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中文摘要 

本篇論文使用 out-of-sample之匯率預測方法，並使用泰勒法則模型及基礎模型，

來比較各模型的預測能力，樣本為金融海嘯期間 2007/4-2012/6之台美匯率及金

融海嘯後 2012/7-2014/8之台美匯率，為了更有效捕捉台美政府的政策變動，我

們將失業率缺口也加入模型中，但研究結果發現泰勒法則模型仍較適用產出缺口，

使用產出缺口的模型較能打敗隨機預測模型在金融海嘯期間以及金融海嘯後期

間。而 Taylor rule fundamental models在金融海嘯期間表現較好，Taylor rule 

differential models則在金融海嘯後期間表現較好，除此之外，購買力平價模

型也有相當好的表現。 

 

關鍵詞：匯率、泰勒法則模型、樣本外預測、台美匯率 

 

Abstract 

This thesis evaluates out-of-sample exchange rate predictability of Taylor rule models 

and fundamental models, such as Purchasing Power Parity models, monetary models 

and interest rate differential models, using the USD/NTD exchange rate with real-time 

data during, and after the financial crisis. To capture the policy of the central bank’s 

policies, we use the output or the unemployment gap in Taylor rule models. While 

Taylor rule models with output gap outperformed the random walk model during and 

after financial crisis, Taylor rule models with unemployment gap rarely beat the 

random walk model. Purchasing Power Parity model’s predictability was also better 

than the random walk model during and after financial crisis. The performance of 

Taylor rule fundamental models was better during the financial crisis and the 

performance of Taylor rule differential models was better after the financial crisis. 

 

Key words: exchange rate, Taylor rule models, out-of-sample, USD/NTD. 
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1. Introduction 

This is a research about out-of-sample exchange rate predictability. Before we 

talk about the exchange rate, allow me to introduce the story behind the exchange rate 

of Taiwan and U.S. briefly. Taiwan is an economy which relies heavily on 

international trades. The amount of import and export trades of Taiwan has exceeded 

the amount of Taiwan’s actual GDP every year. Electronics industry and 

manufacturing industry’s products are two major parts of Taiwan’s export. These 

companies have to do international trades every day to sell their products to the world. 

In the age of globalization, international trades has become more and more important 

to Taiwan’s companies and whole economy. Every international companies in Taiwan 

such as Taiwan Semiconductor Manufacturing Co. and Hon Hai Co. do all their effort 

in international trade to keep themselves competitive in the world. 

Because of the significance of international trade in Taiwan, lots of researchers 

dedicate to the predictability of exchange rate. The issue of exchange rate is Inevitable 

in international trade. The volatility of exchange rate is a significant transaction risk to 

international enterprises and Taiwan’s government. No matter what the commodities 

are, all the trades will include exchange rate risk if they are international. This is the 

background of exchange rate issues in Taiwan. 

When we shift focus to the exchange rate, the most important and common used 

exchange rate in Taiwan is the exchange rate of New Taiwanese Dollars (NTD) to U.S. 

Dollars (USD). The story behind USD/NTD is also an intriguing part of exchange rate 

in Taiwan. There was near 50% of foreign currency trades are using the exchange rate 

of USD/NTD. The profitability of Taiwan’s enterprises is strongly related to the 

exchange rate of USD/NTD. Not even electronic and manufacturing industries, but 

also financial industry rely heavily on the exchange rate of USD/NTD.  
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1.1 Research motivation 

Table 1 The exchange rate of USD/NTD from 1994/1-2014/1 

 

The U.S. dollars’ exchange rate is always dominant in the world. It is also true 

for Taiwan. The USD/NTD exchange rate has been so important since 1949, the New 

Taiwanese dollar published. It is also one of the main topics of exchange rate in recent 

years. If we want to investigate the exchange rate of USD/NTD, first of all, we need 

to notice the economies of Taiwan and the U.S. The situations between two countries 

are so important in exchange rate predicting. The biggest issue of the financial 

situations is the financial crisis in 2008. This exchange rate had been more volatile 

after financial crisis (2008). The prediction of the exchange rate during the financial 

crisis became more challenging and important nowadays. During the early financial 

crisis (2007/4-2008/7), the U.S. dollars had depreciated a lot because the United 

States cut the interest rate in order to reduce the damage of subprime mortgage. In the 

middle of financial crisis (2008/7-2009/3), the U.S. dollars appreciated a lot from 
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USD 0.03294/ NTD to USD 0.02843/ NTD. In 2009/4-2011/5, the Fed decided to use 

quantitative easing policy, this is so called QE1, and the U.S. dollars again 

dramatically depreciated from USD 0.02956/ NTD to USD 0.03502 /NTD. No matter 

U.S. or Taiwan, both economics were crushed. The massive volatility of exchange rate 

is caused by many reasons. Besides the economics, but also both governments’ 

policies affected the exchange rate between USD and NTD. After the financial crisis, 

the U.S. dollars began a long and slow distance of appreciation. It was out of 

everyone’s expectation that U.S. economic recovered very fast after financial crisis. 

The U.S. economic has gotten stronger and stronger relative to other economic 

entities in the world. This might be the reason that U.S. dollars has appreciated in the 

recent two years and this trend may goes on in the future. 

There are too many factors behind the exchange rate. Especially for financial 

crisis period, some of these factors became significantly important. As we mentioned 

before, the exchange rate of USD/NTD has been so important for Taiwan’s 

government and Taiwan’s enterprises. This is the reason why we chose USD/NTD to 

be the underlying exchange rate in this research. The issues of this exchange rate is 

predicable or not worth Taiwanese researchers do a lot of effort. This is also the main 

research motivation of mine to find whether the exchange rate is explainable and 

predictable. Could we use variables to construct models and beat the random walk 

model? We will figure this out in the following sections. 

