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Abstract
The paper models the long-run relationship (cointegration) between reserves and exchange rates for ten island economies over 1980Q1-2013Q4. Small island developing states (SIDS) are especially vulnerable to volatility in their exchange rates. We adopt a threshold VECM model to analyze the relationship between reserves and exchange rates after testing results suggest non-linearity. Our results indicate that reserves tend to do more of the adjustment toward the long-run equilibrium, supporting the view that SIDS are more tolerant of reserve volatility than exchange rate volatility. In addition, we find evidence that SIDS are using reserves to reduce the volatility of their exchange rates.
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I. Introduction

Given their geographical location, small island developing states (SIDS) have always been vulnerable to severe shortages in natural resources, narrow manufacturing base, inability to pay for adequate imports, terms of trade volatility, volatility in their exchange rates, and now vulnerability to climate change. Monetary authorities in SIDS like most countries have strived to accumulate reserves and these have impacts on patterns of exchange rates, capital flows and interest rates. The reasons for accumulating reserves vary for each central bank in SIDS but there exists a fundamental reason, that is, reserves can be used to smooth exchange rate volatility (Feldstein, 1999; Calvo, 2006; Obstfeld et al., 2008). 
In the context of SIDS, smoothing exchange rate plays a key role in protecting their economies from adverse external shocks. From Table 1 it is clear that tourism, fishing, remittances are the main export earners for almost all SIDS. To the extent political instability undermines tourism and over-fishing by locals and foreign trawlers undermines fishing, these economies are vulnerable to external shocks such as exchange rate volatility, terms of trade shocks, and macroeconomic shocks in foreign countries. On the import side, most SIDS have neither oil nor decent agricultural land, and their economies rely heavily on imports. Their ability to import is related to exchange rate and the availability of reserves. The international SIDS conference held in Port Louis, Mauritius in January 2005 produced what is now known as the Mauritius Declaration. The Declaration took into account the observation that SIDS ‘are located among the most vulnerable regions in the world in relation to the intensity and frequency of natural and environmental disasters and their increasing impact, and face a disproportionately high economic, social and environmental consequences.’ The tragic impact of the December 26 2004 Indian Ocean tsunami and the destruction caused by various hurricanes, cyclones and typhoons in the Caribbean and the Pacific has heightened the attention paid by SIDS to reserve holdings. For small open economies like SIDS, holding reserves out of precautionary motives to protect their economies from adverse shocks becomes even more important. Due to their severe shortages in natural resources and narrow manufacturing base, imports play a key role in the SIDS economies. Aside from holding reserves, SIDS have a strong incentive to reduce the volatility of exchange rates to insure the stability of imports.
In addition, in order to prevent internal drain (runs from banking deposits to currency) and external drain (flight to foreign currency or banks), SIDS also have an incentive to hoard reserves and maintain exchange rate stability.  Empirical work by Kaminsky and Reinhart (1999) show that reserve backing tends to fall when the central bank attempts to inject liquidity via the role of lender of last resort. For SIDS with thin domestic bond markets, large-scale bailouts may raise the specter of public insolvency. This means that in the short-run, the sale of reserves may be the only available means of managing the exchange rate. Calvo and Reinhart (2001) have suggested that developing countries seem more tolerant of foreign reserves volatility than exchange rate volatility. The response to exchange rate fluctuations in SIDS is for monetary authorities to use their stock of reserves to intervene in the foreign exchange market to dampen the exchange rate volatility. This suggests that there may be a long-run relationship between the exchange rate and international reserves or that there is cointegration between these variables. However, the relationship need not be linear. The possibility that the relationship may be non-linear is examined in this paper. 
The literature on reserve accumulation offers various explanations why reserves (often more than adequate) are kept by most countries with Asia’s accumulation being prominent especially after the 1997-8 East Asian crisis. There are mainly two schools of thoughts:

1. Revived Bretton Woods System and Export Promotion: Dooley, Folkerts-Landau, and Garber (2003) argue that the economic emergence of a fixed exchange rate periphery in Asia has reestablished the United States as the center country in the revived Bretton Woods international monetary system. For the Asian countries in the periphery, development strategy is export-led growth supported by undervalued exchange rates. Thus, a single-minded emphasis on export growth has been supported by a virtually unlimited demand for U.S. financial assets in the form of official reserves. Dooley, Folkerts-Landau, and Garber (2004) extend the argument and state that the U.S. deficit supplies international collateral to the periphery, and international collateral in turn supports two-way trade in financial assets that liberates capital formation in poor countries from inefficient domestic financial markets. Green and Torgerson (2007) also point out that by accumulating reserves, Asian countries prevent their currencies from appreciating, which contributes to their export-oriented production. 

2. Precautionary Motives: Eichengreen et al. (2003) argue that holding foreign reserves is a self-insurance or crisis-prevention strategy against sudden stops. Aizenman and Marion (2004) point out that countries facing conditional access to global capital markets and costly tax collection will hold precautionary reserves to smooth consumption and distortions intertemporally. Studies have pointed out that foreign reserves can lead to better governance facing underdeveloped financial markets and be a substitute for a viable external debt management strategy (Caballero and Krishnamurthy, 2003; Garcia and Soto, 2004; Aizenman, 2009a, 2009b).
Due to their simple economic structure and heavy reliance on imports, SIDS are more vulnerable to exchange rate fluctuation. Therefore, these small economies have a strong incentive to reduce exchange rate volatility. Unlike the Asian countries, SIDS are not aiming for undervalued currencies and export promotion, but rather sustaining the value of their currencies to facilitate imports. The holding of foreign reserves in the SIDS falls into the Precautionary Motives category. However, because of their limited ability to export, the amount of reserves they hoard is not comparable in scale to the Asian economies.

