment float improves to a certain extent, which implies that it is more efficient and less risky. However, banks may encounter serious liquidity pressures with RTGS mode. To streamline the system operation, the CBC introduced some standing facilities into the CIFS system, which are: providing intraday overdrafts, incorporating queue mechanism and executing throughput management. 

To centralize large value funds transfers to CIFS for final settlement, the CBC at first linked the CIFS with the CGSS System so that government bonds’ issuance and transaction, principals redemption and interests payment in the CGSS are now dealt by the CIFS with Delivery versus Payment (D-v-P) mode. After that, the CBC in turn ratified the Taiwan Depository & Clearing Corporation (TDCC), Taiwan Stocks Exchange Corporation (TSEC) and GreTai Securities Market (GTSM) to hold settlement accounts at the CBC and to connect their clearing systems with the CIFS, with a view to realizing D-v-P for those large value transactions in domestic financial markets, such as short-term bills, centralized listed stocks, OTC quasi-listed stocks and fixed income securities. These arrangements not only favor banks to centralize their liquidities management, but also increase the settlement security with non-risk central bank money as settlement assets in replace of the previous commercial bank money. Both RTGS and D-v-P mechanism are designed to address the systemic risk in the large-value securities settlement systems.
Table 1 The Configuration of Payment and Settlement Systems in Taiwan

	Payment and Settlement Systems
	System Operators

	e-Government               
	Treasury Proprietary Disbursement Network
	MOF

	Systemically

Important

PSSs
	CBC-Wire:

· CBC’s Interbank Fund-transfer System (CIFS)             

· Central Government Securities Settlement (CGSS)      
	CBC

	
	Nationwide Inter-bank Remittance System (NIRS)            
	FISC

	
	Check Clearing System (CCS)                                            
	TCH

	Retail PSSs 


	Interbank Shared Network:

· CD/ATM System 

· EFT/POS System 

· ATM/Credit/Debit/Pre-paid Cards System

· FEDI System 

· FXML System

· Internet Banking System  

· Mobile Banking System

· Bulk Payment System
	FISC

	
	Automated Clearing House 
	TCH

	
	Banks/Post Giro System                                                  
	Banks; Post

	
	Regional Shared Exchange Centers for Credit Unions 
	Credit Unions

	
	Union Credit Card Processing Center
	UCCC

	Systemically

Important

Securities

Settlement

Systems
	Bills Clearing System (TDCC-BCS)
	TDCC

	
	Stock Book-Entry Clearing System (TSEC-SBECS)
	TSEC; TDCC

	
	Electronic Bond Trading System (GTSM-EBTS)
	GTSM; TDCC

	
	Local USD Bills Clearing and Settlement System (UBCSS)
	Mega Bank

	
	Futures and Derivatives Market Settlement System
	TAIFEX; GTSM


Source: This table is compiled by the author. 

1.2.3 Risks Management and Standing Facilities
1.2.3.1 Risk Management 
The CBC-Wire is owned and operated by the CBC. With the CBC-Wire, the CBC carries out its reserve requirement adjustments, discount window, and open market operation; besides, it offers final settlement for those portfolio transactions arising from money markets, securities and equity markets, and foreign exchange markets.

The CBC-Wire is composed of the inter-bank funds transferring system (CIFS) and central government securities settlement system (CGSS), of which the CIFS is a real-time gross settlement system (RTGS), functioning as large-value funds transfer system across participating banks; while the CGSS is a book-entry system with delivery versus payment (D-v-P) settlement for government bonds transactions. Both RTGS and D-v-P mechanism are designed to address the systemic risk in the large-value payment systems. 

To assist FISC-NIRS in smooth operation, the CBC permits banks to open a pool account in the name of the “Guarantee Account for Inter-Bank Clearing Services” so as to warrant every inter-bank net clearing payment dealt by the FISC-NIRS. In addition, the Bank ratifies the Taiwan Stocks Exchange Corporation (TSEC) and GreTai Securities Market to open settlement accounts and to connect their clearing systems with the CIFS in order to deal with the final settlement of net clearing balances resulting from financial market transactions with respect to TSEC-listed stocks, GTSM-quasi-listed stocks and bonds. These arrangements not only favor banks to centralize their liquidities management, but also increase the settlement security with non-risk central bank money as settlement assets in replace of commercial bank money. 

In July 2000, the GreTai Securities Market introduced the Electronic Bond Trading System (EBTS), providing bond dealers an online trading platform, different from the price negotiations conducted via phone. The EBTS significantly improved trading efficiency and thus substantially increased the volume of outright transactions. It was an important progress in Taiwan’s bond market. Moreover, the Ministry of Finance, the CBC and bond market supervisors have continued to introduce measures regarding the improvement of bond issuance, trading and settlement. These included the introduction of a regular and moderate issuance system, reopening system, when-issued trading system, primary dealer system and lending facility for government bonds, the establishment of a corporate bond and financial debenture trading platform, as well as the opening of new bond-related financial products. They also introduced a delivery-versus-payment (D-v-P) mechanism for book-entry security transactions in order to reduce the settlement risk in bond markets.

1.2.3.2 Standing Facilities
Coping with an increasing demand for liquidity owing to implementing the RTGS and streamlining system operation, the CBC introduces additional facilities as below: 

(1) Provide Intraday Overdrafts: Employing pledges backed with eligible collaterals, such as central government bonds, treasury bills and CBC CDs, financial institutions may apply to the CBC for liquidity accommodation with a view to settlement. To avoid potential abuse, an intraday overdraft is calculated by multiplying the amount of the overdraft with the time span of the credit extension (measured by minutes), and the CBC may charge this liquidity accommodation according to its Accommodation Rate with Collateral. Once a certain intraday overdraft is not refunded by a participating financial institution by the deadline, and must be carried over to the next business day, the CBC may begin to charge this financial institution a penalty interest rate, which is calculated by multiplying the amount of the un-refunded overdraft with the time span of the credit extension in terms of 1.2 times the CBC’s Accommodation Rate without Collateral. If the un-refunded overdraft is carried over to the next business day, the penalty interest rate shall be doubled, and the CBC, starting from the third business day, may suspend this default financial institution’s access to an intraday overdraft temporarily. If a financial institution has its intraday access suspended by the CBC twice within a year, this bank will be qualified to apply for the intraday overdraft function called to a halt for a certain period.

(2) Incorporate Queuing Mechanism: Once a payment order is initiated by a participating institution with account balances insufficient to cover it, the payment order will temporarily be held by the Queue system according to its priority, which may fall into four categories of interbank transactions: (i) financial institutions’ accrued funds payable to the CBC; (ii) financial institutions’ accrued bills of exchange payable, accrued net bills of exchange payable, and funds transfers to the CBC’s Guarantee Account, or for securities settlements to the CBC’s Guarantee Account for Interbank Clearing Businesses; (iii) financial institutions’ forward payments to refund call loans at maturity; and (vi) interbank funds transfers or other payments. The system mechanism is designed to keep payment orders in the queue line until the deficiency of current accounts is made up in order to avoid inputting payment orders repeatedly. The queue system adopts the principle of Bypass FIFO (first in first out) to handle payment orders according to their priority ranks, i.e. for the same category, payment orders are executed in a first-in-first-out and by-pass manner. When the system runs to close off, all payment orders with insufficient available balances that are still held in the queue line will be revoked by the system directly.

(3) Execute Throughput Management: To control the daily flow of payment orders on the CIFS, the CBC has stipulated throughput ratio requirements so as to avoid deferring payments and thereby affecting participants’ funding schedules. According to the required throughput ratio, all banks shall finish their daily transaction value by at least 50% (30% for bills finance companies) no later than 14:30, and at least 80% (for both banks and bills finance companies) no later than 16:30.

1.2.4 The Performance of SIPSs in Taiwan

Table 2 shows transaction statistics about systemically important financial market infrastructures in Taiwan, including those capital markets such as call loans, short-term bills, bonds, stocks and foreign currencies.  As to transactions of non-cash instruments, the penetration ratios both by value and volume are also attached to Appendix 2 and 3.

Acting as a large-valued interbank fund transferring system, the growth of CBC-CIFS is very significant both in terms of its annual turnover times with respect to real GDP and its average daily transaction value and volume, comparing with other two SIPSs, a moderate growing FISC-NIRS and a steady declining TCH-CCS. With centralizing large value funds transfers to the CBC-CIFS for final settlement in the past few years, the daily transaction value of CIFS is increasingly close to the total value of those financial markets, which registered NTD 1,434 billion and NTD 1,589 billion in 2011, compared with 568.9 and 999 in 2001 as well as 974.8 and 1992.1 in 2006. Besides, the total settlement of SIPSs (CIFS, NIRS, CCS) grew from NT$250 trillion in 2001 or twenty-six times RGDP to NT$485 trillion, or thirty-three times RGDP. 

Table 2 Annual Turnover and Average Daily Transaction in Taiwan’s SIPSs and Financial Markets
	
	SIPSS/

RGDP

(times) 


	CBC-CIFS

(NTD b.)

(unit=1000)
	FISC-NIRS

(NTD b.)

(unit=1000)
	TCH-CCS

(NTD b.)

(unit=1000)
	Call loan

Market

(NTD b.)
	Bills

Market

(NTDb.)
	Bonds

Market

(NTD b.)
	Stock

Market

(NTD b.)
	FX

Market

(USD b.)
	Total  

Markets

(NTD b.)



	2001
	26.2
	568.9
(1.9)
	288.8
(255.4)


	153.1
(691.6)
	46.3
	234.1
	479.8
	74.0
	4.7
	999.0

	2002
	26.1
	611.4
(1.8)
	309.7
(255.3)
	127.4
(648.6)
	38.6
	201.6
	535.5
	87.1
	5.6
	1,057.7

	2003
	26.1
	640.4
(1.8)
	333.4
(272.1)
	112.5
(630.9)
	35.0
	190.8
	811.3
	81.0
	7.3
	1,365.9

	2004
	28.6
	762.4
(2.5)
	382.0
(300.6)
	104.7
(628.5)
	40.2
	192.2
	811.5
	94.0
	10.2
	1,464.9

	2005
	31.8
	989.1
(3.2)
	397.5
(324.4)
	96.2
(620.6)
	79.4
	211.2
	1,284.1
	75.6
	12.1
	2,046.9

	2006
	30.4
	974.8
(3.3)
	414.3
(328.2)
	95.1
(594.4)
	95.0
	193.4
	1,098.9
	95.2
	15.6
	1,992.1

	2007
	29.6
	1,012.0
(3.2)
	441.2
(342.6)
	90.5
(580.7)
	81.3
	173.5
	779.1
	132.7
	18.6
	1,770.8

	2008
	31.3
	1,120.6
(3.4)
	428.8
(339.9)
	82.0
(536.5)
	66.2
	184.1
	539.9
	104.0
	19.4
	1,530.6

	2009
	33.1
	1,234.9
(2.9)
	375.9
(332.8)
	69.9
(480.4)
	101.6
	166.4
	385.6
	117.3
	16.2
	1,290.5

	2010
	34.0
	1,416.7
(2.9)
	420.1
(345.3)
	75.1
(484.2)
	140.2
	231.5
	420.2
	111.5
	20.2
	1,517.9

	2011
	32.8
	1,434.4
(3.0)
	436.0
(355.2)
	77.1
(472.7)
	131.3
	227.8
	392.8
	105.2
	24.2
	1,589.2


 Note: The numbers in parentheses indicate the volume of transaction.  

Source: CBC

Today’s payment systems are growing more interdependent due to the common infrastructure and procedure, and thus results in an increasing single-point failure. The resilience of a payment system is determined by the weakest part of its components. Business Continuity Planning (BCP) has been aware of an effective vehicle to contain the possibility of single-point failure.

Acting as a competent authority of interbank payment systems, the CBC has urged all relevant service providers to apply BCP to daily operation risk management, especially converting delay-control into system performance. For example, the FISC-NIRS shall complete all its daily payment transactions before 16:50; otherwise, it shall apply to the CBC for deferring cut-off time and explain the reason for approval. 

1.3 Actions Taken by Central Bank in 2008-09 Financial Crisis

The role and function of the central bank become more and more important in times of financial crisis. When the global financial crisis erupted in 2008, numerous countries expanded their deposit insurance coverage in order to diminish potential systemic risks. The CBC suggested the government authority to adopt a temporary measure of a blanket deposit guarantee in October 2008, which was effective until the end of 2010. This measure effectively restored the confidence of depositors and stabilized the local financial system. 

During the peak of financial meltdown, large capital outflow from the Asian countries exerted a downward pressure on the New Taiwan Dollar (NTD), tightened Taiwan’s financial conditions, and threatened the stability of economy. The CBC reacted to these conditions by cutting the discount rate 7 times from September 2008 to February 2009 so as to stimulate the economy and accommodate the financial conditions.

Furthermore, on 25 September 2008, the CBC announced expansion of the scope of Repo facility operations, which included the expansion of eligible counterparties to cover securities firms and insurance companies, the extension of the term of the facility to within 180 days from 30 days, and the allowance of financial institutions to apply for the CBC’s approval for Repo facility operations if they have emergent funding demands, in addition to the normal operations announced by the CBC.

From 2010 onwards, rebounded insufficient investor risk appetite and continued low interest rate policies in advanced economies, coupled with an upturn of economic prospects in emerging economies, fueled strong capital inflows for portfolio investment into emerging Asian and Latin American economies, and consequently raised concerns about the mounting risks of inflation and asset price bubbles. To contain short-term capital inflows, the CBC resolvedly imposed a US dollar denominated margin on short sale accounts held by foreign investors and raised required reserves on local currency demand deposit accounts held by nonresidents. Besides, to cope with surging house prices in specific areas and banks’ excessive concentration of credit in real estate related loans, the CBC adopted a series of selected credit controls that targeted the Land Collateralized Loans and Housing Loans in Specific Areas by Financial Institutions by adjusting a haircut of loan-to-value ratio from 70% to 60% in order to discourage the property and land speculation, and thereby to protect depositors’ rights and promote financial stability.

To maintain safe and efficient operation of domestic payment and settlement systems, the CBC has made every effort to comply with international standards, such as the earlier Core Principles of Systemically Important Payment Systems (CPSIPS), the General Guidance for National Payment System Development (GGNPSD), and later Principles for Financial Market Infrastructures (PFMI), all were issued by the BIS-CPSS and/or IOSCO. 