We decided to use the following models to test if they could beat the random 

walk model during the financial crisis period and non-financial crisis period. To 

choose the forecasting models, we started from basic fundamental models, such as 

Purchasing power parity model, interest rate differential model and monetary 

fundamental model. These fundamental models might explain the exchange rate from 

fundamental aspect. At the second part, we choose Taylor Fundamental models and 
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Taylor differential models. They are two main models of this research and the 

introductions of these models will be in the following sections. When we got a closer 

look at the exchange rate between U.S. and Taiwan, we could easily find out that the 

governments’ policies affected the exchange rate a lot. The policies were usually 

related to the country’s economic outcome such as unemployment rate, Gross 

Domestic Product (GDP) etc. The most important cases were the quantitative easing 

policies we have mentioned before. The quantitative easing policies have high 

correlation between unemployment rate and economic situation. Based on this point 

of view, we think adding factors that can stand for unemployment rate and economic 

situations may improve the models. To test if these factors truly improve the 

prediction, we did the following two changes. The first one is we decided to use 

unemployment gap to replace the output gap in both Taylor Fundamental models and 

Taylor differential models, to see whether these models will outperform the random 

walk model or not. The Second change is that we added an additional spread of 

Bloomberg Financial Index, to see if this economic based index can improve the 

forecasting. In the following sections, we will explain the research methods and 

results of these models. 

In this thesis’ results, we found out that Taylor rule fundamental models outperformed 

the random walk model during the financial crisis. Moreover, they performed better in 

the financial crisis period than the non-financial crisis period. On the other side, 

Taylor rule differential models performed better after the financial crisis. All Taylor 

rule models performed better with output gaps than unemployment gaps. About other 

models, we surprisingly noticed that Purchasing Power Parity models outperformed 

the random walk model during both the financial crisis period and non-financial crisis 

period. 
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2. Literature Review 

2.1 Exchange rate forecasting models 

Exchange rate forecasting models have been discussed in the past decades. The 

concept of using out of sample in forecasting exchange rate was first proposed by 

Meese and Rogoff (1983) in “Empirical Exchange Rate Models of the Seventies: Do 

They Fit Out of Sample?”. Using exchange rate data of Post-Bretton Woods System in 

1970, their empirical results showed that the exchange rate is unpredictable in the 

short run. After that, the hypothesis of exchange rate follows the random walk came 

up. Lots of researchers have devoted to test weather exchange rate is predictable or 

not since then.  

In the past few years, Engel, Mark and West (2008) used Purchasing Power 

Parity model, monetary model, and Taylor rule models, Molodtsova and Papell (2009) 

used a variety of Taylor rule fundamental models. They all tried to test if these model 

will outperformed the random walk model or not. Molodtsova and Papell used the 

data of Australian dollar, Canadian dollar, Franc, Swiss Franc, Deutsche Mark, Danish 

krone, Japanese Yen, Italian dollar, New Zealand dollar, Pound sterling 

and Portuguese dollar in exchange to U.S. dollars. Their empirical results found out 

that almost every currency in Post-Bretton Woods System outperformed the random 

walk model by using Taylor rule fundamental models. Only Portuguese dollar to U.S. 

dollar couldn’t reject null hypothesis under 5% significance. This was a great 

discovery and they also did further research by using Taylor differential models, 

monetary models, Purchasing Power Parity models and interest rate differential 

models in “Taylor Rule Exchange Rate Forecasting during the Financial Crisis” 

(2012). The underlying exchange rate is Euro to U.S. dollar. They found out that using 

unemployment gap instead of output gap in Taylor rule models could have a better 

predictability during the financial crisis.  
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As Taylor rule began to apply in exchange rate forecasting, more and more 

theses proved that Taylor rule models are effective in forecasting. Modified interest 

rate differential model, purchasing power parity model and monetary model have also 

been discussed. These models are going to be pivotal in the following sections. 

2.2 Performance evaluation 

    When we evaluated out-of-sample data, there are plenty of methods to test 

whether the exchange rate models outperformed the benchmark model or not. Clark 

and West (2006) proposed a statistic called CW statistic. It considers the use of mean 

squared prediction errors to evaluate the null that a given series follows a martingale 

difference against the alternative that the series is linearly predictable. CW statistic is 

used in this paper. After CW statistic, Campbell and Thompson (2008) proposed using 

𝑅𝑂𝑂𝑆
2  to test the exchange rate models performance. Welch and Goyal (2008) also 

proposed a similar concept ∆𝑅𝑀𝑆𝐸 to capture the performance of the exchange rate 

model. These two statistics were also used in this paper. 
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3. Methodology 

3.1 Exchange rate forecasting model 

In this paper, we use five major models comparing with random walk model, to 

show if these models performed better than random walk model. These models 

include interest rate differential model, purchasing power parity model, monetary 

fundamental model, Taylor rule fundamental model and Taylor rule differential 

model. 

Random Walk Model 

Meese and Rogoff (1983) evaluated exchange rate models out of sample. They 

used three different models compared with random walk model (RW model) and it 

turned out that random walk model outperformed. 

In a linear model, we may assumed that 

 

∆𝑒𝑡+1 = 𝛼 + 𝛽𝑥𝑡 + 𝜀𝑡+1                        (1) 

Where ∆𝑒𝑡+1 = 𝑒𝑡+1 − 𝑒𝑡 

      𝑥𝑡 is the economic variable of forecasting exchange rate 

In random walk model, the exchange rate was unpredictable. In another words, 

β = 0. 

Interest rate differential model 

According to interest rate differential model, the exchange rate forecasting 

equation is postulated as following, 

 

∆𝑒𝑡+1 = ω − 𝜔𝑖(𝑖𝑡 − 𝑖𝑡
∗)  + 𝑣𝑡                    (2) 

 

Where 𝑒𝑡 is the exchange rate NTD/USD, 𝑖𝑡 is the U.S. interest rate, 𝑖𝑡
∗ is the 

Taiwan’s interest rate. 
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This model is consistent with the carry trade literature, but it is not consistent 

with UIRP. In this equation, an increase in the U.S. interest rate relative to the 

Taiwan’s interest rate cause forecasted US dollars appreciation. It is not consistent 

with UIRP, where 𝜔𝑖 is equal to one, but it is consistent with carry trade literature, 

even with empirical evidence in Chinn (2006). Chinn showed that the UIRP may hold 

in the long run, it clearly does not hold in periods of less than one year. In this paper, 

we use monthly based model and it is not suitable using UIRP. This is the exchange 

rate forecasting equation used by Clark and West (2006). While they did not specify a 

sign for 𝜔𝑖, their successful results were consistent with a negative coefficient. 