Holding foreign exchange reserves can lead to an inherent risk in the balance sheet of the central bank (Rodrik, 2006). Reserves like any other foreign currency asset can lose value in local terms if the there is an exchange rate appreciation. If reserves are a large share of the central bank’s balance, the bank could easily face significant risk of losses. It is possible for a central bank to continue to operate with negative capital as long as interest rate margins and cash flows remain positive. However, undercapitalization of a central bank could seriously undermine its credibility, its role as a lender of last resort, and its ability to maintain a domestic payment system. There is an incentive for the authorities to intervene in the foreign exchange market using reserves in cases of large exchange rate appreciation. Therefore, it is reasonable to assume that there is a two-way relationship between exchange rate and foreign reserves. 
In this paper, we estimate a threshold VECM model of exchange rates and reserves for ten small island economies using quarterly data from 1980Q1 to 2013Q4. The data are from International Financial Statistics (IFS) published by the International Monetary Fund. These economies are small open island economies in the Indian Ocean Islands, West African Islands, Caribbean Islands, and Pacific Islands. We adopt a threshold VECM model to analyze the relationship between reserves and exchange rates after testing results suggest non-linearity. Our results indicate that reserves tend to do more of the adjustment toward the long-run equilibrium, supporting the view that SIDS are more tolerant of reserve volatility than exchange rate volatility (Calvo and Reinhart, 2001). In addition, we find evidence that SIDS are using reserves to reduce the volatility of their exchange rates.

The findings of this paper are also consistent with other studies in the literature in terms of non-linearity. Ahmad and Pentecost (2008) found the relationship between reserves and exchange rates to be non-linear for eight African economies. In an earlier paper, Hviding et al. (2004) had confirmed this non-linearity. 
The paper is organized as follows. Section II provides background on SIDS economies, particularly on main earners of foreign exchange in each country including policies related to reserves and exchange rate policy. Section III presents the model specification of the threshold VECM. Section IV contains a discussion of threshold tests using the 
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test statistic from p-values obtained from fixed regressor bootstrap and parametric residual bootstrap simulations. Section V concludes.
II. Characteristics of Ten Small Island Developing Economies

In order to provide the context in which to examine the interrelationship between reserves and exchange rates for each island economy, we examine specific sectors of the economy that generate foreign exchange receipts, tourism exports, and behavior of remittances. Table 1 shows that each economy relies on tourism, remittances, timber exports (Papua New Guinea), tropical agricultural products, and very little manufacturing. Thus, we focus on these products for each island. While political stability is critical to sustaining tourism receipts, the overall impact of climate change on island economies is probably the most critical issue related to holding reserves. The fact that most islands are not suitable for the production of food crops in sufficient quantities places the exchange rate as a crucial price in the imports of food and oil.
Economic development in The Republic of the Maldives (hereafter Maldives), like in most island economies, is constrained by limited agricultural scope, the absence of land-based mineral resources, and vulnerability to natural disasters. The damage caused by the Asian tsunami of December 2004 destroyed about 62% of the social and economic infrastructure in a country where on average 70% of total development expenditure is financed by external resources. The economy has long relied on fisheries, tourism, and import duties to generate about 40% of revenues. The fact that the manufacturing sector is limited and there exists low levels of education means that most professional sectors are filled by expatriate labor while emigration of Maldives ensures a steady source of income in terms of remittances.  As an open economy, Maldives relies on imports and foreign merchandise imports result in trade deficit; imports of around 61% -65% of GDP and exports of 12%-16% in the last five years. Unlike some island economies in this paper, Maldives experiences significant outflows due to a high number of expatriates in the professional sectors.

Although tourism has been one of the fastest growing sectors in terms of its contribution to GDP, factors beyond its control such as the December 2004 tsunami, 9/11 terrorist attacks in the U.S.A. and the Bali bombings in 2002 and 2005 that killed 92 Australians, have all served to undermine tourism receipts as tourists from Europe, North America, China and elsewhere increasingly choose safer destinations. Following the Indian Ocean tsunami, the economy did not fully recover and by 2009 it was in a recession. The global recession further undermined the Maldives’s economy via a fall in tourism receipts, external financing, and a significant drop in exports. The shortage of foreign exchange contributed to the emergence of a parallel (black) market. The reserves were $270 million in 2009, down from $241 million in 2008 and $309 million in 2007. The reserves in 2009 were enough to finance about 3.2 month of imports.
 In response, the IMF approved $93 million loan package to boost reserves, provide some form of defense against climate change, and limit the use of the island as a drug transshipment point. With a shortage of foreign exchange in 2009, the Maldives Monetary Authority (MMA) began rationing foreign exchange to the banking system, given that the Maldives had maintained a fixed peg of the currency (rufiyaa) with the U.S. dollar since 2001. The printing of the rufiyaa (excess rufiyaa liquidity) caused a serious loss of reserve losses as the MMA tried to maintain a fixed exchange rate.  Following the tsunami in 2004, the government had increased deficit spending and by 2009, it was clear that the global recession would make the government budget deficit unsustainable. The “monetization of the fiscal debt” or borrowing from the MMA was suspended after the IMF package. That is, government debt held by the MMA was converted to tradable securities and open market operations were started to absorb excess rufiyaa liquidity. By selling the securities, the MMA could ‘sterilize’ excess money supply and allow the strengthening of the pegged rate.  Thus, as long as the new rufiyaa is only created by buying up foreign exchange flows and allowing reserves to increase, then rufiyaa money supplies would be backed by foreign currency, and removing the likelihood  of a foreign exchange shortage or balance of payments problem. In terms of the Greenspan-Guidotti rule, the ratio of reserves to short-term external debt was 24.38% in 2008. Clearly, the solution of the fiscal budget deficit in the Maldives through the IMF package shows the relationship between reserves and the exchange rate.