In recent years, the CBC has followed the Core Principles to reconstruct domestic payment and settlement systems with a view to promoting system safety and efficiency, such as reshaping the CIFS into an RTGS system and moving the short-term Bills Clearing System (BCS) and Central Government Securities Settlement (CGSS) System toward the DVP processing mode. Currently, the CBC is engaged in assessing systemically important domestic payment systems according to a variety of criteria raised in the Core Principles. Those systems that have not yet complied with the said criteria shall be required to improve so that the domestic payment and settlement systems may possess complete soundness as a requirement for further development.

The CBC implemented (dematerialized) form incorporated into the book-entry system. The CGSS System adopted the RTGS mechanism to register the issuance of central government bonds and treasury bills and, through the connection between the CBC and settlement banks, to deal with the issuance, redemption, transfer and interest and principal payments of government securities in computerized book-entry form. Currently, almost all the transactions of central government securities are processed in dematerialized form.
2. Literature Review
2.1 The Interposition of PSS, MP and FS 
The modern monetary economy can be presumed as an physical organ
, which is composed of the payment and settlement systems, the financial intermediation, and the fractional reserve banking system (include central banking) with each function contributing to discharge payment duties between creditor’s rights and debtor’s obligations, to bridge the saving and the investment, and to maintain price and financial stability accordingly.

Recent financial crises remind many economists and central bankers to re-think central banking when confronting increasing future uncertainty (Eichengreen, 2011), especially when they focus on the relationship among the payment system, the financial stability and the monetary policy. Such an interactive position can be described as Graph 5, which looks like a bourse constituted by the roof (central bank), the pillars (financial institutions) and the floor (financial market infrastructures) together.  The bourse might not work smoothly if each component is out of order or disruption, because they are closely interdependent to one another. On the other hand, both banks (include central banks) and financial markets can not function well without a sound financial market infrastructure.
Graph 5 The Interposition of PSS, MP and FS
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By transferring money between payers and payees, the payment system builds a bridge between money and real economic activities. Acting as a transmitting channel for day-to-day monetary policy implementation, the payment system is also associated with the financial stability because financial instability can be transmitted through the payment system at a speed limited only by the speed of the payment system itself. Both monetary and financial stabilities provide further grounds for central banks to oversee the payment systems, even if not active involvement.
(1) Payment systems and monetary policy are closely intertwined. A speedy and well-functioning payment system is a prerequisite for the smooth transmission of monetary policy. The central bank is dependent on safe and efficient large-value payment systems of the banking industry and financial markets, which are able to execute its open market operation, say, a securities repurchase agreement on a same-day basis, in order to implement its interest rate and/or liquidity policies. Disruptions in payment systems can quickly have a negative impact on national financial markets, and can be an impediment to the development of the real economy. Based on this reason, many central banks in advanced countries are empowered with oversight of payment system, supervision of banks, and/or surveillance of financial market (Deutsche Bundesbank, 1997).  

(2) Payment systems build the cornerstone for financial stability. A safe and efficient payment system contributes to maintaining and promoting financial stability and economic growth, and it also concentrates risks if not properly managed. As a consequence, it can be the sources of financial shocks, such as liquidity dislocations and credit losses.  Particularly in the large-value payment system, the settlement failure of one participant might cause other participants to be unable to meet their obligations when due. Such a systemic risk may have a domino effect, and quickly spread throughout the entire financial system.  The central bank’s real time gross settlement arrangement and the intraday liquidity facility are developed to address the systemic risk; it turns out to be an effective tool for the smooth functioning of monetary transmission, and in turn, contributing to the financial stability (Fry et al., 1999).  
(3) Financial stability per se is broader concept of monetary policy. Price stability to some extent is in favor of financial stability. For all that, there is as yet no universally accepted definition of financial stability. Defined positively, “financial stability” can be viewed as the financial system’s ability to: (i) facilitate an efficient allocation of economic resources both spatially and inter-temporally; (ii) assess and manage financial risks; and (iii) withstand adverse shocks. From a negative view, “financial instability” refers to the occurrence of currency, banking, or foreign debt crises, or inability of the financial system to absorb adverse shocks (endogenous or exogenous), and allocate resources efficiently, with the result that it cannot facilitate real economic performance in a sustained manner (Central Bank of ROC (Taiwan), 2008).
The key to ensure that the linkages among the payment system, monetary policy and financial stability are not disruptive lies in regular contact and information-sharing among those responsible for payment system, monetary policy, banking supervision, and financial markets surveillance. This is particularly important when major operational changes are contemplated and when markets and systems are under strain. With close cooperation and coordination, policies consistency and transparency, together form and result in reliable payment systems, in which risks and obligations are managed prudently. At least, there should be opportunities to prevent settlement risks from developing into financial crises.
2.2 The Theory of Intraday Liquidity 
2.2.1 Pre-crisis Intraday Liquidity Policy

The monetary policy theoretically is based on the quantity theory of money, which assumes that the payment behavior is fixed or determined by market convention, so the relation between the demand for money balances and its determinants is a fundamental building block in most theories of macroeconomic behavior and is a critical component in the formulation of monetary policy. The central bank has the obligation of controlling money supply to meet the demand for money. Under this policy framework, a monetary target approach mainly focuses on the control of base money first, then monetary aggregates, and finally the output growth and price inflation. Another inflation target approach focuses on the determination of short-term interest rates and directly targets inflation stabilization only. 
The shift in monetary policy emphasis from direct controls on interest rates and credit to indirect management of commercial banks’ reserves and liquidity through open market operations once served to emphasize the critical importance of reliable and efficient same-day payment and settlement arrangements. Such arrangements mainly aim at managing payment float arising when the accounting entries for the two sides of a payment order are not posted simultaneously. Where there is large and variable payment float, there exists uncertainty in the final settlement process. The Intraday liquidity policy is then developed to contain such a settlement uncertainty, involving intraday credit/overdraft/repo facilities to speed the payment flow throughout payment systems.
Among others, an interbank funds transfer system, used for the settlement of financial market and other large-value transactions, will offer substantial benefits for monetary policy implementation, it can also contribute to the maintenance of the stability of the financial systems (IMF, 1994; Johnson et al, 1998).  These benefits include:

· The elimination of float arising from these transactions, thus reducing erratic fluctuations in bankers’ balances with the central bank, and making it easier to forecast their levels accurately;

· The effective operation, at a low cost, of an interbank money market, in which banks and other financial institutions can efficiently manage their daily liquidity requirements, and in which the central bank can conduct precisely targeted open market operations;

· The elimination of credit exposures between banks, and the reduction of their liquidity exposures, arising in the settlement of their transactions, and those of their customers;

· The opportunity for banks to maintain a lower stock of overnight balances with the central bank; and

· The ability to reduce or eliminate settlement risk arising from transactions in other financial markets, such as for securities or for foreign exchanges. 
With this in mind, the payment system not only serves as financial market infrastructure (FMI), but also enters into the very heart of decision making in monetary policy (Crockett, 1998)
. 

Even when payment float is not a problem because it is either stable or minimal, no discussion of payment system/monetary policy linkages is complete without some mention of the possibility of a spillover of intraday credit into overnight credit, and the potential effect of such an event on overall monetary conditions. For all that, central banks can introduce safeguards such that the spillover effect is negligible, In other words, intraday/interday (overnight) markets can be effectively segmented by imposing collateral arrangements and a penal regime for any “spillover” lending. Hence, monetary policy can still operate effectively in the context of end-of-day balances and overnight (or longer) interest rates (Fry et al., 1999). 

In practice, among many central banks, it is generally accepted that (i) part of reserves account balances are allowed for settlement use; (ii) many central banks provides intraday credits/repo on the ground of RTGS system efficiency; (iii) relevant support facility: collateral arrangements, interest charges, penal regime; (iv) accommodation through intra/inter call loan markets (see Table 4). Where we find intraday liquidity accommodation is mainly provided by the central bank, instead of the market, either against collaterals or for a penalty charges. Except Switzerland and Japan, most countries listed in Table 3 are lack of intraday money market. In addition, most central banks charge intraday credit by interest-free except the U. S. and Taiwan. People may ask why the distribution of intraday liquidity through a market was seldom adopted as a common practice. This issue then becomes that of the role of the intraday market.
Table 3 Comparison of Intraday Credit Policies for Selective Countries’ RTGS Systems

	　
	Be
	Fr
	Ge
	It
	Ne
	Swd
	Sws
	UK
	USA
	Ca
	Ja
	Tw
	HK
	Si

	Access to required reserves for payment purpose
	Y 
	Y
	Y
	Y1
	Y
	nap
	Y
	nap
	Y
	nap
	Y
	Y
	nap
	Y1

	Access to liquidity reserves for payment purpose
	nap
	nap
	nap
	nap
	Y
	nap
	Y
	Y
	nap
	nap
	nap
	Y
	nap
	

	Intraday credit provided by central bank
	Y
	 
	Y
	Y
	Y
	Y
	
	
	Y3
	Y
	Y
	Y
	
	Y2

	    Quota Limited
	 
	 
	
	ｙ
	
	y 
	 
	 
	ｙ
	ｙ
	 
	
	 
	 

	    Collateral Pledged
	ｙ
	 
	ｙ
	ｙ
	ｙ
	ｙ
	 
	 
	ｙ
	Y 
	ｙ
	y
	 
	ｙ

	    Interest-charge
	
	 
	
	
	
	
	 
	 
	y
	
	 
	y
	 
	

	Intraday repo operated by central bank
	Y
	Y
	
	
	
	Y4
	Y
	Y
	
	Y
	
	
	Y
	 

	    Interest-charge
	
	
	 
	 
	 
	
	
	
	 
	 
	 
	
	
	 

	Overnight liquidity accommodated by central bank
	Y
	Y
	Y
	Y
	N5
	Y
	Y
	Y6
	Y
	Y
	Y6
	Y
	N5
	Y

	    Charge overnight interest rate/Lombard rate
	ｙ
	ｙ
	ｙ
	ｙ
	 
	ｙ
	ｙ
	ｙ
	ｙ
	ｙ
	ｙ
	y
	 
	ｙ

	    Penalty charge
	ｙ
	ｙ
	ｙ
	ｙ
	 
	ｙ
	ｙ
	ｙ
	ｙ
	ｙ
	ｙ
	y
	 
	ｙ

	    Lag surcharge
	 
	 
	 
	 
	 
	 
	 
	ｙ
	 
	ｙ
	ｙ
	y
	 
	 

	Accommodation through money market
	
	
	Y
	
	
	Y
	Y7
	
	
	Y
	Y7
	
	
	Y

	    Intraday call loan market
	 
	 
	 
	 
	 
	 
	ｙ
	 
	 
	 
	ｙ
	
	 
	 

	    Interday call loan market
	 
	
	ｙ
	
	
	ｙ
	
	
	
	ｙ
	
	
	
	ｙ


Source: This table is compiled by the author according to CPSS (1996) RTGS System and (2005) LVPS Report.

Note: 1. Italy allows no more than 12.5% balances in reserves accounts to afford payments; Singapore 3%. 2. Whether or not Singapore provides intraday credit and requires collaterals pledge depends on cases. 3. Fed-Wire carries out credit rating and divides participants into six classes on which intraday credit quota depends, and interest charges at discriminated cost in accordance with/without collaterals. 4. Not stand facility. 5. At the end of business day, central bank will automatically transfer fund in order to square the net debit positions in all RTGS accounts. 6. BOE charges intraday credits that are not able to refund after business hours by penalty fee 2.5~5 percentage points, depending on first or repeated offender; BOJ has a similar regulation.  7. In Japan, intraday call loan market developed to support BOJ’s DNS settlement. In Switzerland, it is used to accommodate specific securities transactions. 

Typically, intraday liquidity can be obtained directly from the central bank. In contrast, overnight liquidity is usually made available to banks through a market. Martin & McAndrews (2007) discuss the separate roles of intraday and overnight markets and argue that an intraday market could be organized in the same way as the overnight market, if banks’ deposit reserves are paid interest by the central bank or the marginal cost of overnight liquidity is zero, meaning that the opportunity cost of money is close to zero. Even so, this kind of intraday market may be feasible, but does not necessarily mean it is desirable. In all, The Economist (2001) once indicated “[Banks] like to hang on to their cash and deliver it as late as possible at the end of the working day.” To deal with this problem, intraday liquidity accommodation is the key, whatever it may come from central banks or markets; and it would be better to distinguish intraday/interday liquidity markets so that intraday market is mainly used for settlement purpose, while overnight market is used for monetary policy implementation.   

2.2.2 Post-crisis Thinking on Monetary Policy Strategy 
During the past few years, the world economy underwent the “Great Moderation” and “once-in-a-century credit tsunami,” which makes many economists and central bankers bug-eyed. Spaventa (2009) first casted doubt on economists and economics: does economic theory has essential deficiencies? Or economists can not see around corners, nor are they perspicacious but helpless.  

Before the crisis, there was a general consensus among academic economists and central bankers about the science of monetary policy strategy, whereby monetary policies were formed under an economic environment full of market uncertainty and imperfect information. In general, strategic thinking involves a set of target objectives, policy instruments, particular procedures and general rules, so as to ensure policy effectiveness, consistency and sustainability (Mishkin, 2010).