Purchasing Power Parity model 

Following Mark (1995), most widely used approach to evaluate exchange rate 

models out of sample is to represent a change in the nominal exchange rate as a 

function of its deviation from its macro value. Therefore, the one-period ahead change 

in the log exchange rate can be modeled as a function of its current deviation from its 

fundamental value. 

 

∆𝑒𝑡+1 = ω − 𝜔𝑧𝑧𝑡 + 𝑣𝑡                       (3) 

Where 𝑧𝑡 = 𝑓𝑡 − 𝑒𝑡  and 𝑓𝑡  is the long-run equilibrium level of the nominal 

exchange rate determined by macroeconomic fundamentals. 

 

The Purchasing Power Parity fundamentals model assume that the exchange rate 

will follow PPP in the long-run to eliminate the deviations from long-run PPP, under 

PPP fundamentals, 

 

𝑓𝑡 = 𝑝𝑡 − 𝑝𝑡
∗                            (4) 

Where 𝑝𝑡 is the log of the U.S. price level and 𝑝𝑡
∗ is the log of Taiwan price level. 



 

9 
 

Monetary fundamental model 

The monetary fundamentals model assumes that exchange rate is factored by the 

relative demand and supply of money in the two country. Assuming purchasing power 

parity, UIRP hold and no rational speculative bubbles, following equation (5), 

 

𝑓𝑡 = (𝑚𝑡 − 𝑚𝑡
∗) − k(𝑦𝑡 − 𝑦𝑡

∗)                      (5) 

Where 𝑚𝑡 is the log of money supply and 𝑦𝑡 is the log of income in period t in U.S. 

𝑚𝑡
∗ is the log of money supply in Taiwan and 𝑦𝑡

∗ is the log of income in period t in 

Taiwan. This equation construct the monetary fundamentals with a fixed value of 

income elasticity, k, which we assume to be 1.0. It means that higher income will 

increase the same proportion of higher money demand. 

 

Taylor Rule Fundamentals Model 

According to the Taylor rule, the monetary policy rule is followed by central 

banks operating that can be specified as 

 

𝑖𝑡 = 𝜋𝑡 + 𝜑(𝜋𝑡 − �̅�) + 𝛾𝑦𝑡 + 𝑅                     (6) 

Where 𝑖𝑡 is the target for the short-term nominal interest rate, 𝜋𝑡  is the inflation rate, 

�̅� is the target level of inflation, 𝑦𝑡 is the output gap and R is the equilibrium level 

of the real interest rate. 

If inflation rate rises above the target level or output is above potential output, by 

Taylor rule, the central bank should raises the target short-term interest rate. In this 

paper, We also use unemployment gap to replace the output gap in equation (6) as in 

Blinker and Reis(2005) and Rudebusch(2010). We compare the performance of 

unemployment gap and output gap. The unemployment rate, by definition, is the 

difference between the unemployment rate and the natural rate of unemployment. In 
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that case, the coefficient γ would be negative because in reality, the Fed raises the 

interest rate when the unemployment rate is below the natural rate of unemployment. 

Taylor assumed that the output and inflation gaps enter the central banks reaction 

function with equal weights of 0.5 and that the equilibrium level of the real interest 

rate and the inflation target were both equal to 2 percent. 

The parameters �̅� and R can be combined into 

 

μ = R − 𝜑�̅�                            (7) 

Which we could conclude that 

 

𝑖𝑡 = 𝜇 + 𝜆𝜋𝑡 + 𝛾𝑦𝑡                        (8) 

Where 𝜆 = 1 + 𝜑 

 

The original Taylor rule can be modified by subtracting a multiple of the spread,  

 

𝑖𝑡 = 𝜇 + 𝜆𝜋𝑡 + 𝛾𝑦𝑡 − δ𝑠𝑡                       (9) 

Where 𝑠𝑡 is the spread, we would use Bloomberg FCI to stand for this spread later. 

 

Based on the equation above, we could construct the implied interest rate 

differential by subtracting the interest rate reaction function for the Taiwan from that 

for the U.S. This equation based on Taylor rule, can be written as 

 

𝑖𝑡 − 𝑖𝑡
∗ = 𝛼 + 𝜆(𝜋𝑡 − 𝜋𝑡

∗) + 𝛾(𝑦𝑡 − 𝑦𝑡
∗) − δ(𝑠𝑡 − 𝑠𝑡

∗)          (10) 

Where 𝛼 is constant. We assumed that the coefficients on inflation and the output 

gap are the same for the U.S. and Taiwan. 
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The exchange rate forecasting equation is as following, 

  

∆𝑒𝑡+1 = 𝜔 − 𝜔𝜋(𝜋𝑡 − 𝜋𝑡
∗) − 𝜔𝑦(𝑦𝑡 − 𝑦𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡       (11) 

Where ω is a constant, ωπ, ωy and ωs are positive coefficients. 

Alternatively, the unemployment gap differential can substitute for the output 

gap differential in equation (11). The variable 𝑒𝑡 is the log of the U.S. dollar nominal 

exchange rate determined as the domestic price of foreign currency, in another word, 

an increase in 𝑒𝑡 is a depreciation of the U.S. dollar. The difference between the U.S. 

and Asia Area Bloomberg FCIs, can be used as the measure of the spread differential. 