The Union of the Comoros (hereafter, Comoros)  is a union of three islands (Grande Comore, Anjoun, and Moheli)  and lies in the Indian Ocean and has been subject to all natural disasters that impacted the Maldives. However, unlike other island economies, in recent years with exception of 2001, 2002, and 2005, the growth rate has been less than the population growth. Economic growth has been hampered by lack of domestic savings and the political instability which has undermined efforts to attract foreign investment. 
The external position remains poor (with a current account deficit of 10.2% of GDP) despite sizeable remittances from abroad following the opening of branch offices of the Comorian post office in France. Following a reform programme supported by the IMF’s Extended Credit Facility (ECF), the Comoros qualified for inclusion in the Heavily Indebted Poor Countries (HIPC) Initiative.
 This means a boost to reserves as debt cancellation is equivalent to a decrease in reserves deemed necessary under the Greenspan-Guidotti rule.
 Comoros’s monetary policy is geared towards maintaining price stability (internal objective) and holding adequate reserves (external objective). As a member of the Franc Zone, Comoros maintains a fixed exchange rate between the Comoro Franc (KMF) and the Euro (492 KMF = 1€). In order to keep an adequate level of reserves requires that 65% must be deposited with the French Treasury, and at least 20% of deposit liabilities in the country are to be covered by external holdings. From 1979 to 1994, the Comorian Franc was tied to the French Franc but in 1994, it was devalued by 75%. Given oil and food imports, fragile export sector, political instability (20 coup d’état or attempted coups since independence from France in 1975), global recessionary effects on remittances, it is clear that there is inherent currency risk in the Comorian Franc.
The fragility of economic growth coupled with coupled with separatist movements in all three islands undermines tourism the major source of foreign exchange earnings. In fact, the Comorian Franc (KMF) may have to be pegged at a higher rate (devaluation) if the economy continues to grow at less than the rate of population growth. 
The Republic of Seychelles (hereafter Seychelles) like the Maldives and the Comoros lies in the Indian Ocean and was affected by all natural disasters that have hit this region. With an income per capita of $8,335, it classified by the World Bank as “upper-middle-income” country, thus it does not feature on the international donor list for aid flows. That withstanding, its small size, its heavy reliance on tourism and remittances still make it vulnerable to external shocks such oil price increases,  threat of sea piracy from the Horn of Africa, terrorism, and global economic downturns. Following years of experiment with socialism, Seychelles emerged with large parastatal organizations that were very inefficient and staffed by corrupt bureaucrats. By 2008, the reserves were close to zero and had to default on a $230 million Eurobond that had been issued two years earlier. In return for supporting the government, the IMF insisted on radical reforms such as liberalization of the exchange rate regime (devaluation and a floating of the currency – the Rupee, and the elimination of all foreign exchange controls. Following a successful pathway to reforms, in 2009 the IMF converted the 2008 2-year $26 million stand-by-loan into a 3-year fund facility worth $31 million. In addition to this arrangement, the World Bank agreed to a $9 million policy support loan. The important action in 2009 was that the IMF agreed to facilitate the re-scheduling of Seychelles’s large foreign debt burden: commercial creditors (held 60%) approved the deal that saw its foreign debt cut by 50%, with repayment re-scheduled to occur between 2016 and 2026. This should result in Seychelles’s debt fall from 96% of GDP to 36% of GDP.