The global financial crisis has taught us to question our beliefs about the way we conduct monetary policy and broader financial stability strategy. Blanchard et al. (2010) once reviewed the main elements of pre-crisis consensus on macroeconomic theory, and identified what we learned from the 2007-2009 financial crises and what tenets of the pre-crisis framework would still hold. In Table 4, Blanchard summarizes the comparison of macroeconomic stability policies in pre- and post- crisis periods. Among others, one important implication from this comparison indicates: monetary policy, especially the inflation targeting approach, dominated fiscal policy and financial regulation in the “Great Moderation”; however, coping with economic downturn, monetary policy becomes fatigue, and instead fiscal and financial stabilizers become more powerful, and three policy tools shall be considered together during the whole boom-bust cycle. 
Table 4 Comparison of Macroeconomic Stability Policies

	Pre-crisis Consensus
	Lessons from Crisis
	Implication for Policy Design

	The Great Moderation: a victory of economics
	Need to reinterpret the Great Moderation
	Designing better automatic fiscal stabilizers

	Set inflation rate at around 2 percentage
	Low inflation limits the scope of MP in deflationary recessions 
	Combining monetary and regulatory policy

	One target: stable inflation 
	Stable inflation may be necessary, but is not sufficient
	Should the inflation target be raised to 4 percentages 

	One instrument: policy rate
	Financial intermediation matters
	Inflation targeting and foreign exchange intervention

	A limited role of fiscal 
policy
	Countercyclical fiscal policy is an important tool
	Creating more fiscal space in the good times

	Financial regulation: 
not a macroeconomic policy tool
	Regulation is not macro-economically neutral
	Providing liquidity more broadly


Source: IMF Staff Position Note, Feb. 12, 2010

Before the global financial tsunami, most economists and policymakers thought of monetary policy as having one target, i.e. the stable inflation, and one instrument, i.e. the policy rate, and the Tinbergen Rule would hold
. So long as inflation was stable, the output gap was likely to be small and stable and monetary policy did its job. But the crisis has made clear that policymakers have to watch many targets, including the composition of output, the behavior of asset prices, and the leverage of different agents. It has also made clear that they have potentially many more instruments at their disposal than they used to before the crisis. The challenge is to learn how to use these instruments in the best way, because the Tinbergen Rule might not still hold if there exist objective frictions among multiple targets at the same time.

The most important lesson of the global crises is: price stability is no longer separable from financial stability, and it is systemic risk that the central bank and the regulatory authority should pay much closer attention to than before. Systemic risk is a complex function of all sorts of linkages, arising from cross correlated and pro-cyclical asset prices, market frictions, interconnectedness, and such like. This is what makes the role of the central bank in managing systemic risk essential. 

At the most basic level, of course, control of systemic risk will require strong prudential oversight of individual financial institutions and markets. But that is not enough. A shock in the financial market or in the real sector can quickly spill over into another, and in the process be dramatically amplified. For this reason, systemic risk control should be approached from a macro-prudential perspective in which the real and financial sector linkages take center stage (Bank of Korea, 2012).

2.2.3 Intraday Liquidity Management
RTGS systems eliminate the settlement risk from unwinding because payments are settled irrevocably, and with finality, on an individual gross basis and in real time. However, the elimination of settlement risk comes at the cost of an increased need for liquidity to smooth non-synchronized payment flows. Since 2008, Basel Committee on Banking Supervision (BCBS) has issued a series of reports on intraday liquidity management; some key points are summarized as below:

(1)  BCBS (2008) published the sound principle report, in which Principle 8 identifies six operational elements that should be included in a bank’s strategy for managing intraday liquidity risk, and indicates that a bank should:

· have the capacity to measure expected daily gross liquidity inflows and outflows, anticipate the intraday timing of these flows where possible, and forecast the range of potential net funding shortfalls that might arise at different points during the day;

· have the capacity to monitor intraday liquidity positions against expected activities and available resources (balances, remaining intraday credit capacity, available collaterals);

· arrange to acquire sufficient intraday funding to meet its intraday objectives;

· have the ability to manage and mobilize collaterals as necessary to obtain intraday funds;

· have a robust capability to manage the timing of its liquidity outflows in line with its intraday objectives; and

· be prepared to deal with unexpected disruptions to its intraday liquidity flows.

(2)    BCBS (2010) published the Basel III liquidity rules report, which set out two new minimum liquidity standards: the Liquidity Coverage Ratio (LCR) and the Net Stable Funding Ratio. Although the LCR is designed to promote the short term resilience of a bank’s liquidity risk profile, currently, it does not include intraday liquidity within its calibration
. 

  (3)   BCBS (2012) published the monitoring indicators report, which proposes a set of indicators and four scenario stress tests aiming to provide supervisors with sufficient information on intraday liquidity risks or on how well risks are managed. They are:
 Indicators

· Daily maximum liquidity requirement

· Available intraday liquidity

· Total payments

· Time-specific and other critical obligations

· Value of customer payments made on behalf of financial institution customers

· Intraday credit lines extended to financial institution customers

· Timing of intraday payments

· Intraday throughput
Scenario stress tests
· Own financial stress: A bank suffers, or is perceived to be suffering from, a stress event
· Counterparty stress: A major financial institution counterparty suffers an intraday stress event which prevents it from making payments
· Customer stress: The customer bank of a correspondent bank suffers a stress event
· Market-wide credit or liquidity stress
3.  Assessment of PSS in Monetary Policy and Financial Stability
Unlike those inflation targeting countries, the CBC still holds fast to monetary aggregates as its intermediate target with growth as well as inflation as its final goals, while putting price stability as the first priority of the monetary policy.  Over time, the relationship of money and prices has become too loose in Taiwan with low inflation rates in past decade, and there have been large and volatile cross-border portfolio flows following the trade liberalization and financial deregulation. 

In this view, the CBC shifts its monetary target from narrow money M1B to broad money M2, since M2 comprises components concerning both transaction and precaution purposes and less subject to portfolio shifting. However, income velocity of M2 has been continuously declining and fluctuating since 2000. That implies demand for money M2 has become less stable, a situation also seen in advanced countries like the United States, Japan and euro-area. 

In Taiwan, banks are urged by the CBC to maintain an appropriate degree of liquidity in their assets on balance sheet. Qualified assets for liquidity reserves include excess reserves, net dues from banks, treasury bills, net holdings of NCDs issued by the CBC, banker’s acceptances, commercial acceptances, commercial papers, as well as bank debentures, government bonds, corporate bonds, and redeposit of less than one year for designated banks. Some of these legal liquidities are liquidity with high degree of quality, including government bonds and NCDs issued by the CBC, which are often used as collaterals to pledge for intraday overdrafts. 

The ratio of legal liquidity requirement has been raised from 7% to 10% in October 2011.  According to this ratio, required liquidity reserves in December 2011 registered NTD 2.6 trillion, but actual value reached as high as NTD 8.1 trillion. Such a precautionary demand for liquidity is concerned with the impetus to money holding generated by uncertainty about the timing of cash inflows and outflows, and others. 
3.1 Stylized Facts
In the following study, we assess the effect of payment system reforms on central bank’s monetary and financial stability policy.  On the one hand, reforms to improve the efficiency of interbank payment systems have the potential to improve welfare by increasing the demand for inside money (demand deposits created inside the banking system) and reducing the need for outside money (currency and reserves, created by the central bank and therefore outside the banking system). On the other hand, the improvement of settlement efficiency in centralized wholesale payment systems reduces the need for banks’ liquidity and excess reserves, and thus helps credit creation. 

Graph 6 summarizes some stylized facts about Taiwan’s macroeconomic and monetary variables, including payment systems. The data show that both money supply and demand become more volatile and uncertain. First, there is a trend shifting from outside monies to inside monies that make the monetary velocity become more sensitive to domestic and foreign risky asset prices and, therefore, money balances for transaction purposes have been fluctuating above what standard policy variables and domestic interest rates could capture. The uncertainty of money volatility raises precautionary demand for liquidity in banking sector. Secondly, there is an obvious trend that income velocity of money continuously declines, which implies money growth is faster than real economic growth in the past two decades.  This trend of money velocity might be attributed to financial innovation and technological improvement in the financial sector, and to the fact that monetary policy influences the decision of agents to devote resources to the creation of money substitutes, for example, increasing RTGS (electronic-based payment) vs. declining DNS (paper-based bills of exchange). Thirdly, financial liberalization and globalization which enhance a great deal of cross-border portfolio shifts are also the root cause of the volatility and growth in real money balance.
Graph 6 Some Stylized Facts about Taiwan


3.2 Model Specification 

A simple and fairly standard money demand model will be set out to clarify how well-functioning payment systems may affect the amount of funds intermediated by the banks.

In this study, the balance sheet approach and real data will be adopted to examine the impact of wholesale payment systems on monetary and financial stability, especially focusing on the variation of income velocity of broad monetary aggregate M2 and financial intermediation of monetary institutions.  

3.2.1 The Determination of Income Velocity of Money

We assume a representative agent who wants to keep a fraction of their nominal income in the form of liquidity services. These services are generated by three assets: deposits D, a quasi-liquidity of bonds B and a complete liquidity of cash C according to a constant elasticity of substitution. Then a modified quantity theory can be written as:

【(γ(D+B)) -δ + C -δ】-1 / δ  = k*P*y                                                                                  

Parameter γ is a weighted index imposing on deposits and bonds for effecting payments. Therefore, γ * (D+B) is in a broad sense of reserve money R. The Marshallian k ratio has been estimated to represent the demand for money, and income velocity of money is defined as V = (Py/M2) = (1/k). In many empirical studies, V is determined by the same factors as demand for money, which is assumed to capture motives for transaction, precaution and speculation purposes and is perceived as a function of real income, real interest rates and other factors. If an agent is assumed to maximize his utility from holding broad monetary base by setting the marginal product of currency equal to the marginal product of deposits D and bonds B, then the currency to deposits ratio C/D and R/D may be expressed as a linear function of deposits with proportion of γ for transaction purposes. In all, income velocity of money V can be expressed as below:
V = F1 [ y (+), (id12-PCPIG) (?), ((C+R)/D) (-), γ (?)…]                                            (1)
Where V by Cambridge School’s quantity theory also represents demand for money. Accordingly, the real income elasticity of y is supposed to have positive effect on V, and real interest rate elasticity of 12 month term deposits (id12-PPCIG) is supposed to be negative, but may be not. As for C/D and R/D, each one shall be negative. Let δ = (C+R)/D, being a substitution ratio between outside money and inside money. The ratio reflects competition of inside and outside monies in payment service markets. However, the effect of γ is not clear, what we know about γ is a weighted index of required reserves ratios and required liquidity ratios.  
3.2.2 Determination of Turnover of Demand Deposits Balances
Let γ represent the functional payment systems to transfer funds across banking accounts between the payer and the payee. More specifically, let turnover of deposits MTV (defined as total debit amounts of demand deposits, including checking, passbook and passbook savings deposits, divided by total balances of the said deposits accounts during a certain period) be a function of financial intermediation LY as well as turnovers of Deferred Netting System (DNS), Real Time Gross Settlement (RTGS) system and Securities Settlement System (SSS) respectively, and express γ as follows:

MTV = F2 [LY (+), DNS (+), RTGS (+), SSS (+)…]                                                  (2)
We assume: the more efficient performance of financial intermediation and payment systems, the higher turnover speed of inside money in circulation.  
3.2.3 Determination of Financial Intermediation

A representative bank’s balance sheet is given by

H = Mf + L + Mb = D + C = Md  = k*P*y                                                             

Where net foreign assets Mf, banks’ loans L and banks’ net securities investments Mb (including NCDs issued by the CBC) together constitute the asset side, and deposits D and currency in circulation C constitute the liability side, of consolidated balance sheet in monetary institutions. 

The essential businesses of monetary institutions mainly take deposits to create credit. For this purpose, banks need to keep a fraction of their assets in the form of liquidities, composed of a part of deposits D and bonds B with a constant elasticity of substitution. In light of financial innovation such as securitization, both assets and liabilities in banks’ balance sheet can be re-circulated to generate additional deposits and credit. To simplify our analysis, we assume that credit creation and bonds investment are perfectly substitutive on bank’s own right. To assess the impact of introducing an efficient payment system on financial intermediation LY (an increasing financial leverage of the economy), Merrouche, Quarda and Nier Erlend (2009) defined LY as total bank loans divided by nominal income L/Py to characterize the process of credit acceleration. In this study, we want to investigate: 1. Whether improvement in wholesale payment technology enhances the security and speed of inside money as a payment medium and thus affects the split of inside and outside monies; 2. The substitution effect between banks’ credit creation and net foreign assets and portfolio assets. Thus, let LY be a function as below:
LY = F3 [ y (+), il12-id12-PCPIG(?), Mf/H (-), Mb/H (-), V(-), γ (?)…]                   (3)
The supposed effects of real income, real interest rate, substitution ratio between foreign and domestic bonds investment and payment systems are given in the parenthesis. 
3.2.4 VAR Model 

VAR(PCPI, y, V, LY, MTV)                                                                                         (4) 

Given the model specified as above, we also run regression to estimate and test a VAR model composed of consumer price index (PCPI), real income (y), income velocity of money (V), financial intermediation (LY), and turnover of demand deposits balances (MTV). These variables of interest are all transformed into logarithmic form for linearization. The VAR model is used to examine real data for impulse response and variance decomposition analysis. 
3.3 Empirical Analysis
3.3.1 OLS Estimation and Stability Tests

3.3.1.1 Data and Unit Root Test
Primary data are monthly frequency except real income y, which is interpolated from quarterly into monthly against the coincident index of business indicator. All primary data are in lack of seasonal adjustment. This empirical study covers sample period from 2000.01 to 2011.12 with a total of 144 observations.      

Table 5 summarizes the results of ADF unit root test on variables of interest. In the I(0) tests with either exogenous constant 
[image: image1.wmf]m

t

, or constant and linear trend
[image: image2.wmf]t

t

, or none, respectively, the results indicate original log label data of interest are almost not stationary except with exogenous
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by Schwarz Information Criterion (SIC), while I(1) tests with data differencing by 12th lag period are all stationary with neither exogenous constant nor trend term by SIC critical levels. In this study, all variables are transferred into logarithm and differenced by 12th lag period except interest rates and price indexes in OLS regression; and logarithmic data are used in VAR regression.  
Table 5 ADF Unit Root Test

	
	Level 
I(0)
	Difference
I(1)

	Variables
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	None
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	None

	Log(V)
	12#
	13
	12
	5
	5
	5

	
	-1.216360


	-4.767392

***
	-1.392477
	-5.497308
***
	-5.483101
***
	-4.744175
***

	Log(MTV)
	12
	2
	12
	0
	0
	0

	
	-0.886123
	-4.180834
***
	-2.226161
**
	-6.937450
***
	-6.912936
***
	-6.238462
***

	Log(LY)
	13
	13
	12
	12
	12
	12

	
	-3.718942

***
	-3.866838

**
	0.039025
	-2.742712
*
	-2.778422
***
	-2.749720
***

	Log(y)
	12
	13
	12
	5
	5
	6

	
	-0.348855
	-4.467357

***
	1.767204


	-5.266781
***
	-5.269595
***
	-2.889891
***

	Log(PCPI)
	0
	0
	0
	0
	0
	0

	
	-0.760622
	-3.449973

**
	1.316051


	-3.912224
***
	-3.979274
**
	-3.150117
***


Note: (1)
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Exogenous: Constant; 
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Exogenous: Constant with Linear Trend; None: neither Constant nor Trend.
             (2) *** indicates significant at 1%, ** significant at 5%, and * significant at 10% by Schwarz Info Criterion.
             (3) # refers to optimal lag length, selected by Schwarz Information Criterion automatically.  