 

Taylor Rule differentials model 

There is an alternative Taylor rule based model proposed by Engel, Mark, and 

West (2008), which is called Taylor rule differentials model here. The difference 

between Taylor Rule differentials model and Taylor Rule Fundamental model is that 

Taylor Rule Differentials model posits that coefficients for the Taylor rule and 

subtract the interest rate reaction function for the Euro Area from that for the U.S. to 

obtain implied interest rate differentials,  

 

𝑖𝑡 − 𝑖𝑡
∗ = 2.0(𝜋𝑡 − 𝜋𝑡

∗) + 0.5(𝑦𝑡 − 𝑦𝑡
∗) + 0.1(𝑒𝑡 + 𝑝𝑡 − 𝑝𝑡

∗)        (12) 

 

    Where the constant is zero, assuming that the inflation target and equilibrium 

real interest rate are the same for U.S. and Europe. In this paper; we replace Euro 

Area with Taiwan. We also use both output gap and unemployment gap. In order to 

obtain an implied interest rate differential with the unemployment gap as the measure 

of real economic activity, we need to change the coefficients. We use Okun’s law to 

change the coefficient for unemployment gap. Okun’s law is as following, 
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Change in Output(%) = −2.0 × (change in unemployment rate(%) −α 

 

Where α is constant, we assume it to be zero. We use a coefficient of -1.0 for the 

unemployment gap. This is in consistent with a coefficient of 0.5 for the output gap if 

the Okun’s Law coefficient is 2.0. the equation (12) can be modified as 

 

𝑖𝑡 − 𝑖𝑡
∗ = 2.0(𝜋𝑡 − 𝜋𝑡

∗) − 1.0(𝑢𝑡 − 𝑢𝑡
∗) + 0.1(𝑒𝑡 + 𝑝𝑡 − 𝑝𝑡

∗)         (13) 

 

    This equation is only for using unemployment gap. 

The Taylor rule differential model using “Taylor’s original coefficients” would 

have a coefficient of 1.5 on the inflation differential, 0.5 on the output gap differential, 

and would not include the real exchange rate. During 2009 and 2010, Rudebusch 

(2010) and a number of commentators argued that the coefficient of output or 

unemployment gap coefficient for the U.S. should be double in Taylor original rule. 

This type of Taylor rule differentials model would have a coefficient of 1.0 on the 

output gap (or -2.0 on the unemployment gap) for the U.S. and -0.5 on the output gap 

(or 1.0 on the unemployment gap) for Taiwan. 

As the assumption above, we can rewrite the implied interest rate differential as 

 

𝑖𝑡 − 𝑖𝑡
∗ = 𝛼 + 1.5(𝜋𝑡 − 𝜋𝑡

∗) + 1.0𝑦𝑡 − 0.5𝑦𝑡
∗             (14) 

𝑖𝑡 − 𝑖𝑡
∗ = ß + 1.5(𝜋𝑡 − 𝜋𝑡

∗) − 2.0𝑢𝑡 + 1.0𝑢𝑡
∗             (15) 

 

Whereαand ß are constants. 
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We can construct an exchange forecasting equation by using the implied interest 

rate differential. 

 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) + 1.0𝑦𝑡 − 0.5𝑦𝑡

∗) + 𝜂𝑡          (16) 

The Taylor rule differentials model can also add another factor, the Bloomberg 

FCI differentials, 

 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) + 1.0𝑦𝑡 − 0.5𝑦𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡    (17) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

14 
 

3.2 Statistical Evaluation of Exchange Rate Predictability 

In order to compare the performance during financial crisis period with 

non-financial crisis period of each model, we use the following statistics to evaluate 

each model’s exchange rate predictability. 

 

1. Campbell and Thompson(2008) use 𝑅𝑂𝑂𝑆
2  

𝑅𝑂𝑂𝑆
2  compares the random walk model (RW model) to the conditional forecasts 

of an alternative model. 

 

𝑅𝑂𝑂𝑆
2 =1-

∑ (∆𝑒𝑡+1−∆�̂�𝑡+1|𝑡)2𝑇−1
𝑡=𝑀+1

∑ (∆𝑒𝑡+1−∆�̅�𝑡+1|𝑡)2𝑇−1
𝑡=𝑀+1

 

Where ∆𝑒�̅�+1 is demoted as the one-step ahead forecast from the random walk and 

∆�̂�𝑡+1 is the one-step ahead forecast from the alternative model. 

 

If 𝑅𝑂𝑂𝑆
2 > 0, the alternative model has better performance in forecasting than 

random walk model in the period. 

 

2. ∆𝑅𝑀𝑆𝐸, as in Welch and Goyal (2008) 

 

∆𝑅𝑀𝑆𝐸 = √
∑ (∆𝑒𝑡+1 − ∆𝑒�̅�+1|𝑡)2𝑇−1

𝑡=𝑀+1

𝑃
− √

∑ (∆𝑒𝑡+1 − ∆�̂�𝑡+1|𝑡)2𝑇−1
𝑡=𝑀+1

𝑃
 

 

A positive ∆ RMSE denotes that the alternative model outperforms the 

benchmark by having a lower RMSE. 

P is the number of observations. 
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3. Clark and West(2006) Statistic 

By comparing the mean squared prediction errors (MSPEs) from two nested 

models, there is another way to test whether an alternative model outperforms the 

benchmark or not. The benchmark model is a zero mean martingale difference process, 

while the alternative is a linear model.  

 

Model 1 : 𝑦𝑡 = 𝜀𝑡 

Model 2 : 𝑦𝑡 = 𝑋′𝑡𝛽 + 𝜀𝑡, where 𝐸𝑡+1(𝜀𝑡) = 0 

 

The main idea is that we test the null hypothesis that the MSPEs are equal 

against the alternative that the MSPE of the linear model 2 is smaller than the MSPE 

of the random walk model 1, this method is called Diebold-Mariano-West (DMW) 

test. 