The Central Bank of Seychelles (CBS)’s monetary management is focused on a monetary targeting framework with reserve money as the operating target of monetary policy.  Besides quarterly targets of reserve money, it has quarterly targets of net international reserves. Although the reserves were nearly depleted in 2008 (in July 2011, gross reserves stood at $250 million), since then they have continued to where today they cover 2 ½ months of imports. According to the Deputy Governor, Caroline Abel, the objective is exceeding a 3-month import cover. By 2010, the economy had grown stronger following the debt and balance of payments crisis in 2005, and the global recession soon thereafter. The surge in economic growth (inflation is practically zero) has been driven by large inflows of foreign direct investment encouraged by strong institutions and political stability coupled by a very strong rebound in tourism receipts and sport fishing.  In 2011, Seychelles has benefitted from high commodity prices and the recent discovery of oil in Seychelles’s waters is likely to spur further foreign direct investment into areas such as construction, banking, and commerce.
The Kingdom of Tonga is located is the only Pacific Ocean island in the region that was never colonized. Like all island nations, it faces climate change issues including the effects of the recent tsunami. It is constrained by limited agricultural land, the absence of land-based mineral resources, and its vulnerability to natural disasters. The global crisis that began in 2007 has hit Tonga hard in terms of reducing receipts from the important tourist sector, remittance flows, and agricultural exports. Despite efforts by the National Reserve Bank of Tonga (NRBT) to stimulate aggregate demand by reducing reserve requirements (from 10% to5%), reductions in the interest rate on its repo facility (from 10% to 4 ½ %), the declines in credit quality in bank balance sheets were too large to be affected by loose monetary policy.
By 2010, the external and public debt amounted to 52 ½ % of GDP, up from 44% in 2009, and 39% in 2008. The increase in debt can be attributed to two Chinese loans (renminbi) from China’s EXIM bank. The loans amounted to just over 30% of GDP. Tonga bears all credit and currency risk of these loans, including amounts lent to the private sector. In order to reduce the negative effects of these loans, Tonga must ensure that the Kingdom continues to attract donor support, follow a careful management of liabilities, reserves, and its external position. Aizenman (2009a) gives a rationale for a comprehensive debt management strategy for economies that accumulate reserves partly for self-insurance purposes. The currency (pa’anga) is currently overvalued which means that there will be little scope to tighten monetary policy via a nominal appreciation. However, it is important for the NRBT to gradually depreciate the pa’anga against the basket in order to preserve the external stability but this can be achieved by reducing the budget deficits.
The central bank of Solomon Islands (CBSI) controls all Solomon Islands external reserves held in specified types of assets. The legislation that created the CBSI clearly stipulates that as far as possible, assets must be held in liquid form, readily available for settling the country’s international transactions. Any excess of reserves should be placed in interest-bearing securities that are marketable, more likely to appreciate in value, and being readily liquidated without too much capital loss. To ensure safety, assets in which reserves are held should be reputable and held in credible financial institutions. In November 2010, reserves stood at $1.7 million, an increase of 37% from the previous year; equivalent to 7.4 months of import cover (previous year import cover had been 6.5 months). In terms of balance of payments, the position changed from a deficit in 2008 to a surplus of $361 million and $906 million in 2010. The improvement arose mainly due to an increase in export earnings timber (logging), donor funds, earnings re-invested, and a revaluation gains from changes in the exchange rate. 
During 2010, the Solomon Island dollar (SBD) remained largely unchanged against the U.S. Since the SBD is closely aligned to the USD, the depreciation of the latter naturally spilled into the SBD, resulting in depreciation against major currencies (11% against the Australian dollar, 3% against the pound sterling, 10% against the New Zealand dollar, and 5% against the Japanese yen). A weak SBD improves exports and discourages imports, with such changes improving the trade balance. However, the CBSI intends to gradually appreciate the SBD against the U.S. dollar over a two-year period that began in February 2011. Such an approach will make Solomon Islands imports cheaper and export relatively more expensive. Such a gradually appreciation may have little impact on the trade balance.
Overall, the level of reserves, economic growth, and export earnings are likely to be influenced by tourism, fishing and timber exports. With increased global demand for timber but stagnancy in fishing (diving) and fishing, one can expect a net improvement in all these areas.
The Republic of Vanuatu’s (hereafter Vanuatu) foreign reserves comes from mainly three sources: tourism, offshore financial service (tax haven since 2008), and modest growth in agriculture and service sectors. All these sectors are sensitive to political stability. Currently 11 of the 12 coalition political parties in government contribute to an ineffective government coalition due to (a) uncertainty for foreign investors and development partners, (b) derailed reforms, (c) and unplanned for gratuity payments for outgoing members of parliament and their advisors. All these problems occur in the midst of recognition of the need to boost investor confidence and strengthen governance by reforms in public finances, rule of law, and public service. By 2005, the increase surplus on the capital account and financial accounts dominated the deterioration on the current account (due to a 14.1% rise in imports) raised cover of reserves to 5.8 months against a policy target of 4.0 months. Official external debt was 18% of GDP in 2008 and loans were paid off without additional new borrowing. The Asian Development Bank (ADB) in conjunction with the National Bank of Vanuatu (NBV) has supported the establishment of a well-functioning transaction system and an offshore financial sector albeit without a strong regulatory framework.