3.2.1.2 OLS Estimation and Stability Tests
Schmitt-Grohé and Uribe (2012) once simplified the Ramsey equilibrium conditions and exploited the insight that Ramsey equilibrium conditions are linear in the steady-state value of the vector Lagrange multipliers. They then developed a projection-based OLS approach (an inverse procedure of regression) for the steady state and the Ramsey dynamic equilibrium. It proved that OLS procedure yielded an exact numerical solution for the steady state and second order accurate dynamics. It gives an insight that OLS regression can also be used to fit the steady state and the dynamic. In a dynamic equilibrium, a deterministic steady state renders all variables (endogenous and exogenous) to vary at a constant speed. 
Table 6 OLS Estimation of Income Velocity of Money M2 
Table 6 displays the estimated coefficients of variables of interest and relevant statistics for inference. 

The equation of income velocity of money M2 is fitted with R-Squared value 0.967. The fitted coefficients show that:

· The coefficient of lag one period of dependent variable is 0.815 and significant, which implies there is a long run adjustment to approximate steady state once it is hit by an exogenous shock. The Durbin-Watson statistic is 1.813, however, which is not appropriate as a test for serial correlation in this case, since there is a lagged dependent variable on the right-hand side of the equation.
· The real income coefficients are very significant with current period value 1.050 and lagged one period value -0.854. That means the impact of real income on money velocity has short-run positive effect. 
· The real interest rate coefficient is tiny and not very significant. 
· The coefficient of (C+R)/D ratio is significant and -0.046, implying the increase of inside money D may crowd out outside money C+R in the public’s money holding, or crowd in outside money in consolidated balance sheet of monetary institutions. 
· The impact of the payment system on income velocity of money M2 is -0.002 and not very significant. 

· To justify the estimation, the most powerful method is to use Recursive Least Square (RLS) to test coefficients constancy and residuals convergence, including the CUSUMSQ test. The results are shown in Appendix 4. 
Table 7 OLS Estimation of Turnover of Demand Deposits Balances

Table 7 shows that the turnover of demand deposits (MTV) equation is fitted with R-Squared value 0.713, and the DW statistic is 1.429. The estimated coefficients tell us:
· The coefficient of lagged one period dependent variable is 0.316 and significant. The Durbin-Watson statistic is a test for first-order serial correlation. However, if there are lagged dependent variables on the right-hand side of the regression, the DW test for serial correlation is no longer valid. 
· The impact of financial intermediation LY on MTV is 0.824 and statistically significant. That implies domestic financial intermediation works significantly to turn idle inside money in banking system into active operation in real activities. 
· The performance of DNS system (refers to check clearing system), RTGS system (including CBC’s CIFS system and FISC’s NIRS system) and SSS system (securities settlement systems) altogether have significant contribution to support the turnover of demand deposits in the banking sector, among which the coefficient of DNS and SSS are 0.242 and 0.193 respectively, higher than 0.180 of RTGS system. Since demand deposits are classified as inside money (commercial bank money) for the general payment purposes, while RTGS system mainly uses outside money (central bank money) for interbank funds transfer purposes, it turns out that centralizing large value payment to RTGS system with central bank money as final settlement assets has significant contribution to promote the general performance of payment systems on the whole. 
· The RLS stability tests on the coefficients constancy and residuals convergence of the turnover of demand deposits equation are enclosed in Appendix 5. 
Table 8 OLS Estimation of Financial Intermediation

Table 8 shows that the financial intermediation equation is fitted with the R-Squared value 0.974. The estimated coefficients tell us:
· With long-run partial adjustment process, the coefficient of lagged one dependent variable is positive 0.530 and significant by t-statistic at 1% critical level. The Durbin-Watson value is 1.288, indicating positive serial correlation in the residuals. 
· The real income coefficients are very significant with current period value -0.537 and lagged one period value 0.646. That means the impact of real income on financial intermediation has short-run negative effect and long-run positive effect.
· Under profit orientation, when commercial banks always concern themselves about real interest rates spread between loans and deposits, the estimated coefficient is significant at 10% critical level but very trifling. 
· From the point of view of banks’ balance sheet, the increase in net foreign assets Mf and domestic portfolio investment Mb will decrease the capacity of credit creation. The coefficient of Mf/H is -0.14, compared to Mb/H -0.06. Both are significant as well. That means 1% increase in Mf/H and Mb/H will together crowd out 0.20% opportunity of credit creation.
· The impact of turnover of demand deposits MTV (implying functional payment systems) on financial intermediation is negative 0.005 and not very significant. 
· The coefficient of income velocity of money (in a sense, the demand for money) is -0.477 and has significant effect on the financial intermediation.
· The RLS stability tests on the coefficients constancy and residuals convergence of the turnover of demand deposits equation are enclosed in Appendix 6. 
3.3.2. VAR Model and Tests

3.3.2.1 Causality and Cointegration Tests
The ordering priority of variables in VAR model is justified by the Granger causality test as shown in Appendix 7. However, in this Granger causality testing, all variables of interest display significant two-way causality between each other except pair variables (LLY, MTV). That implies they shall be determined simultaneously. According to Johansen Cointegration Test (see Appendix 8), both Trace and Maximum Eigenvalue statistics indicate at most one to four cointegrated relationships among variables of interest in the VAR with statistical significance at 5% critical value. 
The cointegration tests are used to find whether there exits a long run equilibrium relationship between endogenous variables and their determinants. Empirical analysis of data with multiple cointegrated vectors is harder than a single equation. The existence of multiple cointegrated vectors implies there is cross interaction among variables of interest in the VAR model, so it needs multiple adjustments to stabilize the system. For example, if there are two imbalance, and two corresponding tools, such as monetary policy and fiscal policy, then to solve the economic disequilibrium, each tool or their mix must be used depending on the sources of the disturbances. In this sense, the existence of cointegrated vector implies disequilibrium adjustment (or Error Correction, EC) moving toward a long-run steady state. Therefore, when there are multiple cointegrated vectors in an unrestricted VAR model, it would be better to introduce vector error correction (VEC) to help anchor economic turbulence.  For this reason, both estimated results of VAR and VEC are enclosed in Appendices 9-10. The lag length of VAR is selected by Schwarz Information Criteria automatically (see Appendix 11). 
3.3.2.2 VEC Estimation and Impulse Response
With the estimated VEC, we see how and to what degree each equation in VEC responses to a shock, hitting one single equation and watching whether the impulse response of every equation in the VAR moving toward convergence. The impulse response resulting from Generalized one S.D. innovation is shown in Appendix 12. 
Assuming a once-and-for-all shock, like a natural disaster, suddenly causes prices PCPI to jump beyond normal level, all other variables in the VAR system will respond to such a price shock in their own ways. For example, disaster reconstruction and emergency rescue may enhance both real and financial activities in initial periods; then, with the impact of the shock fading out period by period, all variables of interest fluctuate up and down and converge to initial or new steady states. 
3.3.2.3 Variance Decomposition
While impulse response function trace the effects of a shock to one endogenous variable onto the other variables in the EC, variance decomposition separates the variation in one endogenous variable into the component shocks to the VEC. Thus, the variance decomposition provides information about the relative importance of each random innovation in affecting the variables in the VEC.

Table 9 summarizes variance decomposition of each equation in the VEC. Assuming the whole system of VEC encounters multiple innovations at period 1, and then starting from period 2, the variation of each endogenous variable can be decomposed into the share percentage according to the source of innovations. For instance, at period 24, the variation of consumer price (PCPI) can ascribed itself to 50.55%; real income (y) 10.28%; income velocity of money (V) 2.18%; financial intermediation (LY) 15.00%; and turnover of demand deposits accounts (MTV) 21.99%. However, their relative influence may vary period by period (see Appendix 13). 
Table 9 A Summary of Variance Decomposition
4. Policy Implications
In this paper, we try to find the practical role of payment system in monetary policy and financial stability in a simplified model, which is composed of three functions, namely, the income velocity of money (implying demand for money), the turnover of demand deposits balance (implying payment system) and the ratio of bank loans to real GDP (implying financial intermediation). We adopt balance sheet approach and real data to fit these three equations with OLS.  We assume a partial equilibrium economy and use only a few limited variables to fit the said models specified for the purpose of this study, even though there might exist omission of important explanatory variables or positive serial correlation. After then, a reduced form of VAR model is fitted with error correction to examine the interaction among the variables of interest by means of variance decomposition. 
From the estimated results of OLS regressions, we may draw some findings described as below: 

· The impacts of the payment system MTV on demand for money M2 and financial intermediation LY are very tiny and not very significant.

· For all that, the performance of three domestic SIPSs (DNS, RTGS and SSS) has significant contribution to support the turnover of demand deposits in the banking sector. Besides, the impact of LY on MTV is 0.824 and significant, implying domestic financial intermediation works well to turn idle inside money in banking system into active operation for payment services. 
· Since demand deposits are classified as inside money (commercial bank money) for the general payment purposes, while RTGS system mainly uses outside money (central bank money) for interbank funds transfer purposes, it turns out that centralizing large value payment to RTGS system with central bank money as final settlement assets has significant contribution to promote the general performance of payment systems on the whole.
· The marginal substitution ratio between outside money and inside money is small but still significant, implying 1% increase in inside money D may crowd out 0.046% outside money C+R in the public’s money holding, while crowding in the same percentage of outside money in consolidated balance sheet of monetary institutions.
· The coefficient of Mf/H and Mb/H are significant with value -0.14 and -0.06 respectively. That implies 1% increase in Mf/H and Mb/H together will crowd out 0.20% of capacity in banks’ credit accommodation. However, both net foreign assets Mf and portfolio assets Mb may be pledged by banks with the central bank as collaterals for exchanging intraday liquidity accommodation. 
· On the whole, demand for broad money M2 in Taiwan is still stable, according to the stability tests on coefficients constancy, residuals convergence and CUSUM Square by recursive least square (RLS).
Since VAR model has been widely used by central banks to exercise their policy responses, if the five endogenous variables in the estimated VEC systems represent the stochastic turbulences coming from price inflation, income growth, money demand, financial intermediation and payment system respectively, then the resulting variance decomposition from the estimated VEC implies that:  
In Taiwan, 

· Price volatility mainly comes from market demand and supply factors; the second source comes from payment system turbulence, while monetary shocks share the smallest proportion of price fluctuations.
· Growth volatility mainly comes from real growth shocks; the second source is consumer price fluctuations, while financial shocks contribute relatively small shares to growth fluctuations. 
· Monetary variation is mainly ascribed to volatilities in real growth and consumer price factors; while turbulence in payment system has more impact than financial turbulence on the monetary volatility. 
· Financial variation is mainly ascribed to volatilities in real growth factors; turbulence of consumer price and demand for money have almost the same impact on financial volatility; while payment turbulence share the least proportion of financial volatility.
· Payment system volatility mainly comes from itself; the second one comes from real growth factors; while financial shocks share a larger proportion of payment volatility than monetary shocks. 
For a small open economy with an export-oriented policy to drive growth, Taiwan’s accumulation of huge savings in household sector and liquidity in banking sector create a capital buffer to resist stochastic shocks from the exports and imports sector. These broad senses of liquidity and deposits (inside money) have been used to support daily large value transfers in need for interbank payment and settlement purposes. Meanwhile, conventional base money, currency in circulation and reserve money (outside money), is widely used to support people’s daily broad transactions. Such a parallel processing of inside money and outside money competing with payment services markets not only significantly affects the demand for money, but also influences financial intermediation.  
During the 2008-2009 financial crises, many central banks have been entrusted to play the first resort of settlement liquidity as well as the last resort of tenders. Meanwhile, commercial banks are expected to actively manage its intraday liquidity positions and risks to meet payment and settlement obligations on a timely basis under both normal and stressed conditions. Thus, together, they work to streamline the payment and settlement systems, to prevent financial intermediation from disruption, and to maintain the public confidence in money holding and portfolio investment. 
A stable demand for money is the prerequisite for conducting monetary policy, especially for the monetary targeting regime. The payment system is supposed to act a transmission channel through which the central bank conducts its monetary policies. In practice, the linkage between payment systems and monetary policy depends on the design and management of intraday liquidity facilities/markets; while the linkage between payment systems and financial stability depends on the settlement arrangements – DNS, RTGS or hybrid. Both settlement arrangements and intraday liquidity facilities aim at addressing the payment float problem, which may produce potential settlement risk and financial instability.
 So far, many studies have tried to link the payment system with monetary policy; also, many studies have been devoted to linking monetary policy and financial stability, but, so far, only a few studies have considered linking these three objectives together. One difficulty is that there are conflicts among the three objectives. Monetary policy pursues price stability, while payment systems pursue security and efficiency. And though financial stability itself may be an objective, it lacks a unified definition acceptable for every field. The challenge is to learn how to use policy instruments in the best way, because Tinbergen Rule might not still hold if there exist objective frictions among multiple targets at the same time.