CW statistic is proposed by Clark and West. It is an adjustment to the 

Diebold-Mariano-West (DMW) statistic, which corrects for the size distortions with 

nested models under the null. The main difference is that CW statistic defines the 

adjusted MSPE as 

 

𝑓2̅ = �̂�0
2 − (𝑎𝑑𝑗.  �̂�1

2)= �̂�0
2 − �̂�1

2 + 𝑃−1 ∑ (�̂�0,𝑡+1 − �̂�1,𝑡+1)2
𝑡  

�̂�0
2, �̂�1

2= sample MSPE from null and alternative model 

P is the number of observations. 
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In another aspect, CW methodology tests whether the regression coefficient 𝛽 is 

zero rather than whether the sample MSPE from the model-based forecast is smaller 

than the sample MSPE from the random walk. There is one important thing to 

mention is that it is possible to reject null hypothesis in favor of the linear model 

alternative and find evidence of predictability even when the MSPE of the random 

walk forecast is smaller than the MSPE of the linear forecast. This issue arises when 

the distribution of critical values is not centered around the point where the two 

MSPEs are equal. While this is not problematic in the context of testing for 

predictability, which is a test of whether the regression coefficient β is significantly 

different from zero, it is problematic in interpreting the results as evidence of 

forecasting ability, which is a test of whether the MSPE from the alternative model is 

smaller than the MSPE from the random walk. 

We report three test statistics to finger out whether the alternative model 

performed better than random walk model during the period of out of samples 

2007/4-2014/8. We also cut the data into two pieces, to see if the alternative model 

performed better during financial crisis or not. The cut point, 2012/6, is the end of 

QE2, is taken as the end of financial crisis in this paper. 
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4. Results 

4.1 Real-Time Data 

We use monthly based data from 1996/1-2014/8. There are 248 data points. The 

period 1996/1-2007/3 is set to be in samples, 2007/4-2012/6 to be out of samples 

during financial crisis and 2012/7-2014/8 to be out of samples without financial crisis. 

We use Industrial Production Index to stand for output. Money Market Rate 90 

Days-Middle Rate stands for Taiwan’s interest rate and T-BILL SEC Market 3 

Month-Middle Rate stands for U.S. interest rate. The Bloomberg Financial Condition 

Index (FCI) for “U.S.” and “Asia except Japan” are used to construct the spreads’ data. 

The Bloomberg FCI combines yield spreads and indices from the area’s Money 

Markets, Equity Markets, and Bond Markets into a normalized index. The values of 

this index are Z-scores, which represent the number of standard deviations that 

current financial conditions lie above or below the average. 

Finally, we use HP-filter to construct unemployment gap. The Table 2 shows the 

sources of the data. 

 

 

 

 

 

 

 

 

 

 

 



 

18 
 

Table 2 Sources of the data 

Area Name Time period Database 

Taiwan to U.S. Exchange rate(USD/NTD) 1996/1-2014/8 Datastream 

Taiwan M1A money supply 1996/1-2014/8 Datastream 

U.S. M1 money supply 1996/1-2014/8 Datastream 

Taiwan Consumer Price Index 1996/1-2014/8 Datastream 

U.S. Consumer Price Index 1996/1-2014/8 Datastream 

Taiwan Unemployment rate 1996/1-2014/8 Datastream 

U.S. Unemployment rate 1996/1-2014/8 Datastream 

Taiwan INDUSTRIAL PRODUCTION - 

TOTAL INDEX  

1996/1-2014/8 Datastream 

U.S. INDUSTRIAL PRODUCTION - 

TOTAL INDEX  

1996/1-2014/8 Datastream 

TW MONEY MARKET 90 DAYS - 

MIDDLE RATE 

1996/1-2014/8 Datastream 

U.S. T-BILL SEC MARKET 3 MONTH 

(D) - MIDDLE RATE 

1996/1-2014/8 Datastream 

Asia ex Japan Bloomberg Financial Condition 

Index(FCI) 

1999/1-2014/8 Bloomberg 

U.S. Bloomberg Financial Condition 

Index(FCI) 

1996/1-2014/8 Bloomberg 
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Table 3 Descriptive statistics 

 
∆𝑒𝑡+1 𝑝𝑡 − 𝑝𝑡

∗ 𝑖𝑡 − 𝑖𝑡
∗ 

sample mean -0.00040 0.00097 -0.00030 

sample deviation 0.01588 0.00861 0.00119 

kurtosis 7.77764 1.59491 0.73929 

skewness -1.17665 -0.03364 0.78312 

range 0.15351 0.06153 0.00579 

maximum -0.10041 -0.03618 -0.00313 

minimum 0.05309 0.02535 0.00267 

n 224 224 224 

 

 
𝑢𝑡 − 𝑢𝑡

∗ 𝑦𝑡 − 𝑦𝑡
∗ 𝑠𝑡 − 𝑠𝑡

∗ (FCI) 

sample mean -0.00502 -0.00008 -0.41476 

sample deviation 0.05418 0.04121 1.51301 

kurtosis 1.40142 10.33748 2.05614 

skewness -0.73599 2.20739 -0.93503 

range 0.33322 0.32201 9.34700 

maximum -0.19930 -0.08875 -6.73000 

minimum 0.13392 0.23326 2.61700 

n 224 224 188 
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4.2 Descriptive Statistics 

The descriptive statistics of spreads and the exchange rate we used in this paper, 

is disclosed in Table 3. ∆𝑒𝑡+1 is the change of exchange rate,  

𝑝𝑡 − 𝑝𝑡
∗ is the spread of Consumer Price Index, the sample mean of 𝑝𝑡 − 𝑝𝑡

∗ is 

0.000974 showing that U.S. CPI raised faster than Taiwan’s CPI. 𝑖𝑡 − 𝑖𝑡
∗ is the spread 

of interest rate, 𝑢𝑡 − 𝑢𝑡
∗ is the spread of unemployment rate, 𝑦𝑡 − 𝑦𝑡

∗ is the spread 

of output(GDP) and 𝑠𝑡 − 𝑠𝑡
∗  is the spread of Bloomberg Financial Condition 

Index(FCI) between U.S. and Non-Japan Asia Area.  