It appears that The Republic of Cape Verde’s (here after Cape Verde) financial sector did not suffer much from the recent global economic downturn.  The main sources of reserves are tourism and remittances (huge capital inflows). The global slowdown had the greatest impact on tourism, foreign direct investment flows, and private construction. However, the access to inexpensive external financing to strengthen and accelerate the existing public investment program that enabled sizeable recovery in 2010. With sustainable growth, low inflation, and a significant drop in its internal debt, the Bank of Cape Verde (BCV) has been able to stabilize inflows of emigrant deposits. By improving the monetary transmission process, the interest rates are likely to mitigate the risks of speculative inflows. The African Development Bank (AfDB) is the only bank in Africa that will achieve the United Nations Millennium Development Goals (UN MDG). At the end of 2009, Cape Verde was the only country to be granted a second financing agreement (estimated at $300 to $400 million) from the Millennium Challenge Account (MCA) - a U.S. programme. The first share of financing was about $110 million. The 2010 15-month Policy Support Instrument (PSI) from the IMF will allow Cape Verde to build foreign reserves and keep domestic debt stock low in order to support the exchange rate peg (the national currency is the Cape Verde Escudo). Furthermore, it is important to keep net domestic borrowing under control to preserve reserves. 
In The Independent State of Samoa (here after, Samoa) the main objective of central bank’s exchange rate policy is to ensure that the value of the local currency (the Tala) is such that exports remain competitive abroad and also minimizing imported inflation. The exchange rate of the Tala is determined on the basis of a trade-weighted basket of currencies (New Zealand dollar, Australian dollar, US dollar, pound sterling, and the Euro) that reflect Samoa’s trading partners, private remittances, and travel transactions on tourism. In June 2006, gross international reserves stood at $179.1 million down from $228.3 million in the previous year. It is important to note that gross reserves in 2005 stood at $771 million which represented 9-months import cover which was the strongest external position since independence in 1975. In line with this is the recognition that the external debt as a proportion of GDP had fallen since 2001.
The Republic of Fiji (here after, Fiji) has exhibited political instability which as undermined the main earners of foreign reserves, that is, remittances, tourism, fishing, sugar, and textiles. Its official reserves fell from $620 million in 2007 to $330 million in 2009. These were largely reactions from deterioration in institutional strength such as the abrogation of the constitution, the removal of judges, and the Reserve Bank governor. With the delay of new elections, there has been a further downgrade of the country’s credit-rating making it extremely difficult to external financing. However, about 70% of government debt is held by National Provident Fund, thus the proportion of foreign currency-denominated debt is relatively small.  This means that Fiji’s exposure to exchange-rate risk and other negative international shocks is small. With heavy reliance on tourism, remittances, and sugar, any depreciation of the Fiji dollar as in 2009, bolstered international reserves. At the same time, the National Provident Fund sold foreign assets to contribute to growing cash reserves at home.  
In 2010, with foreign reserves at 1.1 billion (approximately 3.1- import cover) Fiji requested additional support to support its balance of payments. In February 2011, Standard and Poor revised Fiji international credit rating from “stable” to “positive” which reflect improvements in the reforms, financial discipline, and improvements in the level of foreign reserves. Thus, it looks certain that Fiji will refinance its 2011 external bond (approximately $150 million due in September 2011). The revision by Standard & Poor from “stable” to “positive” has also lead to improvements in the current account due tourist arrivals (600, 000 in 2010), improvements in mineral water and gold exports, all of which reduced the trade deficit.
The Independent State of Papua New Guinea’s (here after, Papua New Guinea) main export earnings come from oil and natural gas, copper, gold, timber, fish, palm oil, and tourism.  Increased revenues from commodity prices (gold, crude oil, copper) has lead to unbudgeted  windfall revenues which many suggest should be parked in an offshore Sovereign Wealth Fund (SWF). The recent appreciation of the local currency, the kina, enables cheaper imports especially from Asia that ordinarily would widen the trade deficit except for higher earnings from exports of natural resources.  According to the Governor of the Bank of Papua New Guinea, the goal of monetary policy is achieve and maintain price stability for a variety of reasons one of which is to give confidence in the local currency (the Kina) and management of the economy. The September 2011 monetary policy statement reports gross foreign exchange reserves of $3.8 million (with 10.5 months import cover) but 14.6 months import cover for non-mineral import cover. 
There is an expectation that mineral prices will increase from 2011 onwards, and thus there will revenue gains from this sector. Similarly, the increase in gold exports will contribute towards higher reserves as new mines begin production and higher grade ores are recovered from old mines. However, the decline in some commodity prices due to the slow recovery of the global economy will impact Papua New Guinea (PNG) negatively unless China and India continue to gobble natural resources including timber produced in PNG. A 10.9% appreciation of the kina against the U.S. dollar in the week ending on 23 September 2011 resulted from two sources: a weakened U.S. dollar and higher export receipts. The appreciation was not only in the bilateral nominal rate but also an 8.5% appreciation of the trade-weighted index, and a 4.7% appreciation of the real effective exchange rate in June quarter of 2011.
However, due to the political instability of PNG, some sectors such as tourism, timber
, oil and gas are likely to suffer from diminished or withdrawal of foreign direct investment flows.  In order to place the relationship between reserves and exchange rates in context, we adopt a two-regime threshold model below.
III. Model Specification
The estimation of regime-switching models to study the movement of economic variables is increasingly accomplished by two types of models: the Markov-switching models and the threshold VECM models. The Markov-switching models assume that the regime cannot actually be observed but is determined by an underlying stochastic process.  The threshold VECM models view modeling the regime as a continuous function of an observable variable. Analyzing exchange rates and reserves using threshold VECM models is more appropriate because the transition mechanism is controlled by official interventions in the market and hence is observable (Ahmad and Pentecost, 2005). 
Following Balke and Fomby (1997), Hansen and Seo (2002), and Ahmad and Pentecost (2005), the threshold vector of two endogenous variables are logs of international reserves (
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(1)  which is a 2 dimensional I(1) series with variables as defined above. The model assumes that series 
[image: image5.wmf]t