William Poole (1970) once developed a simple stochastic IS-LM model to explore the choice between money-supply control and interest-rate control in a closed economy.  The main arguments can be abstracted as: 1. It will be no difference with respect to choice between targeting money supply and interest rate if there are no uncertainties in both real and monetary sectors. 2. If shocks (an uncertainty error) happen to the real sector only, it is better for central banks to target money supply than to interest rate, and vice versa.  3. If shocks occur in both sectors, policy choice will depend on the relative volatility between real and money sectors. If monetary shocks are less volatile than real shocks, then money supply will be more preferable than interest rate as an intermediate target. 4. If the central bank captures full information about the relationship between money supply and interest rate, then targeting both money supply and interest rate will be more powerful than targeting individual variables.  Poole’s “principle of comparative efficiency” provides the natural analytical benchmark. This is consistent with the “principle of effective market classification” by Robert A. Mundell (1962) according to which “policies should be paired with the objectives on which they have the most influence.”
In all, statistical inferences reveal that payment systems have no significant influence on the demand for money and financial intermediation. This suggests that it would be better to segregate payment system from monetary and financial stability rather than to combine them together. In an environment full of conflicts and interdependence, Poole’s principle or Mundell’s principle shall be more effective than Tinbergen Rule (one instrument targeting one objective). However, when the number of objectives is more than two, for example three, the system would become too complex to handle.  
5. Conclusion    
This study aims at exploiting the insight into the state of Taiwan’s payment and settlement systems and their practical roles in relation to monetary policy and financial stability. For this purpose, we set up a simplified model, which is composed of three functions, namely, the demand for money, the payment system and the financial intermediation. We adopt balance sheet approach and real data to fit these three equations with ordinary least square (OLS) and vector error correction (VEC). Following the estimation, we run a series of tests, including stability tests, impulse response, and variance decomposition.
In this study, we try to explore the impact of payment system on monetary policy and financial stability. However, the empirical results show that the coefficients of payment systems on monetary demand and financial intermediation are very tiny and also not very significant.   

The implications of the empirical findings on the practice and policy can be summarized as below: 

· Typically, intraday liquidity can be obtained directly from the central bank. In contrast, interday liquidity is usually made available to banks through money markets. Whatever it may come from central banks or markets, the empirical results imply that it would be better in practice to segregate intraday from interday liquidity markets so that intraday market is mainly used for settlement purpose, while interday market is used for signaling the monetary policy. 
· Meanwhile, when pursuing multiple objectives, such as stability of payment, finance and price, the authority must choose appropriate policy instruments according to the sources of shocks, and each set of policy instruments should be paired with the objectives on which they have the most influence. Such an arrangement of policy instruments to the multiple objectives would limit the need of policy coordination. However, when there are conflicts among the multiple objectives they pursue and the spillover effects are large enough, the coordination of relevant authorities shall be required.        
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Appendix 1 Chart of Payment and Settlement Systems in Taiwan



Appendix 2 Penetration Ratio of Non-Cash Instruments in Taiwan

	By Volume (%)
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011

	Paper-based
	
	
	
	
	
	
	
	
	
	

	Checks
	14.610
	12.847
	11.333
	10.178
	9.648
	9.274
	8.546
	8.377
	7.851
	7.187

	Card-based
	78.976
	80.787
	81.995
	82.743
	81.775
	79.605
	79.645
	78.367
	77.528
	76.943

	1. ATM cards
	50.877
	49.522
	48.908
	47.896
	47.012
	48.180
	48.079
	43.521
	41.993
	40.477

	2. Credit cards
	28.000
	31.170
	32.986
	34.661
	34.519
	31.109
	31.176
	34.281
	34.669
	35.351

	3. Debit cards
	0.098
	0.095
	0.100
	0.186
	0.244
	0.316
	0.390
	0.565
	0.866
	1.115

	Electronic-based
	0.624
	0.788
	1.207
	1.706
	3.197
	5.600
	6.341
	7.404
	8.977
	10.424

	1. FEDI
	0.075
	0.123
	0.159
	0.172
	0.179
	0.193
	0.203
	0.192
	0.168
	0.147

	2. FXML
	0.000
	0.000
	0.000
	0.002
	0.004
	0.007
	0.013
	0.034
	0.166
	0.290

	3. Internet banking 
	0.007
	0.008
	0.010
	0.017
	0.016
	1.047
	1.208
	1.399
	1.433
	1.496

	4. Mobile banking
	0.007
	0.012
	0.011
	0.009
	0.008
	0.006
	0.005
	0.005
	0.004
	0.003

	5. Bill payment 
	0.000
	0.000
	0.103
	0.313
	0.509
	0.352
	0.211
	0.325
	0.468
	0.652

	6. On-batch media
	0.521
	0.424
	0.380
	0.208
	0.621
	1.080
	1.300
	1.546
	2.276
	3.084

	7. ACH
	0.015
	0.221
	0.543
	0.984
	1.861
	2.915
	3.401
	3.903
	4.462
	4.751

	Large Value EFT
	5.791
	5.578
	5.465
	5.373
	5.380
	5.522
	5.468
	5.852
	5.645
	5.447

	1. CIFS
	0.040
	0.036
	0.045
	0.052
	0.053
	0.052
	0.054
	0.050
	0.047
	0.046

	2. NIRS
	5.751
	5.542
	5.420
	5.320
	5.327
	5.470
	5.414
	5.802
	5.598
	5.401

	Total 
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100


	By Value (%)
	2002
	2003
	2004
	2005
	2006
	2007
	2008
	2009
	2010
	2011

	Paper-based
	
	
	
	
	
	
	
	
	
	

	Checks
	11.762
	9.992
	8.065
	6.257
	6.181
	5.635
	4.817
	4.032
	3.806
	3.822

	Card-based
	2.863
	2.896
	2.950
	2.742
	2.624
	2.718
	2.924
	2.074
	1.985
	2.010

	1. ATM cards
	2.541
	2.542
	2.568
	2.370
	2.265
	2.361
	2.595
	1.760
	1.673
	1.671

	2. Credit cards
	0.321
	0.354
	0.380
	0.371
	0.357
	0.353
	0.326
	0.311
	0.308
	0.332

	3. Debit cards
	0.001
	0.001
	0.001
	0.001
	0.002
	0.003
	0.003
	0.003
	0.004
	0.006

	Electronic-based
	0.356
	0.593
	0.836
	0.836
	0.938
	1.136
	1.244
	0.993
	1.156
	1.420

	1. FEDI
	0.293
	0.482
	0.671
	0.643
	0.630
	0.684
	0.698
	0.582
	0.553
	0.537

	2. FXML
	0.000
	0.000
	0.000
	0.004
	0.005
	0.009
	0.016
	0.035
	0.164
	0.357

	3. Internet banking 
	0.002
	0.003
	0.003
	0.004
	0.003
	0.109
	0.094
	0.084
	0.094
	0.106

	4. Mobile banking
	0.001
	0.002
	0.002
	0.002
	0.002
	0.001
	0.001
	0.001
	0.001
	0.001

	5. Bill payment 
	0.000
	0.000
	0.001
	0.003
	0.007
	0.008
	0.006
	0.009
	0.012
	0.022

	6. On-batch media
	0.059
	0.079
	0.094
	0.076
	0.134
	0.001
	0.001
	0.001
	0.015
	0.032

	7. ACH
	0.001
	0.027
	0.064
	0.105
	0.157
	0.325
	0.427
	0.282
	0.317
	0.365

	Large Value EFT
	85.020
	86.519
	88.149
	90.165
	90.256
	90.511
	91.015
	92.901
	93.052
	92.748

	1. CIFS
	56.434
	56.894
	58.726
	64.314
	63.340
	63.032
	65.828
	71.223
	71.768
	71.129

	2. NIRS
	28.586
	29.625
	29.423
	25.850
	26.916
	27.480
	25.188
	21.678
	21.284
	21.619

	Total 
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100


Source: Author’s calculation.

Appendix 3
	Table 1


Basic statistical data

	
	2006
	2007
	2008
	2009
	2010
	2011

	Population (thousands)
	22,877
	22,958
	23,037
	23,120
	23,162
	23,225

	GDP (NTD billion)
	12,243
	12,911
	12,620
	12,481
	13,614
	13,745

	GDP per capita (NTD thousands)
	536
	563
	548
	540
	588
	592

	Exchange rate (NTD vis-à-vis USD):
	
	
	
	
	
	

	 Year end
	32.596
	32.443
	32.860
	32.030
	30.368
	30.368

	 Average
	32.531
	32.842
	31.517
	33.049
	31.642
	29.464


	Table 2


Settlement media used by non-banks                                                                                                  
NTD billions

	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Banknotes and coins on issue
	960
	962
	1,054
	1,123
	1,205
	1,320

	Transferable deposits
	7,464
	7,457
	7,320
	9,599
	10,461
	10,723

	Others
	
	
	
	
	
	

	Narrow money supply (M1B)
	8,223
	8,220
	8,154
	10,512
	11,457
	11,830

	 Memorandum
	
	
	
	
	
	

	 Broad money supply (M2)
	25,668
	25,883
	27,750
	29,355
	30,953
	32,451

	 Transferable deposits in foreign currencies
	nap
	nap
	nap
	nap
	nap
	nap

	Outstanding value on e-money schemes
	nav
	nav
	nav
	nav
	nav
	nav

	 Of which
	
	
	
	
	
	

	   On card-based products
	nav
	nav
	nav
	nav
	nav
	nav

	   On software- or network-based products
	nav
	nav
	nav
	nav
	nav
	nav


	Table 3


Settlement media used by banks                                                                                                 
 NTD billions

	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Transferable balances held at the central bank
	926
	1,064
	1,075
	1,185
	1,301
	1,405

	Of which
	
	
	
	
	
	

	Required reserves
	920
	1,044
	1,045
	1,090
	1,275
	1,391

	Free reserves
	6
	20
	30
	95
	26
	14

	 Transferable deposits held at other banks
	nav
	nav
	nav
	nav
	nav
	nav

	 Others
	       
	
	
	
	
	

	Memorandum item:
	
	
	
	
	
	

	Institutions’ borrowing from central bank*`
	439
	329
	405
	619
	383
	566


* excluding intraday liquidity
	Table 4


Institutions framework                                                                                                  NTD billions

	(end of year 2011)

Categories
	Number of

Institutions
	Number of

Branches
	Number of

Accounts
	Value of

Accounts

	Central bank
	1
	0
	82
	1,404

	Other monetary financial institutions*
	
	
	
	

	Domestic banks
	38
	3,359
	nav
	3,069

	Local branches of foreign and Mainland Chinese banks
	28
	92
	nav
	83

	Credit co-operative associations
	25
	256
	nav
	50

	Credit departments of farmer/fisherman associations
	302
	858
	nav
	220

	Chunghwa Post Co.
	1
	1,323
	nav
	22

	Total
	395
	5,888
	
	4,848

	  Of which
	
	
	
	

	Virtual institutions
	nav
	nav
	nav
	nav


* including checking accounts and passbook deposits.
	Table 5


Payment instructions handled by selected interbank settlement systems: volume of transactions 
                                                                                                                                                      million 

	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Systematically important PSSs
	
	
	
	
	
	

	CBC-CIFS
	0.82
	0.81
	0.85
	0.73
	0.73
	0.76

	       TCH-CCS
	149.2
	144.6
	134.7
	121.5
	122.5
	117.7

	       FISC-NIRS
	82.4   
	85.3
	85.3
	84.2
	87.4
	88.5

	Total
	232.42
	230.71
	220.85
	206.43
	210.63
	206.96


	Table 6


Payment instructions handled by selected interbank settlement systems: value of transactions 
                                                                                                                                                  NTD billion
	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Systematically important PSSs
	
	
	
	
	
	

	      CBC-CIFS
	244,683
	252,000
	281,280
	312,429
	358,416
	357,166

	      TCH-CCS
	23,879
	22,527
	20,581
	17,687
	19,008
	19,193

	       FISC-NIRS
	103,979   
	109,863
	107,626
	95,094
	106,296
	108,557

	Total
	372,541
	294,390
	409,487
	144,030
	483,720
	394,916


	Table 7


Indicators of use of various cashless payment instruments: volume of transactions 
                                                                                                                                             million
	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Checks
	149.2
	144.6
	134.7
	121.5
	122.5
	117.7

	Cards payments
	
	
	
	
	
	

	      ATM cards
	727.0       
	751.3
	757.6
	631.5
	655.3
	663.0

	       Credit cards
	533.8      
	485.1
	491.2
	497.4
	541.0
	579.0

	       Debit cards
	3.8       
	4.9
	6.1
	8.2
	13.5
	18.3

	E-payments
	
	
	
	
	
	

	Credit transfer
	0.82
	0.81
	0.85
	0.73
	0.73
	0.76

	Direct debits
	7.87
	5.49
	3.32
	4.71
	7.30
	10.68

	Others*
	124.01
	167.10
	181.93
	186.96
	220.07
	248.36

	Total
	1,546.5
	1,559.3
	1,575.7
	1,451.0
	1,560.4
	1,637.8


* Including data of Financial Electronic Data Exchange, Internet Electronic Banking, and Mobile Banking, etc. 
	Table 8


Indicators of use of various cashless payment instruments: volume of transactions  
                                                                                                                                             NTD billion 

	(end of year)
	2006
	2007
	2008
	2009
	2010
	2011

	Checks
	23,879
	22,527
	20,581
	17,687
	19,008
	19,193

	Cards payments
	
	
	
	
	
	

	       ATM cards
	8,750       
	9,441
	11,088
	7,720
	8,353
	8,393

	       Credit cards
	1,380      
	1,413
	1,394
	1,365
	1,539
	1,669

	       Debit cards
	7      
	11
	12
	13
	22
	31

	E-payments
	
	
	
	
	
	

	      Credit transfers
	244,683
	252,000
	281,280
	312,429
	358,416
	357,166

	      Direct debits
	28
	31
	26
	37
	61
	111

	      Others*
	107,575
	114,375
	112,916
	99,414
	112,010
	115,577

	Total
	386,302
	399,798
	427,297
	438,665
	499,409
	502,140


* Including data of Financial Electronic Data Exchange, Internet Electronic Banking, and Mobile Banking, etc. 