We could explained the characteristics of these spreads as following. The sample 

mean of ∆𝑒𝑡+1  is -0.0004. It explained that in the sample period, U.S. dollars 

appreciated more often than New Taiwanese dollars. The kurtosis coefficient is 

7.777643, exhibited that it is highly lepto kurtosis and according to the skewness it is 

also highly left skewed. 𝑖𝑡 − 𝑖𝑡
∗ showed a platy kurtosis. 𝑦𝑡 − 𝑦𝑡

∗ has a relatively 

small sample mean, but it is highly lepto kurtosis and right skewed. In the aspect of 

data’s standard deviation. 𝑠𝑡 − 𝑠𝑡
∗ has the highest standard deviation 1.513005109 

compare to other spreads. 
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4.3 Empirical results 

Now we are going to discuss the regression results of two different in-the-sample 

duration. At the first part, we would like to forecast the financial crisis period 

2007/4-2012/6. We used duration 1996/1-2007/3 to forecast the financial crisis period. 

The results are shown in Table 5. At the second part, when we were going to forecast 

duration 2012/7-2014/8, the non-financial crisis period. We use a longer in-the-sample 

duration, 1996/1-2012/6, to forecast the non-financial crisis period, 2012/7-2014/8, 

without losing any data points. The results are shown in following Table 6. 

As we could see in Table 5, In Taylor Fundamental models, the coefficients are 

seldom significant, only the coefficient of output gap in Taylor Fundamental model 

with output gap and financial spread and the coefficient of unemployment gap in 

Taylor Fundamental model with unemployment gap and financial spread are 

significant. However, these results did not stand for these models performed badly in 

forecasting period. Models with output gap performed much better than the random 

walk benchmark in 2012/7-2014/8.  

In Taylor differential models of Table 5, the coefficients with unemployment gap 

are more significant. The most worth mentioned is Taylor differential model with 

unemployment gap and FCI spread. The coefficient - �̂�𝑖  is highly significant, 

t-statistics is -2.8206 with 1% significance, but unfortunately, the forecasting 

performance is much worse than the random walk model. In fundamental models of 

table3, only the coefficient of PPP model is significant and it also performed well in 

forecasting. The Interest rate differential model and Monetary fundamental model 

didn’t have significant coefficients. 

Table 6 is the coefficients using in-the-sample 1996/1-2012/6. As the data got 

bigger, the output gap coefficient got more significant in Taylor Fundamental model, 

with t statistic -2.12474 at 5% significance, and in Taylor Fundamental model with 
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FCI spread, with t statistic -2.83985 at 1% significance. In conclusion, output gap was 

getting much more important in these periods.  

In Taylor differential models of Table 6, we could see the same results as Taylor 

fundamental results. Two Taylor differential models with output gap’s coefficients -�̂�𝑖 

became significant. Besides, as long as the data got bigger, the coefficients of Taylor 

differential model with unemployment gap and FCI spread became insignificant when 

the data expanded. 

The last three fundamental models’ results are also similar in Table 5. Only PPP 

model’s coefficient was significant with 5% significance. The Interest rate differential 

model and monetary fundamental model still didn’t have significant coefficients. 

    The cases of Taylor differential model with unemployment gap and FCI spread 

were so different between Table 5 and Table 6. The coefficient for �̂�𝑖  using 

in-the-sample 1999/1-2007/3 is -0.04304 and it is highly significant, but when we 

expanded the in-the sample data to 1996/1-2012/6, the t statistic became no more 

significant. In order to get a closer look, we calculate the correlation between ∆𝑒𝑡+1 

and 1.5(𝜋𝑡 − 𝜋𝑡
∗) − 2.0𝑢𝑡 + 1.0𝑢𝑡

∗ . We found out that the correlation during 

1999/1-2007/3 was -0.28911 and it was highly significant. On the other hand, the 

correlation during 2007/4-2012/6 was 0.014446. The correlation changed into 

opposite direction during the financial crisis. This might explain why this model 

under performed during the financial crisis and the regression coefficient using 

in-the-sample 1999/1-2012/6 became insignificant. The fundamental reason behind 

this situation might be that the exchange rate changed dramatically during the 

financial crisis. The regression using in-the-sample 1999/1-2007/3 could hardly 

explain anything during the financial crisis. We did the same regression using 

financial crisis data 2007/4-2012/6. The result came up with a 𝑅2 0.059489, showing 

that the explanation ability of variables was terrible. The exchange rate was 
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unpredictable by using Taylor differential model with unemployment gap and FCI 

spread during the financial crisis. 

In Table 7, Table 8 and Table 9, we show the evaluation statistics of each models. 

Table 7 shows the forecasting performance with duration 2007/4-2014/8. We could 

simply find out that no matter Taylor Fundamental models or Taylor differential 

models, models performed better than benchmark if they are with output gap 

coefficient. Every model with output gap beat the benchmark model in 𝑅𝑜𝑜𝑠
2  and 

∆𝑅𝑀𝑆𝐸. Although the CW statistics were not significant, they still outperformed the 

random walk model. 𝑅𝑜𝑜𝑠
2  for the Taylor differential model with output gap’s is 

2.06%, ∆𝑅𝑀𝑆𝐸  is 0.000162 and CW statistic is 1.014953. Besides model with 

output gap, Purchasing Power Parity model also beat the random walk model. 

Moreover, it had the best performance of among all models. PPP model’s 𝑅𝑜𝑜𝑠
2  

reached 2.46%, ∆𝑅𝑀𝑆𝐸 reached 0.000193757 and the CW statistic is 1.6596, also 

significant at 10% level. When we focused on the FCI spread, we could easily see that 

FCI spread didn’t help any models performed better and it only made them worse. 

Table 8 shows the results focus on the financial crisis period. We could realize 

that the models with output gap performed better than the models with unemployment 

gap. Moreover, the models with output gap all outperformed the benchmark model. 