r

 and 
[image: image6.wmf]t

e

 have a long-run relationship with a cointegrating scalar of 
[image: image7.wmf]b

 that is to be estimated. A linear vector error correction model (VECM) of order 
[image: image8.wmf]1

l

+

 is presented as

[image: image9.wmf]1

'

ttt

xAXu

-

D=+











(2) where 
[image: image10.wmf]D

is the first order difference operator, the regressor is 
[image: image11.wmf]1

t

X

-

 is a k x1 matrix, 
[image: image12.wmf]D

is k x2, 
[image: image13.wmf]24

kl

=+

. The error term, 
[image: image14.wmf]t

u

 is assumed to be 2 x1 and with a finite covariance matrix
[image: image15.wmf](,')

tt

Euu

=

å

. If there is a threshold, then the coefficient matrix 
[image: image16.wmf]D

 determines the dynamics in each of the regimes assuming the cointegrating vector is a scalar. From (2), 
[image: image17.wmf]1

t

X

-

 can be written as


[image: image18.wmf]1

1

1

2

1

t

t

t

t

tl

w

x

X

x

x

-

-

-

-

-

æö

ç÷

ç÷

D

=

ç÷

D

ç÷

ç÷

D

èø

M












(3)

 If the log of the exchange rate is nonstationary, that is, I(1), then (1) represents a system that is cointegrated with the error-correction term,
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. Both ADF and PP unit root tests in Table 1 indicate that the exchange rates and international reserves are I(1) for all ten island economies. The Hansen and Seo (2002) paper on term structure of interest rates discusses imposing 
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 Again based on Hansen and Seo (2002) and Ahmad and Pentecost (2005), (2) could be written as:
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Note that (4) can be also written as:
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The maximum likelihood estimation (MLE) is used to estimate the threshold parameter, 
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Since there is no threshold, the linear model is relatively easy to estimate under the null of a null hypothesis (no threshold cointegration) since testing can carried based on the Lagrange Multiple (LM) principle. This is referred to literature as the Davies problem.
 Incidentally, this is test of null hypothesis of no linear cointegration and the alternative of threshold cointegration. However, the threshold parameter (
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where 
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where 
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With two endogenous variables
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The implementation of the MLE does not come with a fully fledged distribution theory or theory of inference.
 Hansen and Seo (2002) assume that in the threshold cointegration model 
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In this case, the search region [
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 (it is discontinuous if there is a threshold value), to implement (12) requires a grid search over space [
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 is also part of the indicator function which limits the use of Taylor series methods to simplify the problem.  Hansen and Seo (2002) suggest that asymptotic distribution theory applicable in the 
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Since the asymptotic distribution of 
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) in threshold tests is unknown, it can be calculated in two ways by simulation methods as in Hansen and Seo (2002). The fixed regressor bootstrap by Hansen (1996, 2000b) provides p-values when regressors 
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 are held at their sample values. The main advantage from getting p-values this way for threshold testing is that it allows for heteroskedasticity of unknown form. The ‘p-values are obtained by counting the percentage of simulated 
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(Hansen and Seo, 2002; p.304). There are two identifiable problems with the fixed regressor bootstrap method. First, since it only approximates the asymptotic distribution, it does not allow for an improved rate of convergence or asymptotic refinement. Second, it is difficult to include conditional heteroskedasticity without specifying a data-generating mechanism – often unknown. 
On the other hand, the second method known as the parametric residual bootstrap does require a complete specification of equation (3) in addition to assumptions about the error term (
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Since 
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 are both unknown, they must be estimated by MLE via a grid search method. We use the 
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test statistic and p-values from the fixed regressor bootstrap and the parametric residual bootstrap to test for the significance of the parameters. The model presented in this paper yields one threshold if the adjustment parameter differs significantly between two regimes.

IV. Estimation Results 
Prior to estimation, the log of reserves and reserves were tested for the presence of unit root using the ADF and PP tests and the results are reported in Table 2. In case of the ADF on levels, (*) all islands failed to reject the null of a unit root except Samoa. With first differences, the ADF (**) rejects the null of that the series have a unit root. With the use of the PP for levels, all series failed to reject the null of a unit root(x) while first differences reject the null of a unit for both series (z). We can conclude that all series are non-stationary I(1).
All results are reported in Table 3. For the most part, results tend to reject the presence of linear cointegration in favor of threshold cointegration since both p-values for fixed regressor and residual bootstraps are close to zero.
 
The estimated two-regime threshold for Cape Verde has a threshold 
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=-11.1. The first regime (extreme regime) has 12% of all observations while the second regime (usual regime) has 88% of observations. Eicker-White standard errors are reported in parentheses. The error-correction effects are borderline significant in both regimes. In the extreme regime, the exchange rate makes slightly more adjustments, but in the usual regime, reserves make much more adjustments toward the long run. From Figure 1, when [image: image120.png]> —1l.le, + 64.8
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[image: image122.png]< —1lle, + 6438






 QUOTE [image: image123.png]< —1lle, + 6438




  (extreme regime), a slight depreciation of the escudo (local currency) leads to a decrease in reserves. The estimated coefficient of  in the exchange rate models (
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) is negative and highly significant in the first regime. This indicates that in the extreme regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t. 
The Comoros results reject the null of a linear cointegration in favor of threshold cointegration.
 The threshold parameter, 
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=10.4 with the cointegration vector, 
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=1. The first regime has 14% of all observations (extreme regime) whereas the second regime (usual regime) has 86% of observations. In the first regime, the error-correction effect is significant in both the reserve and exchange rate equations, with reserves doing most of the adjustment (2.197). Figure 2 indicates a depreciation of the franc and a sharp fall in reserves before 
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) is negative and highly significant in both regimes. This again suggests that an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t. 
The estimated two-regime threshold VECM for Fiji has a threshold
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= 18.7 with the cointegration vector, 
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=1.2. The first regime (extreme) has 22% of observations while the second regime (usual) has 78% of observations. The error-correction effect is not as significant as in the previous case. From Figure 3, in the extreme regime, an increase in reserves is accompanied by an appreciation of the Fiji dollar.  In the usual regime, reserves bear more of the adjustment than the exchange rate. The estimated coefficient of 
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) is negative and highly significant in the first regime. This indicates that in the extreme regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.
In the Republic of Maldives (here after, Maldives) threshold cointegration, the estimated parameter is 
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=2.5 while the cointegrating vector
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=5.9. The first regime (extreme) has 7% of observations while the second regime (usual) has 93% of observations. In both regimes, most of adjustment occurs in reserves and the error-correction effect is significant, although the effect is much stronger in the extreme regime. The plot of the error-correction of  
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 in Figure 4 shows a significant increase in reserves and an appreciation of the rufiyaa to the left of the threshold. To the right of the threshold, reserves decrease and the rufiyaa depreciates. The estimated coefficient of 
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) is negative and significant in the usual regime. This indicates that in the usual regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.
The estimated two-regime threshold VECM for Papua New Guinea has a threshold
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=18.3 with the cointegration vector, 
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=0.5. The first regime (extreme) has 5% of observations while the second regime (usual) has 95% of observations. The error-correction effects are significant in the extreme regime. Again, reserves adjust much more than the exchange rate toward the long-run equilibrium. From Figure 5, in the usual regime, the reserves and the exchange rate are barely adjusting. In the extreme regime, depreciation in the exchange rate is accompanied by a sharp decrease in reserves. This is consistent with the extreme circumstances of a financial crisis or sudden stops. The estimated coefficient of 
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) is negative and highly significant in the extreme regime. This indicates that in the extreme regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.