	Table 9


Indicators of use of various cashless payment instruments: volume of transaction

                                                                                                                                        Thousands 

	
	2006
	2007
	2008
	2009
	2010
	2011

	Centralized listed stocks exchange system* (million shares)
	175,092
	233,783
	230,430
	279,947
	244,785
	220,104

	Quasi-listed/emerging stocks exchange system (m. shares)
	158,504
	197,675
	105,333
	173,881
	160,906
	104,118

	Secondary Bonds exchange and trading system
	nav
	nav
	nav
	nav
	nav
	nav

	Short-term bills exchange and trading system
	nav
	nav
	nav
	nav
	nav
	nav

	Interbank call loan exchange and trading system
	nav
	nav
	nav
	nav
	nav
	nav

	FX exchange and trading system
	nav
	nav
	nav
	nav
	nav
	nav


* including stocks and ETF
	Table 10


Indicators of use of various cashless payment instruments: volume of transactions
                                                                                                                                              NTD billions  

	
	2006
	2007
	2008
	2009
	2010
	2011

	Centralized listed stocks exchange and trading system
	24,205
	33,527
	26,666
	30,119
	28,890
	26,996

	Quasi-listed/emerging stocks exchange and trading system 
	5,288
	8,854
	3,376
	5,407
	5,872
	4,196

	Secondary bonds exchange and trading system
	275,833       
	194,005
	135,509
	97,547
	106,318
	97,809

	Short-term bills exchange and trading system
	485,513     
	431,962
	462,041
	420,964
	585,775
	567,239

	Interbank call loan exchange and trading system
	23,840      
	20,383
	16,610
	25,707
	35,479
	32,694

	FX exchange and trading system
	127,895
	150,442
	159,736
	131,456
	155,445
	182,288


	Table 11


Number of participants in securities settlement systems

                                                                                                                                                   NTD billions

	
	2006
	2007
	2008
	2009
	2010
	2011

	No. of  Securities Firms

	
	
	
	
	
	

	       Headquarter
	137
	133
	132
	131
	130
	122

	       Branches
	1,050
	1,024
	1,011
	998
	998
	1,028

	Broker
	97
	95
	95
	92
	92
	86

	Dealer
	94
	93
	92
	90
	89
	81

	Underwriter
	57
	55
	59
	58
	57
	57

	Securities Investment Trust Enterprises
	42
	39
	39
	39
	38
	39

	Securities Investment Consulting
	171
	149
	126
	109
	109
	110
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Appendix 9

VAR Estimation
	 Vector Autoregression Estimates
	
	
	

	 Sample: 2000M01 2011M12
	
	
	

	 Included observations: 144
	
	
	

	 Standard errors in ( ) & t-statistics in [ ]
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	LPCPI
	LRY
	LV
	LLY
	LMTV

	
	
	
	
	
	

	
	
	
	
	
	

	LPCPI(-1)
	 0.821436
	 1.224131
	 0.967714
	-0.757801
	-0.824420

	
	 (0.09008)
	 (0.44250)
	 (0.37824)
	 (0.35871)
	 (1.26863)

	
	[ 9.11858]
	[ 2.76639]
	[ 2.55846]
	[-2.11256]
	[-0.64985]

	
	
	
	
	
	

	LPCPI(-2)
	-0.043365
	 0.102405
	 0.155784
	-0.220789
	 2.053845

	
	 (0.11638)
	 (0.57167)
	 (0.48866)
	 (0.46343)
	 (1.63896)

	
	[-0.37261]
	[ 0.17913]
	[ 0.31880]
	[-0.47643]
	[ 1.25314]

	
	
	
	
	
	

	LPCPI(-3)
	-0.104422
	-1.365477
	-1.186586
	 1.107668
	-0.005835

	
	 (0.11264)
	 (0.55331)
	 (0.47296)
	 (0.44854)
	 (1.58632)

	
	[-0.92702]
	[-2.46783]
	[-2.50885]
	[ 2.46950]
	[-0.00368]

	
	
	
	
	
	

	LPCPI(-4)
	 0.094702
	-0.423677
	-0.388119
	 0.216900
	-1.137458

	
	 (0.09131)
	 (0.44852)
	 (0.38338)
	 (0.36359)
	 (1.28588)

	
	[ 1.03716]
	[-0.94462]
	[-1.01235]
	[ 0.59655]
	[-0.88458]

	
	
	
	
	
	

	LRY(-1)
	-0.011547
	 0.496812
	-0.261891
	 0.394375
	 2.664847

	
	 (0.04178)
	 (0.20524)
	 (0.17544)
	 (0.16638)
	 (0.58842)

	
	[-0.27635]
	[ 2.42063]
	[-1.49281]
	[ 2.37036]
	[ 4.52885]

	
	
	
	
	
	

	LRY(-2)
	 0.014585
	 0.365865
	 0.193756
	-0.199485
	-2.983166

	
	 (0.05465)
	 (0.26847)
	 (0.22948)
	 (0.21763)
	 (0.76968)

	
	[ 0.26686]
	[ 1.36279]
	[ 0.84433]
	[-0.91662]
	[-3.87584]

	
	
	
	
	
	

	LRY(-3)
	-0.058566
	-0.168196
	 0.259634
	-0.432867
	 1.429838

	
	 (0.05409)
	 (0.26570)
	 (0.22712)
	 (0.21539)
	 (0.76176)

	
	[-1.08272]
	[-0.63302]
	[ 1.14317]
	[-2.00968]
	[ 1.87702]

	
	
	
	
	
	

	LRY(-4)
	 0.111547
	 0.284366
	-0.190866
	 0.261089
	-1.359264

	
	 (0.04160)
	 (0.20434)
	 (0.17466)
	 (0.16564)
	 (0.58582)

	
	[ 2.68152]
	[ 1.39166]
	[-1.09277]
	[ 1.57620]
	[-2.32027]

	
	
	
	
	
	

	LV(-1)
	 0.370443
	 0.435191
	 1.012904
	-0.068796
	 0.438434

	
	 (0.10308)
	 (0.50634)
	 (0.43281)
	 (0.41047)
	 (1.45167)

	
	[ 3.59371]
	[ 0.85948]
	[ 2.34028]
	[-0.16761]
	[ 0.30202]

	
	
	
	
	
	

	LV(-2)
	-0.322046
	-0.515288
	-0.251633
	-0.032948
	-4.879814

	
	 (0.13939)
	 (0.68469)
	 (0.58526)
	 (0.55504)
	 (1.96298)

	
	[-2.31042]
	[-0.75258]
	[-0.42995]
	[-0.05936]
	[-2.48592]

	
	
	
	
	
	

	LV(-3)
	-0.069653
	-0.267566
	-0.158471
	 0.667615
	 6.182102

	
	 (0.14293)
	 (0.70211)
	 (0.60015)
	 (0.56916)
	 (2.01292)

	
	[-0.48730]
	[-0.38109]
	[-0.26405]
	[ 1.17297]
	[ 3.07121]

	
	
	
	
	
	

	LV(-4)
	-0.040655
	 0.075795
	 0.102480
	-0.283985
	-0.609796

	
	 (0.10193)
	 (0.50068)
	 (0.42797)
	 (0.40587)
	 (1.43542)

	
	[-0.39887]
	[ 0.15138]
	[ 0.23946]
	[-0.69969]
	[-0.42482]

	
	
	
	
	
	

	LLY(-1)
	 0.402394
	 0.287753
	 0.051226
	 0.969679
	 1.772867

	
	 (0.09276)
	 (0.45565)
	 (0.38948)
	 (0.36937)
	 (1.30633)

	
	[ 4.33798]
	[ 0.63152]
	[ 0.13152]
	[ 2.62522]
	[ 1.35714]

	
	
	
	
	
	

	LLY(-2)
	-0.327131
	-0.248198
	-0.089843
	-0.191599
	-6.322794

	
	 (0.12703)
	 (0.62397)
	 (0.53336)
	 (0.50582)
	 (1.78890)

	
	[-2.57528]
	[-0.39777]
	[-0.16845]
	[-0.37879]
	[-3.53445]

	
	
	
	
	
	

	LLY(-3)
	-0.123396
	-0.226907
	 0.035408
	 0.381961
	 7.385522

	
	 (0.13342)
	 (0.65536)
	 (0.56019)
	 (0.53126)
	 (1.87888)

	
	[-0.92489]
	[-0.34623]
	[ 0.06321]
	[ 0.71897]
	[ 3.93080]

	
	
	
	
	
	

	LLY(-4)
	 0.093408
	 0.287184
	 0.065287
	-0.246167
	-2.181071

	
	 (0.09319)
	 (0.45777)
	 (0.39129)
	 (0.37109)
	 (1.31240)

	
	[ 1.00232]
	[ 0.62736]
	[ 0.16685]
	[-0.66336]
	[-1.66189]

	
	
	
	
	
	

	LMTV(-1)
	 0.011398
	-0.046824
	-0.026292
	 0.020996
	 0.295445

	
	 (0.00630)
	 (0.03095)
	 (0.02646)
	 (0.02509)
	 (0.08873)

	
	[ 1.80904]
	[-1.51290]
	[-0.99381]
	[ 0.83682]
	[ 3.32962]

	
	
	
	
	
	

	LMTV(-2)
	-0.003953
	 0.003579
	 0.011784
	 0.004224
	 0.151682

	
	 (0.00616)
	 (0.03028)
	 (0.02588)
	 (0.02455)
	 (0.08681)

	
	[-0.64117]
	[ 0.11818]
	[ 0.45526]
	[ 0.17209]
	[ 1.74719]

	
	
	
	
	
	

	LMTV(-3)
	 0.007584
	-0.007318
	-0.000283
	-0.008367
	 0.155693

	
	 (0.00579)
	 (0.02845)
	 (0.02432)
	 (0.02306)
	 (0.08156)

	
	[ 1.30953]
	[-0.25723]
	[-0.01162]
	[-0.36279]
	[ 1.90887]

	
	
	
	
	
	

	LMTV(-4)
	 0.003169
	 0.050946
	 0.035637
	-0.042917
	-0.012032

	
	 (0.00586)
	 (0.02876)
	 (0.02459)
	 (0.02332)
	 (0.08246)

	
	[ 0.54113]
	[ 1.77121]
	[ 1.44945]
	[-1.84060]
	[-0.14591]

	
	
	
	
	
	

	C
	-0.051624
	 1.276813
	 0.922670
	-0.734499
	 5.282753

	
	 (0.13314)
	 (0.65397)
	 (0.55900)
	 (0.53014)
	 (1.87491)

	
	[-0.38776]
	[ 1.95239]
	[ 1.65056]
	[-1.38548]
	[ 2.81760]

	
	
	
	
	
	

	
	
	
	
	
	

	 R-squared
	 0.978779
	 0.959911
	 0.902871
	 0.803043
	 0.891722

	 Adj. R-squared
	 0.975328
	 0.953393
	 0.887077
	 0.771017
	 0.874116

	 Sum sq. resids
	 0.005448
	 0.131464
	 0.096054
	 0.086391
	 1.080560

	 S.E. equation
	 0.006656
	 0.032693
	 0.027945
	 0.026502
	 0.093729

	 F-statistic
	 283.6545
	 147.2591
	 57.16775
	 25.07506
	 50.64823

	 Log likelihood
	 528.7940
	 299.5889
	 322.1843
	 329.8179
	 147.9209

	 Akaike AIC
	-7.052695
	-3.869291
	-4.183116
	-4.289137
	-1.762790

	 Schwarz SC
	-6.619597
	-3.436193
	-3.750018
	-3.856039
	-1.329692

	 Mean dependent
	 4.607905
	 13.79465
	-3.195555
	 2.817300
	 1.283249

	 S.D. dependent
	 0.042372
	 0.151434
	 0.083160
	 0.055384
	 0.264172

	
	
	
	
	
	

	
	
	
	
	
	

	 Determinant resid covariance (dof adj.)
	 1.23E-18
	
	
	

	 Determinant resid covariance
	 5.59E-19
	
	
	

	 Log likelihood
	 2004.436
	
	
	

	 Akaike information criterion
	-26.38105
	
	
	

	 Schwarz criterion
	-24.21556
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Appendix 10 

VEC Estimation 
	 Vector Error Correction Estimates
	
	
	

	 Sample: 2000M01 2011M12
	
	
	

	 Included observations: 144
	
	
	

	 Standard errors in ( ) & t-statistics in [ ]
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Cointegrating Eq: 
	CointEq1
	CointEq2
	CointEq3
	CointEq4
	

	
	
	
	
	
	

	
	
	
	
	
	

	LPCPI(-1)
	 1.000000
	 0.000000
	 0.000000
	 0.000000
	

	
	
	
	
	
	

	LRY(-1)
	 0.000000
	 1.000000
	 0.000000
	 0.000000
	

	
	
	
	
	
	

	LV(-1)
	 0.000000
	 0.000000
	 1.000000
	 0.000000
	

	
	
	
	
	
	

	LLY(-1)
	 0.000000
	 0.000000
	 0.000000
	 1.000000
	

	
	
	
	
	
	

	LMTV(-1)
	-0.163281
	-1.781592
	-0.263979
	-2.694811
	

	
	 (0.02965)
	 (0.43759)
	 (0.08269)
	 (0.70210)
	

	
	[-5.50605]
	[-4.07141]
	[-3.19224]
	[-3.83820]
	

	
	
	
	
	
	

	@TREND(87M05)
	-0.001861
	-0.012390
	 0.000455
	-0.014574
	

	
	 (0.00017)
	 (0.00253)
	 (0.00048)
	 (0.00406)
	

	
	[-10.8634]
	[-4.90182]
	[ 0.95331]
	[-3.59353]
	

	
	
	
	
	
	

	C
	-3.980497
	-8.724249
	 3.432200
	 3.916860
	

	
	
	
	
	
	

	
	
	
	
	
	

	Error Correction:
	D(LPCPI)
	D(LRY)
	D(LV)
	D(LLY)
	D(LMTV)

	
	
	
	
	
	

	
	
	
	
	
	

	CointEq1
	-0.281205
	-0.821306
	-0.683997
	 0.650418
	 2.148004

	
	 (0.06452)
	 (0.32688)
	 (0.28287)
	 (0.26077)
	 (0.96333)

	
	[-4.35811]
	[-2.51259]
	[-2.41806]
	[ 2.49422]
	[ 2.22977]

	
	
	
	
	
	

	CointEq2
	-0.136035
	-0.442152
	-0.185873
	 0.343545
	 0.754660

	
	 (0.04859)
	 (0.24616)
	 (0.21302)
	 (0.19638)
	 (0.72545)

	
	[-2.79961]
	[-1.79622]
	[-0.87257]
	[ 1.74943]
	[ 1.04027]

	
	
	
	
	
	