Taylor Fundamental model with output gap and FCI spread had the best performance 

overall, with 𝑅𝑜𝑜𝑠
2  2.67%, ∆𝑅𝑀𝑆𝐸 0.000238 and CW statistic 1.254989. PPP model 

and Taylor differential model with output gap also has excellent performance during 

the financial crisis with 𝑅𝑜𝑜𝑠
2  2.56% and 2.15%, respectively. The FCI spread only 

helped Taylor Fundamental model with output gap performed better. In other cases, 

the FCI spread only made the prediction worse. The CW statistics are not significant 

in Table 8 The reason might be the high volatility of the exchange rate during 

financial crisis, but still there were some models beat the random walk model with 
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positive 𝑅𝑜𝑜𝑠
2  and ∆𝑅𝑀𝑆𝐸. 

Table 9 are the evaluation statistics after financial crisis 2012/7-2014/8. The 

performance of Taylor Fundamental model with output gap dropped dramatically. 

Taylor Fundamental model with output gap and FCI spread even underperformed the 

random walk model. Taylor Fundamental model with unemployment gap was out of 

our expectation, beating the benchmark model during the non-financial crisis period, 

with 𝑅𝑜𝑜𝑠
2  1.02%, ∆𝑅𝑀𝑆𝐸  0.000045 and CW statistic 0.54676. The Taylor 

differential models with output gap had the best performance with 𝑅𝑜𝑜𝑠
2   3.70% and  

∆𝑅𝑀𝑆𝐸  0.000163 and CW statistic 1.00361during non-financial crisis. PPP model 

still outperformed the benchmark model, with 𝑅𝑜𝑜𝑠
2  1.23%, ∆𝑅𝑀𝑆𝐸 0.000054 and 

CW statistic 0.74978. 
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4.4 Summary of results 

Original output gap performed better than unemployment gap 

The outcomes show that no matter Taylor Fundamental models or Taylor 

differential models, the models with original output gap performed better than the 

models with unemployment gap. The reason behind this result is that the output gap 

could catch the actual GDP gap and this was a key factor of the exchange rate. The 

exchange rate is affected by GDP of both the U.S. and Taiwan. When the output gap 

increase, it meant that the U.S. is relatively more productive than Taiwan and the U.S. 

dollars became more valuable. Oppositely, when the output gap decrease, NTD will 

become more valuable. The output gap was also more suitable in monthly base. 

On the other hand, unemployment gap was a relatively obscure factor. Although 

the QE policies were driven by the U.S. economic and unemployment rate, the 

financial crisis shocked not only U.S. unemployment rate but also Taiwan’s 

unemployment rate. The gap between U.S. and Taiwan became volatile, as we could 

see the standard deviation of unemployment gap in Table 3 is 0.054178. It is higher 

than the standard deviations of inflation gap, interest differential gap and output gap. 

This high volatility made unemployment gaps hard to explain the exchange rate. In 

addition, the adjustment speed of unemployment rate is not as instant as that of output. 

Therefore, the fundamental influence of unemployment gap in monthly base became 

insignificant. This might be the reason why the models with unemployment rate didn’t 

performed better than the benchmark model in this research. 
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Taylor fundamental models had better performance during financial crisis 

    The Taylor fundamental models performed better than the random walk 

benchmark model during the financial crisis, but we were surprised to find out that the 

Taylor fundamental models didn’t performed well after financial crisis. The reason 

behind this phenomenon was that we used in-the-sample data from 1996/1 to 2012/6. 

This data includes non-financial crisis data and financial crisis data. The structure of 

the models might change during the financial crisis. It caused the regression 

coefficients of output gaps, unemployment gaps, inflation spreads and FCI spreads 

became unstable. This might be the reason why Taylor Fundamental models 

performed better in financial crisis periods than non-financial crisis periods. 

Taylor differential models had better performance after financial crisis 

    Taylor differential models have strict definitions of coefficients. We use Taylor’s 

original coefficients and we use Okun’s law to modify as we mentioned before. These 

coefficients could not estimate respectively like Taylor Fundamental models. The 

have special meaning behind them. The definitions of Taylor original coefficients are 

designed for period without financial crisis. In special conditions, like financial crisis, 

these coefficients may not be suitable. That’s why Taylor differential models 

performed better during the non-financial crisis period. 
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Purchasing Power Parity model  

PPP model outperformed the random walk model during the financial crisis 

period and non-financial crisis period. The reason why PPP model performed very 

well during two periods is that PPP model used the Consumer Price Index, which 

stands for a country’s currency purchasing power and it is straightly tightened with 

the exchange rate. Because of the prosperity of commercial activities, the products 

which traded between two countries are tightened with the exchange rate instantly. 

The prices of the products fluctuate with exchange rate quickly. This is the main 

reason why PPP model could perform better than other models in predicting the 

exchange rate and Consumer Price Index is such an important factor that we could not 

ignore. Moreover, the economy situation had changed from time to time, but it did not 

affect the prediction ability of PPP model because the PPP model focus on the 

purchasing power of two currencies. Most of the adjustments due to the economy 

situation are factored in the price indexes of two countries. This result didn’t mean 

that the economy situation such as financial crisis was not important. As a matter of 

fact, the inflation gap is a pivotal variable that reflect the economy situation and the 

PPP could outperformed in both financial crisis period and non-financial crisis period. 
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5. Conclusion 

The period of financial crisis (2007/4-2012/6) was a very specific period that the 

government’s policies were significant matter to exchange rate. This is also the merit 

of Taylor rule models because Taylor rule models could capture both interest rates 

spread and output gap. That’s the rationale that the best performance during the 

financial crisis in this thesis is the Taylor Fundamental model with output gap and FCI 

spread. This model also performed better than it did in non-financial crisis period. 

After the financial crisis (2012/6-2014/8), the global market was in recovery. The 

GDP of both Taiwan and US have become more and more important, so that output 

gaps still a variable that could not be ignored. Taylor rule models still stand an 

important role in predicting exchange rate. Moreover, Taylor differential models 

performed better than Taylor Fundamental models. The best performance during the 

non-financial crisis period in this thesis is the Taylor rule differential models with 

output gap.  