The estimated two-regime threshold VECM for Samoa has a threshold
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= 15.1 with the cointegration vector, 
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=0.2. The first regime (extreme) has 9% of observations while the second regime (usual) has 91% of observations. The error-correction effects are significant in both regimes in the reserve equation. In the extreme regime, reserves adjust much more than the exchange rate. From Figure 6, in the extreme regime, a sharp fall in reserves is accompanied by a minor depreciation of the Tonga tala. However, in the usual regime, a slight appreciation of the tala is reflected in a fall in reserves, indicating an intervention in the foreign exchange market. The estimated coefficient of 
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) is negative and significant in the usual regime. This indicates that in the usual regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.

The Seychelles results indicate an estimated threshold of 
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=11 with the cointegration vector, 
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=2.6. The first regime has 10% of all observations (extreme regime) whereas the second regime (usual regime) has 90% of observations. In the extreme regime, the error-correction effect is significant only in reserve equation and significant only in the exchange regime in the usual regime. In the extreme regime, the response of reserves during error-correction is again more than the exchange rates. In the usual regime, the error-correction effect is significant only in the exchange rate equation, but the estimated coefficient on reserves is still bigger. As shown in Figure 7, in the extreme regime, a minor appreciation of the Seychelles rupee is associated with a sharp decrease in reserves, indicating an intervention in the foreign exchange market.  In the usual regime, a slight decrease in reserves is associated with a minor depreciation of the Seychelles rupee.
The estimated two-regime threshold VECM for Solomon Island has a threshold
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= 19.3 with the cointegration vector, 
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=-1.3.The first regime (usual) has 57% of observations while the second regime (extreme) has 43% of observations. The error-correction effects appear to be insignificant, but in the usual regime, the estimated coefficient of reserves is again much bigger than that of the exchange rate. From Figure 8, in the usual regime, a depreciation of the Solomon dollar is associated with a decrease in reserves.  In the other regime, a slight increase in reserves is associated with an appreciation of the exchange rate. The estimated coefficient of 
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) is negative and highly significant in the first regime. This indicates that in the extreme regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t. The estimated coefficient of  
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is insignificant in the other regime.
The estimated two-regime threshold VECM for Tonga has a threshold
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=15.1 with the cointegration vector, 
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=11.2. The first regime (usual) has 85% of observations while the second regime (extreme) has 15% of observations. The error-correction effect is barely significant in the exchange rate equation in the usual regime, but the estimated coefficient of reserves is again much bigger. In the extreme regime, the exchange rate seems to adjust more than reserves.   From Figure 9, a sharp decrease in reserves is accompanied by a slight depreciation of the Tonga pa’anga, indicating a continuous intervention in the foreign exchange market. In the other regime, an increase in reserves is associated with a big appreciation of the Tonga pa’anga, indicating the more recent phenomenon when high reserve holdings increase credit-worthiness and confidence in the markets and leads to appreciation of the currency. The estimated coefficient of 
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) is negative and highly significant in the extreme regime. This indicates that in the extreme regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.

The estimated two-regime threshold VECM for Vanuatu has a threshold
[image: image161.wmf]g

=68.9 with the cointegration vector, 
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=-11.6. The first regime (extreme) has 6% of observations while the second regime (usual regime) has 94% of observations. The error-correction effects are only barely significant in the exchange rate equation in the usual regime. However, in both regimes, the estimated coefficients of reserves are much higher. From Figure 10, in the extreme regime, an appreciation of the vatu (local currency) is associated with a sharp decrease in reserves. In the usual regime, an appreciation of the vatu is only associated with a minor drop in reserves. The estimated coefficient of 
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) is negative and significant in the usual regime. This indicates that in the usual regime, an increase (a decrease) in reserves in period t-1 will Granger-cause an appreciation (a depreciation) in the exchange rate in period t.

 V. Conclusion
The paper uses the threshold cointegration technique to examine the relationship between reserves and exchange rates for ten small island developing economies (SIDS). We employ a non-linear threshold autoregressive model that allows for heteroscedasticity in the error process. The results significantly reject the null of linear cointegration for all economies, paving way to test for threshold cointegration. The alternative hypothesis - threshold cointegration means the existence of a non-linear long-run dynamic relationship between reserves and exchange rates. For the most part, error-correction effects indicate that reserves adjust more than exchange rates. In addition, in the short-run, an increase (a decrease) in reserves in the previous period Granger-causes an appreciation (a depreciation) in the exchange rate in this period. This lends credence to the idea that small island economies are using reserves to reduce the volatility of the exchange rate. This is because the SIDS economies are more vulnerable to external shocks caused by exchange rate fluctuations. 
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Table 1: Currency and Main Economic Activities
	Country
	Domestic Currency 
	Main Economic Activities and Sources of Foreign Exchange Earnings

	Cape Verde
	Escudos
	fishing, tourism*,remittances *(huge capital inflows-,large reserves= 3.5 months import cover)

	Comoros
	Francs
	tourism*, cloves, vanilla, copra, perfume essences

	Fiji
	Fiji dollars
	remittances, tourism**, fishing*, sugar*, textiles

	Maldives
	rufiyaa
	agriculture, fishing, tourism *

	Papua New Guinea
	Kina 
	gas, copper, gold, timber, fish, palm oil, tourism** 

	Samoa
	Tala 
	tourism*, fishing*,agriculture, taro, bananas

	Seychelles
	Rupees
	tourism *,fishing, spices, cassava, cinnamon, bananas, copra

	Solomon Islands
	Solomon Island dollar 
	tourism (diving)*, fishing*, copra, palm oil, timber*

	Tonga
	Pa’anga
	remittances*, copra, bananas, tourism (underdeveloped)

	Vanuatu
	Vatu
	agriculture, tourism*, offshore financial services*(tax haven since 2008), beef production


Note: *= major source of export earnings and large contributor to reserves; **= reserve source under threat. Source: The World Factbook, CIA
Table 2: Unit Root Tests

	
	ADF
	PP

	Country
	Variables
	Level                  First Dif.
	Level                           First Dif.