	CointEq3
	 0.137222
	 0.218337
	-0.105300
	-0.046087
	-0.514301

	
	 (0.06549)
	 (0.33175)
	 (0.28709)
	 (0.26466)
	 (0.97770)

	
	[ 2.09541]
	[ 0.65814]
	[-0.36679]
	[-0.17414]
	[-0.52603]

	
	
	
	
	
	

	CointEq4
	 0.081092
	 0.315315
	 0.163764
	-0.245884
	-0.409131

	
	 (0.02705)
	 (0.13705)
	 (0.11860)
	 (0.10933)
	 (0.40389)

	
	[ 2.99754]
	[ 2.30077]
	[ 1.38085]
	[-2.24897]
	[-1.01297]

	
	
	
	
	
	

	D(LPCPI(-1))
	 0.081219
	 1.793244
	 1.529810
	-1.193607
	-1.981329

	
	 (0.08729)
	 (0.44218)
	 (0.38265)
	 (0.35276)
	 (1.30314)

	
	[ 0.93050]
	[ 4.05546]
	[ 3.99793]
	[-3.38366]
	[-1.52042]

	
	
	
	
	
	

	D(LPCPI(-2))
	 0.030305
	 2.083911
	 1.825229
	-1.585021
	-0.060976

	
	 (0.09098)
	 (0.46091)
	 (0.39886)
	 (0.36770)
	 (1.35833)

	
	[ 0.33308]
	[ 4.52132]
	[ 4.57615]
	[-4.31068]
	[-0.04489]

	
	
	
	
	
	

	D(LPCPI(-3))
	-0.149621
	 0.417946
	 0.447763
	-0.239541
	-0.074709

	
	 (0.09508)
	 (0.48168)
	 (0.41683)
	 (0.38426)
	 (1.41954)

	
	[-1.57360]
	[ 0.86769]
	[ 1.07421]
	[-0.62338]
	[-0.05263]

	
	
	
	
	
	

	D(LPCPI(-4))
	 0.060464
	 0.841668
	 0.833457
	-0.815227
	-2.683591

	
	 (0.08623)
	 (0.43682)
	 (0.37801)
	 (0.34848)
	 (1.28735)

	
	[ 0.70121]
	[ 1.92680]
	[ 2.20483]
	[-2.33937]
	[-2.08458]

	
	
	
	
	
	

	D(LRY(-1))
	 0.077603
	-0.092027
	-0.117471
	 0.031345
	 1.897726

	
	 (0.06388)
	 (0.32362)
	 (0.28005)
	 (0.25817)
	 (0.95373)

	
	[ 1.21479]
	[-0.28437]
	[-0.41946]
	[ 0.12141]
	[ 1.98979]

	
	
	
	
	
	

	D(LRY(-2))
	 0.091494
	 0.188146
	 0.073785
	-0.044090
	-0.444594

	
	 (0.04810)
	 (0.24369)
	 (0.21089)
	 (0.19441)
	 (0.71819)

	
	[ 1.90199]
	[ 0.77206]
	[ 0.34988]
	[-0.22679]
	[-0.61905]

	
	
	
	
	
	

	D(LRY(-3))
	-0.007187
	-0.218582
	 0.219004
	-0.303899
	 1.148253

	
	 (0.04614)
	 (0.23372)
	 (0.20226)
	 (0.18645)
	 (0.68880)

	
	[-0.15579]
	[-0.93523]
	[ 1.08281]
	[-1.62988]
	[ 1.66704]

	
	
	
	
	
	

	D(LRY(-4))
	 0.049898
	-0.207949
	-0.267348
	 0.223911
	 0.236928

	
	 (0.05013)
	 (0.25397)
	 (0.21978)
	 (0.20261)
	 (0.74847)

	
	[ 0.99531]
	[-0.81879]
	[-1.21644]
	[ 1.10514]
	[ 0.31655]

	
	
	
	
	
	

	D(LV(-1))
	 0.227323
	 0.000893
	-0.079660
	 0.182471
	 0.909359

	
	 (0.10794)
	 (0.54680)
	 (0.47318)
	 (0.43622)
	 (1.61146)

	
	[ 2.10608]
	[ 0.00163]
	[-0.16835]
	[ 0.41830]
	[ 0.56431]

	
	
	
	
	
	

	D(LV(-2))
	 0.005924
	-0.086080
	-0.043432
	-0.216038
	-4.361521

	
	 (0.10606)
	 (0.53731)
	 (0.46498)
	 (0.42865)
	 (1.58351)

	
	[ 0.05586]
	[-0.16020]
	[-0.09341]
	[-0.50400]
	[-2.75434]

	
	
	
	
	
	

	D(LV(-3))
	-0.069282
	-0.302278
	-0.278692
	 0.465363
	 1.178283

	
	 (0.10183)
	 (0.51584)
	 (0.44640)
	 (0.41152)
	 (1.52023)

	
	[-0.68040]
	[-0.58599]
	[-0.62432]
	[ 1.13084]
	[ 0.77507]

	
	
	
	
	
	

	D(LV(-4))
	 0.206610
	 0.999721
	 0.860309
	-1.022098
	-0.483035

	
	 (0.09643)
	 (0.48853)
	 (0.42276)
	 (0.38973)
	 (1.43974)

	
	[ 2.14249]
	[ 2.04638]
	[ 2.03498]
	[-2.62256]
	[-0.33550]

	
	
	
	
	
	

	D(LLY(-1))
	 0.260579
	-0.306492
	-0.372325
	 0.408883
	 2.068127

	
	 (0.09487)
	 (0.48059)
	 (0.41589)
	 (0.38340)
	 (1.41635)

	
	[ 2.74676]
	[-0.63774]
	[-0.89525]
	[ 1.06647]
	[ 1.46018]

	
	
	
	
	
	

	D(LLY(-2))
	 0.035228
	-0.137704
	-0.104191
	-0.095763
	-4.103000

	
	 (0.09380)
	 (0.47517)
	 (0.41120)
	 (0.37907)
	 (1.40036)

	
	[ 0.37558]
	[-0.28980]
	[-0.25338]
	[-0.25263]
	[-2.92997]

	
	
	
	
	
	

	D(LLY(-3))
	-0.124533
	-0.537883
	-0.248271
	 0.454518
	 2.827901

	
	 (0.08962)
	 (0.45403)
	 (0.39291)
	 (0.36221)
	 (1.33807)

	
	[-1.38949]
	[-1.18468]
	[-0.63188]
	[ 1.25484]
	[ 2.11341]

	
	
	
	
	
	

	D(LLY(-4))
	 0.275570
	 0.713779
	 0.559876
	-0.667332
	 0.265083

	
	 (0.08793)
	 (0.44547)
	 (0.38550)
	 (0.35538)
	 (1.31283)

	
	[ 3.13383]
	[ 1.60231]
	[ 1.45236]
	[-1.87781]
	[ 0.20192]

	
	
	
	
	
	

	D(LMTV(-1))
	-0.021672
	-0.057195
	-0.053274
	 0.059735
	-0.249630

	
	 (0.00954)
	 (0.04832)
	 (0.04181)
	 (0.03855)
	 (0.14240)

	
	[-2.27215]
	[-1.18372]
	[-1.27409]
	[ 1.54970]
	[-1.75305]

	
	
	
	
	
	

	D(LMTV(-2))
	-0.017377
	-0.023123
	-0.026404
	 0.038233
	-0.123895

	
	 (0.00890)
	 (0.04507)
	 (0.03900)
	 (0.03595)
	 (0.13282)

	
	[-1.95324]
	[-0.51306]
	[-0.67701]
	[ 1.06340]
	[-0.93281]

	
	
	
	
	
	

	D(LMTV(-3))
	-0.005661
	-0.015518
	-0.012836
	 0.020719
	 0.002646

	
	 (0.00787)
	 (0.03986)
	 (0.03450)
	 (0.03180)
	 (0.11748)

	
	[-0.71945]
	[-0.38930]
	[-0.37212]
	[ 0.65155]
	[ 0.02253]

	
	
	
	
	
	

	D(LMTV(-4))
	-0.000213
	 0.044332
	 0.023729
	-0.027940
	-0.050097

	
	 (0.00584)
	 (0.02958)
	 (0.02560)
	 (0.02360)
	 (0.08717)

	
	[-0.03643]
	[ 1.49880]
	[ 0.92705]
	[-1.18406]
	[-0.57471]

	
	
	
	
	
	

	C
	 0.000351
	 0.000892
	-0.005022
	 0.003578
	-0.019740

	
	 (0.00100)
	 (0.00508)
	 (0.00439)
	 (0.00405)
	 (0.01496)

	
	[ 0.34998]
	[ 0.17573]
	[-1.14311]
	[ 0.88349]
	[-1.31949]

	
	
	
	
	
	

	
	
	
	
	
	

	 R-squared
	 0.493899
	 0.441138
	 0.428000
	 0.477996
	 0.722064

	 Adj. R-squared
	 0.391828
	 0.328426
	 0.312639
	 0.372717
	 0.666009

	 Sum sq. resids
	 0.004575
	 0.117420
	 0.087932
	 0.074729
	 1.019829

	 S.E. equation
	 0.006201
	 0.031412
	 0.027183
	 0.025060
	 0.092574

	 F-statistic
	 4.838790
	 3.913861
	 3.710080
	 4.540311
	 12.88149

	 Log likelihood
	 541.3685
	 307.7233
	 328.5450
	 340.2588
	 152.0857

	 Akaike AIC
	-7.171785
	-3.926712
	-4.215903
	-4.378595
	-1.765079

	 Schwarz SC
	-6.656193
	-3.411119
	-3.700310
	-3.863002
	-1.249486

	 Mean dependent
	 0.000877
	 0.003046
	-0.002086
	 0.000740
	-0.006659

	 S.D. dependent
	 0.007951
	 0.038331
	 0.032787
	 0.031640
	 0.160185

	
	
	
	
	
	

	
	
	
	
	
	

	 Determinant resid covariance (dof adj.)
	 7.62E-19
	
	
	

	 Determinant resid covariance
	 2.94E-19
	
	
	

	 Log likelihood
	 2050.745
	
	
	

	 Akaike information criterion
	-26.41313
	
	
	

	 Schwarz criterion
	-23.34019
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Appendix 11

VAR Lag Length Selection


Appendix 12 Impulse Response of Choleshy One S.D. Innovation
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Appendix 13
Variance Decomposition
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Appendix 14

Data Sources

	Notation
	Variable Specification
	Data Source

	P
	GDP Deflator
	DGBAS National Income Statistics Database

	y
	Real GDP 
	DGBAS National Income Statistics Database

	M2
	Broad Monetary Aggregate
	CBC Statistics Database

	V 
	Income Velocity of Money M2
	V=Py/M2

	PCPI
	Consumer Price Index
	DGBAS Price Statistics Database

	id12
	Interest Rate of 1 Year Deposits
	CBC Financial Statistics Database

	il12
	Interest Rate of 1 Year Loans
	CBC Financial Statistics Database

	C
	Currency in Circulation
	CBC Financial Statistics Database

	R
	Actual Reserves
	CBC Financial Statistics Database

	B
	Base Money
	C+R

	MTV
	Turnover of Demand Deposits
	CBC Financial Statistics Database

	DNS 
	Turnover of Check Clearing System
	CBC Financial Statistics Database

	RTGS
	Turnover of RTGS Systems
	CBC Financial Statistics Database

	SSS
	Turnover of SSS Systems
	CBC Financial Statistics Database
FSC Security Statistics Database

	L
	Total Loans of FIs
	CBC Financial Statistics Database

	D
	Total Deposits of FIs
	CBC Financial Statistics Database

	Mf
	Net Foreign Assets of FIs
	CBC Financial Statistics Database

	Mb
	Net Portfolio Assets of FIs
	CBC Financial Statistics Database

	H
	Total Net Assets of FIs
	L+Mf+Mb

	LY
	Financial Intermediation
	L/Py
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Graph 2 the Interest Rates in Taiwan








Graph 1 the Growth and Inflation in Taiwan








�





�





Graph 4 Current Account Balances in Taiwan








Graph 3 the Exchange Rates in Taiwan
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Dependent Variable: DL(V)�
�
�
�
Method: Least Squares�
�
�
�
Sample: 2000M01 2011M12�
�
�
�
Included observations: 144�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Variable�
Coefficient�
Std. Error�
t-Statistic�
Prob.  �
�
�
�
�
�
�
�
�
�
�
�
�
�
C�
-0.011788�
0.003262�
-3.613275�
0.0004�
�
DL(V(-1))�
0.815398�
0.044562�
18.29787�
0.0000�
�
DL(y)�
1.050439�
0.033804�
31.07459�
0.0000�
�
DL(y(-1))�
-0.853885�
0.059184�
-14.42760�
0.0000�
�
ID12-PCPIG�
-0.000161�
0.000501�
-0.320617�
0.7490�
�
DL((C+R)/D)�
-0.046514�
0.011941�
-3.895186�
0.0002�
�
DL(MTV)�
-0.002132�
0.006130�
-0.347734�
0.7286�
�
�
�
�
�
�
�
�
�
�
�
�
�
R-squared�
0.967075�
    Mean dependent var�
-0.022541�
�
Adjusted R-squared�
0.965633�
    S.D. dependent var�
0.053014�
�
S.E. of regression�
0.009828�
    Akaike info criterion�
-6.359798�
�
Sum squared resid�
0.013232�
    Schwarz criterion�
-6.215432�
�
Log likelihood�
464.9054�
    Hannan-Quinn criter.�
-6.301136�
�
F-statistic�
670.6693�
    Durbin-Watson stat�
1.813368�
�
Prob(F-statistic)�
0.000000�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�





Dependent Variable: DLMTV�
�
�
�
Method: Least Squares�
�
�
�
Sample: 2000M01 2011M12�
�
�
�
Included observations: 144�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Variable�
Coefficient�
Std. Error�
t-Statistic�
Prob.  �
�
�
�
�
�
�
�
�
�
�
�
�
�
C�
-0.014141�
0.008016�
-1.764017�
0.0799�
�
DLMTV(-1)�
0.315675�
0.047221�
6.685024�
0.0000�
�
DLLY�
0.824378�
0.144274�
5.713967�
0.0000�
�
DLDNS�
0.242205�
0.037028�
6.541142�
0.0000�
�
DLRTGS�
0.180110�
0.039932�
4.510437�
0.0000�
�
DLSSS�
0.192845�
0.017699�
10.89583�
0.0000�
�
�
�
�
�
�
�
�
�
�
�
�
�
R-squared�
0.713294�
    Mean dependent var�
-0.060980�
�
Adjusted R-squared�
0.702907�
    S.D. dependent var�
0.148715�
�
S.E. of regression�
0.081059�
    Akaike info criterion�
-2.146504�
�
Sum squared resid�
0.906739�
    Schwarz criterion�
-2.022761�
�
Log likelihood�
160.5483�
    Hannan-Quinn criter.�
-2.096222�
�
F-statistic�
68.66602�
    Durbin-Watson stat�
1.429236�
�
Prob(F-statistic)�
0.000000�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�





Dependent Variable: DLLY�
�
�
�
Method: Least Squares�
�
�
�
Sample: 2000M01 2011M12�
�
�
�
Included observations: 144�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Variable�
Coefficient�
Std. Error�
t-Statistic�
Prob.  �
�
�
�
�
�
�
�
�
�
�
�
�
�
C�
-0.005502�
0.003887�
-1.415509�
0.1592�
�
DLLY(-1)�
0.530343�
0.049966�
10.61414�
0.0000�
�
DL(y)�
-0.537576�
0.062202�
-8.642484�
0.0000�
�
DL(y(-1))�
0.646335�
0.057631�
11.21500�
0.0000�
�
IL12-ID12-PCPIG�
-0.001131�
0.000630�
-1.795773�
0.0748�
�
DL(Mf/H)�
-0.141679�
0.024831�
-5.705692�
0.0000�
�
DL(Mb/H)�
-0.059539�
0.012291�
-4.843900�
0.0000�
�
DLMTV�
-0.005257�
0.005629�
-0.933899�
0.3520�
�
DLV�
-0.477261�
0.055891�
-8.539132�
0.0000�
�
�
�
�
�
�
�
�
�
�
�
�
�
R-squared�
0.974247�
    Mean dependent var�
0.006248�
�
Adjusted R-squared�
0.972721�
    S.D. dependent var�
0.054452�
�
S.E. of regression�
0.008994�
    Akaike info criterion�
-6.524162�
�
Sum squared resid�
0.010919�
    Schwarz criterion�
-6.338549�
�
Log likelihood�
478.7397�
    Hannan-Quinn criter.�
-6.448739�
�
F-statistic�
638.3913�
    Durbin-Watson stat�
1.288730�
�
Prob(F-statistic)�
0.000000�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�





Cholesky Ordering: LPCPI   Ly   LMLY   LV   LMTV


�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Variance Decomposition of LPCPI:�
�
 Period�
S.E.�
LPCPI�
Ly�
LV�
LLY�
LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 2�
 0.008144�
 92.31505�
 0.130502�
 0.514476�
 5.243072�
 1.796895�
�
 24�
 0.015019�
 50.54819�
 10.28130�
 2.185301�
 14.99643�
 21.98879�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Variance Decomposition of LRY:�
�
 Period�
S.E.�
LPCPI�
Ly�
LV�
LLY�
LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 2�
 0.038263�
 6.624272�
 92.06072�
 0.256293�
 0.001858�
 1.056857�
�
 24�
 0.058624�
 21.69131�
 49.83390�
 5.603350�
 3.450186�
 19.42126�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Variance Decomposition of LV:�
�
 Period�
S.E.�
LPCPI�
Ly�
LV�
LLY�
LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 2�
 0.033657�
 5.465895�
 78.74239�
 15.23026�
 0.131624�
 0.429828�
�
 24�
 0.050874�
 20.32988�
 47.50640�
 14.19665�
 4.447455�
 13.51962�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Variance Decomposition of LLY:�
�
 Period�
S.E.�
LPCPI�
Ly�
LV�
LLY�
LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 2�
 0.029851�
 3.905217�
 73.02432�
 15.33072�
 7.488205�
 0.251543�
�
 24�
 0.049705�
 13.16394�
 47.19103�
 13.75483�
 14.14722�
 11.74298�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Variance Decomposition of LMTV:�
�
 Period�
S.E.�
LPCPI�
Ly�
LV�
LLY�
LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 2�
 0.113167�
 0.567502�
 25.72600�
 0.751845�
 1.007586�
 71.94707�
�
 24�
 0.141899�
 8.962588�
 22.52840�
 2.304441�
 8.743064�
 57.46151�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Cholesky Ordering: LPCPI LRY LV LLY LMTV�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
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Pairwise Granger Causality Tests�
�
Sample: 2000M01 2011M12�
�
Lags: 4�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Null Hypothesis:�
Obs�
F-Statistic�
Prob. �
�
�
�
�
�
�
�
�
�
�
�
 LRY does not Granger Cause LPCPI�
 144�
 2.90219�
0.0242�
�
 LPCPI does not Granger Cause LRY�
 6.87295�
5.E-05�
�
�
�
�
�
�
�
�
�
�
�
 LLY does not Granger Cause LPCPI�
 144�
 2.69598�
0.0335�
�
 LPCPI does not Granger Cause LLY�
 6.57524�
7.E-05�
�
�
�
�
�
�
�
�
�
�
�
 LV does not Granger Cause LPCPI�
 144�
 3.28065�
0.0133�
�
 LPCPI does not Granger Cause LV�
 13.0057�
6.E-09�
�
�
�
�
�
�
�
�
�
�
�
 LMTV does not Granger Cause LPCPI�
 144�
 5.37861�
0.0005�
�
 LPCPI does not Granger Cause LMTV�
 4.01514�
0.0041�
�
�
�
�
�
�
�
�
�
�
�
 LLY does not Granger Cause LRY�
 144�
 2.90132�
0.0243�
�
 LRY does not Granger Cause LLY�
 4.71427�
0.0014�
�
�
�
�
�
�
�
�
�
�
�
 LV does not Granger Cause LRY�
 144�
 6.07253�
0.0002�
�
 LRY does not Granger Cause LV�
 6.43601�
9.E-05�
�
�
�
�
�
�
�
�
�
�
�
 LMTV does not Granger Cause LRY�
 144�
 3.26861�
0.0136�
�
 LRY does not Granger Cause LMTV�
 15.0242�
3.E-10�
�
�
�
�
�
�
�
�
�
�
�
 LV does not Granger Cause LLY�
 144�
 0.21762�
0.9282�
�
 LLY does not Granger Cause LV�
 0.67632�
0.6095�
�
�
�
�
�
�
�
�
�
�
�
 LMTV does not Granger Cause LLY�
 144�
 1.97947�
0.1011�
�
 LLY does not Granger Cause LMTV�
 5.74142�
0.0003�
�
�
�
�
�
�
�
�
�
�
�
 LMTV does not Granger Cause LV�
 144�
 4.52459�
0.0018�
�
 LV does not Granger Cause LMTV�
 9.23949�
1.E-06�
�
�
�
�
�
�
�
�
�
�
�
Note: The causality tests are summarized as below:


LLY ------> LMTV 


         LPCI  ((  LRY  ;   LPCI  ((  LV  ;  LPCI  ((  LLY  ;  LPCI  ((  LMTV


         LRY   ((  LV    ;   LRY   ((  LLY  ;   LRY   ((  LMTV  ;


         LMTV   ((  LV








Sample: 2000M01 2011M12�
�
�
�
�
Included observations: 144�
�
�
�
�
Series: LPCPI LRY LV LMLY LMTV �
�
�
�
�
Lags interval: 1 to 4�
�
�
�
�
�
�
�
�
�
�
�
 Selected (0.05 level*) Number of Cointegrating Relations by Model�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Data Trend:�
None�
None�
Linear�
Linear�
Quadratic�
�
Test Type�
No Intercept�
Intercept�
Intercept�
Intercept�
Intercept�
�
�
No Trend�
No Trend�
No Trend�
Trend�
Trend�
�
Trace�
3�
4�
1�
1�
1�
�
Max-Eig�
2�
2�
1�
1�
1�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 *Critical values based on MacKinnon-Haug-Michelis (1999)�
�
�
�
�
�
�
�
�
�
 Information Criteria by Rank and Model�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
Data Trend:�
None�
None�
Linear�
Linear�
Quadratic�
�
Rank or�
No Intercept�
Intercept�
Intercept�
Intercept�
Intercept�
�
No. of CEs�
No Trend�
No Trend�
No Trend�
Trend�
Trend�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Log Likelihood by Rank (rows) and Model (columns)�
�
0�
 1987.170�
 1987.170�
 2003.822�
 2003.822�
 2004.404�
�
1�
 2011.165�
 2011.296�
 2027.912�
 2033.381�
 2033.956�
�
2�
 2028.555�
 2029.201�
 2038.468�
 2044.237�
 2044.711�
�
3�
 2036.035�
 2039.009�
 2046.280�
 2052.049�
 2052.433�
�
4�
 2040.949�
 2046.489�
 2049.417�
 2058.358�
 2058.441�
�
5�
 2041.984�
 2049.584�
 2049.584�
 2061.312�
 2061.312�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Akaike Information Criteria by Rank (rows) and Model (columns)�
�
0�
-26.21069�
-26.21069�
-26.37253�
-26.37253�
-26.31116�
�
1�
-26.40507�
-26.39300�
-26.56823�
 -26.63028*�
-26.58272�
�
2�
-26.50771�
-26.48890�
-26.57595�
-26.62829�
-26.59320�
�
3�
-26.47271�
-26.47235�
-26.54555�
-26.58402�
-26.56157�
�
4�
-26.40207�
-26.42346�
-26.45023�
-26.51886�
-26.50612�
�
5�
-26.27756�
-26.31366�
-26.31366�
-26.40712�
-26.40712�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Schwarz Criteria by Rank (rows) and Model (columns)�
�
0�
-24.14832�
-24.14832�
-24.20704�
-24.20704�
-24.04256�
�
1�
-24.13646�
-24.10377�
-24.19650�
-24.23794*�
-24.10787�
�
2�
-24.03286�
-23.97281�
-23.99799�
-24.00908�
-23.91212�
�
3�
-23.79162�
-23.72939�
-23.76135�
-23.73794�
-23.67425�
�
4�
-23.51475�
-23.45364�
-23.45979�
-23.44593�
-23.41257�
�
5�
-23.18401�
-23.11699�
-23.11699�
-23.10732�
-23.10732�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�





VAR Lag Order Selection Criteria�
�
�
�
�
�
Endogenous variables: LPCPI LRY LLY LV LMTV �
�
�
�
�
Exogenous variables: C �
�
�
�
�
�
Sample: 2000M01 2011M12�
�
�
�
�
�
Included observations: 144�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 Lag�
LogL�
LR�
FPE�
AIC�
SC�
HQ�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
0�
 1078.723�
NA �
 2.30e-13�
-14.91283�
-14.80971�
-14.87092�
�
1�
 1817.263�
 1415.534�
 1.14e-17�
-24.82310�
-24.20439�
-24.57169�
�
2�
 1889.690�
 133.7891�
 5.91e-18�
-25.48181�
 -24.34750*�
-25.02089�
�
3�
 1934.027�
 78.82200�
 4.53e-18�
-25.75038�
-24.10049�
-25.07996�
�
4�
 2004.436�
 120.2805�
 2.43e-18�
-26.38105�
-24.21556�
 -25.50112*�
�
5�
 2038.049�
 55.08935�
 2.17e-18�
-26.50069�
-23.81961�
-25.41125�
�
6�
 2056.640�
 29.17624�
 2.41e-18�
-26.41166�
-23.21499�
-25.11271�
�
7�
 2096.953�
 60.47067�
 1.99e-18�
-26.62435�
-22.91209�
-25.11590�
�
8�
 2114.509�
 25.11410�
 2.26e-18�
-26.52096�
-22.29310�
-24.80299�
�
9�
 2146.960�
 44.16939�
 2.11e-18�
-26.62444�
-21.88099�
-24.69697�
�
10�
 2203.284�
  72.75148*�
  1.43e-18*�
-27.05949�
-21.80045�
-24.92252�
�
11�
 2229.612�
 32.17973�
 1.48e-18�
-27.07795�
-21.30331�
-24.73146�
�
12�
 2255.945�
 30.35574�
 1.56e-18�
 -27.09646*�
-20.80623�
-24.54047�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
 * indicates lag order selected by the criterion�
�
�
�
�
 LR: sequential modified LR test statistic (each test at 5% level)�
�
�
�
 FPE: Final prediction error�
�
�
�
�
�
 AIC: Akaike information criterion�
�
�
�
�
�
 SC: Schwarz information criterion�
�
�
�
�
�
 HQ: Hannan-Quinn information criterion�
�
�
�
�









� The views and opinions expressed therein are those of the author and do not necessarily represent the views of the Central Bank of Republic of China in Taiwan (CBC).  


� Following the CPSS Core Principles Report, it is likely that a system is of systemic importance if at least one of the following is true: 1. it is the only payment system in a country, or principal system in terms of the aggregate value of payments; 2. it handles mainly payments of high individual value; 3. it is used for the settlement of financial market transactions or for the settlement of other relevant payment systems.


� Kiyohiko G Nishimura, Deputy Governor of the Bank of Japan, once gave a speech to compare the payment system to the blood circulatory system at the Bank of Korea International Conference, Seoul, on May 26, 2011. His figure of speech says: “While the infrastructure making financial contracts straightforward and smooth could be compared to arteries pumping out blood into the body of the economy, the payment and settlement system would then be the veins carrying the blood back to the heart.”


� Andrew Crockett (1998) once pointed out that the BIS Committee on Payment and Settlement Systems was transformed into a senior-level body in 1990 after a growing realization that “payment systems were not only a technical matter but also went to the very heart of the central bank policy concerns.”


� The Tinbergen Rule states that if the number of policy targets surpasses the number of instruments, then some targets may not be met. See Jan Tinbergen (1952), On the Theory of Economic Policy (Amsterdam: North-Holland).


� The Basel III liquidity rules state: Banks and regulators should be aware that the LCR stress does not cover expected or unexpected intraday liquidity needs that occur during the day and disappear by the end of the day... The Committee is currently reviewing if and how intraday liquidity risk should be addressed.
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