	Cape Verde
	lcapvesc
	-2.69*                   -9.09**                -2.64 x                               25.66 z
-0.97*                   -10.98**              -0.77 x                               25.38 z

	
	lcapvres
	

	Comoros
	lcomfran
	-2.00*                   -9.69**                -2.27 x                               31.89 z
-1.32*                   -13.02**              -1.21 x                               39.25 z

	
	lcomres
	

	Fiji
	lfijid
	-1.84*                   -8.88**                -0.66 x                               17.64 z
-1.84*                   -11.88**              -2.18 x                               21.00 z

	
	lfijires
	

	Maldives
	lmalruf
	-1. 20*                  -11.83**              -2.27 x                               53.34 z
-2.43*                  -11.94**                 1.68 x                              15.23 z

	
	lmalres
	

	Papua New Guinea
	lpngki
	-1.05 *                  -8.71**                -1.39 x                               28.34 z
-1.19*                   -10.95**              -0.80 x                               17.73 z

	
	lpngres
	

	Samoa
	lsamta
	-3.42**                 -11.41**              -2.35 x                               44.86 z
-3.79**                 -8.53 **               -1.61 x                               70.52 z

	
	lsamres
	

	Seychelles
	lseyrup
	-1.56*                   -10.11**              -1.39 x                               28.34 z
-1.36*                   -8.80**                -1.17 x                               18.43 z

	
	lseyres
	

	Solomon Islands
	lsolrd
	-2.28*                   -11.02**              -1.37 x                               74.67 z
-1.24*                   -10.49**              -1.08 x                               32.69 z

	
	lnsolres
	

	Tonga
	ltonpaa
	-1.93*                   -9.20**                -1.37 x                               74.67 z
-0.78*                   -14.02**              -1.52 x                               36.95 z

	
	ltonres
	

	Vanuatu
	lvanuv

	-2.20*                   -10.94**              -1.89 x                               27.65 z

-1.31*                   -10.53**              -0.91 x                               34.49 z

	
	lvanres
	


*= ADF failed to reject the null of a unit root; ** = ADF rejected the null that the series has unit root; x = PP failed to reject the null of a unit root in the series, and z = PP rejected the null of a unit root in the series.
Table 3: Threshold VECMs
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Table 3: Threshold VECMs (Continued)
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Table 3: Threshold VECMs (Continued)
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Table 3: Threshold VECMs (Continued)
	
	
	First Regime
	Second Regime
	First Regime
	Second Regime

	Country
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Table 3: Threshold VECMs (Continued)
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Figure 1: Cape Verde -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 2: Comoros -- Exchange Rate and Reserve Response to Error-Correction Effect
[image: image236.png]Respanse

03

Response to Ertor-Cortection

025

reserves R(2)
exchange rate R(1)

10105
Error Correction

1115 12 125 13
RE)(-1}BetaR(1)(-1)




Figure 3 Fiji -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 4 Maldives -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 5 P.N. Guinea -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 6 Samoa -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 7 Seychelles -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 8 Solomon Islands -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 9 Tonga -- Exchange Rate and Reserve Response to Error-Correction Effect
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Figure 10 Vanuatu -- Exchange Rate and Reserve Response to Error-Correction Effect
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�** Corresponding Author, California State University Sacramento, CA 95819/ph. (916)-278-7653/email: yzhou@csus.edu


� The ECF replaced the Poverty Reduction and Growth Facility (PRGF) as the IMF’s main tool for medium-term financial support to low-income countries by providing a higher level access to financing, more concessional terms, enhanced flexibility in program design and streamlined conditionality. ECF have zero interest, reviewed every two years, a maturity of 10 years, and a grace period of 5 ½ years


� By 2012, the Comoros might benefit from an irrevocable debt reduction as eligible debt being cancelled by the IMF, the International Development Association (IDA), and the African Development Bank (ADfB).


� According to Balkani (2011), the Bank of Papua New Guinea (2011), the World Bank and other donors have cut funding for timber harvesting due to concerns for unregulated deforestation and environmental damage.


� We also imposed � EMBED Equation.DSMT4  ��� for all island economies and used the � EMBED Equation.DSMT4  ��� test to test for linear cointegration and threshold effects. The results are highly unsatisfactory. The results are available from us on request. Pippenger and Goering (2000) present evidence that point to the low power of linear cointegration tests in detecting threshold cointegration.


� For justification of the use of SupLM tests that avoid the Davies problem, see references cited by Hansen and Seo (2002): Davies (1987), Andrews (1993), and Andrews and Ploberger (1994).


� We are grateful to Hansen and Seo (2002) for allowing us a free download of MATLAB codes used in this paper. The codes are available at www.ssc.wisc.edu/~bhansen.


� Chan (1993) and Hansen (2000a, 2000b) have shown that threshold estimates have non-standard distributions and that currently, there is no relevant distribution.


� See Hansen (1996) for a discussion of inference when a nuisance parameter is not identified under the null hypothesis.


� Andrews (1993) has suggested that � EMBED Equation.DSMT4  ��� should not be too close to zero since such a choice reduces the power of the test. The justification of (12) (referenced in Hansen and Seo (2002)) is also found in Andrews and Ploberger (1994).


� The linear cointegration results are not reported for all island economies to conserve space. However these results are available from any of the two authors.


� The linear cointegration results are not reported for all island economies to conserve space. However these results are available from any of the two authors.
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