About the unemployment gap, although Molodtsova and Papell (2012) found it 

was very successful using Taylor rule models with unemployment gap for the 

exchange rate of US dollar per Euro, it was certainly not suitable for USD/NTD in 

Taiwan. Taylor rule models with output gap were still performed better during both 

financial crisis period and non-financial crisis period in Taiwan.  
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Based on the results we found in this thesis, as we could see in Table 10, the best 

strategy is that we should use Taylor Fundamental model during specific period like 

financial crisis. During the periods without special financial events, we should use 

Taylor differential models. If we would like to predict a long period of time, which 

has a high probability of including structure changing, we should use Purchasing 

Power Parity model. 

In summary, Taylor rule models with output gap are the most useful models in 

Taiwan for predicting exchange rate of USD/NTD, but we still could not forget 

Purchasing Power Parity model. It also gave us a stable outperformed predictability 

during the whole period.
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Table 4 Summary of Regressions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: the table shows the regression of each model. This table will be used in the following table. 

Model Regression 

Taylor Fundamental model  

with output gap 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝜋(𝜋𝑡 − 𝜋𝑡
∗) − 𝜔𝑦(𝑦𝑡 − 𝑦𝑡

∗) + 𝜂𝑡 

Taylor Fundamental model  

with output gap and FCI spread 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝜋(𝜋𝑡 − 𝜋𝑡
∗) − 𝜔𝑦(𝑦𝑡 − 𝑦𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡 

Taylor Fundamental model  

with unemployment gap 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝜋(𝜋𝑡 − 𝜋𝑡
∗) − 𝜔𝑢(𝑢𝑡 − 𝑢𝑡

∗) + 𝜂𝑡 

 

Taylor Fundamental model  

with unemployment gap and FCI spread 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝜋(𝜋𝑡 − 𝜋𝑡
∗) − 𝜔𝑢(𝑢𝑡 − 𝑢𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡 

 

Taylor differential model  

with output gap 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) + 1.0𝑦𝑡 − 0.5𝑦𝑡

∗) + 𝜂𝑡 

 

Taylor differential model  

with output gap with FCI spread 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) + 1.0𝑦𝑡 − 0.5𝑦𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡 

 

Taylor differential model  

with unemployment gap 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) − 2.0𝑢𝑡 + 1.0𝑢𝑡

∗) + 𝜂𝑡 

 

Taylor differential model  

with unemployment gap with FCI spread 

∆𝑒𝑡+1 = 𝜔 − 𝜔𝑖(1.5(𝜋𝑡 − 𝜋𝑡
∗) − 2.0𝑢𝑡 + 1.0𝑢𝑡

∗) + 𝜔𝑠(𝑠𝑡 − 𝑠𝑡
∗) + 𝜂𝑡 

 

PPP model ∆𝑒𝑡+1 = ω − 𝜔𝑧𝑧𝑡 + 𝑣𝑡 

𝑧𝑡 = 𝑓𝑡 − 𝑒𝑡, 𝑓𝑡 = 𝑝𝑡 − 𝑝𝑡
∗ 

Interest rate differential model ∆𝑒𝑡+1 = ω − 𝜔𝑖(𝑖𝑡 − 𝑖𝑡
∗) + 𝑣𝑡 

Monetary fundamental model ∆𝑒𝑡+1 = ω − 𝜔𝑧𝑧𝑡 + 𝑣𝑡 

𝑧𝑡 = 𝑓𝑡 − 𝑒𝑡, 𝑓𝑡 = (𝑚𝑡 − 𝑚𝑡
∗) − k(𝑦𝑡 − 𝑦𝑡

∗) 
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Table 5 Summary of coefficients (Regression sample: 1996/1-2007/3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: the first column for Taylor differential models represents the coefficient of 𝜔𝑖. The numbers in the bracket are the t-statistics of each coefficient. *, ** 

and *** denote the test statistics significant at 10%, 5% and 1% level, respectively. 

 

 (𝜋𝑡 − 𝜋𝑡
∗) or 𝜔𝑖 (𝑦𝑡 − 𝑦𝑡

∗) or (𝑢𝑡 − 𝑢𝑡
∗) (𝑠𝑡 − 𝑠𝑡

∗) 

Taylor Fundamental model  

with output gap 

-0.12684(-0.81346) -0.04383(-0.80891)  

Taylor Fundamental model  

with output gap and FCI spread 

0.07285(0.48331) -0.07785(-1.74252*) -0.00077(-0.68863) 

Taylor Fundamental model  

with unemployment gap 

-0.11985(-0.77043) 0.01379(0.61042)  

Taylor Fundamental model  

with unemployment gap and FCI spread 

0.09112(0.60951) 0.04517(1.95423*) -0.00065(-0.58572) 

Taylor differential model  

with output gap 

-0.10650(-1.35013)   

Taylor differential model  

with output gap with FCI spread 

-0.07699(-1.05076)  -0.00078(-0.69762) 

Taylor differential model  

with unemployment gap 

-0.03154(-1.87497*)   

Taylor differential model  

with unemployment gap with FCI spread 

-0.04304(-2.82060***)  0.00013(0.110053) 

PPP model 0.02207(1.89622*)   

Interest rate differential model 1.42634(1.40785)   

Monetary fundamental model 0.00171(0.16157)   
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Table 6 Summary of coefficients (Regression sample: 1996/1-2012/6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: the first column for Taylor differential models represents the coefficient of 𝜔𝑖. The numbers in the bracket are the t-statistics of each coefficient. *, ** 

and *** denote the test statistics significant at 10%, 5% and 1% level, respectively.

 (𝜋𝑡 − 𝜋𝑡
∗) or 𝜔𝑖 (𝑦𝑡 − 𝑦𝑡

∗) or (𝑢𝑡 − 𝑢𝑡
∗) (𝑠𝑡 − 𝑠𝑡

∗) 

Taylor Fundamental model  

with output gap 

-0.04065(-0.30882) -0.05754(-2.12474**)  

Taylor Fundamental model  

with output gap and FCI spread 

0.09909(0.74112) -0.06841(-2.83985***) 0.00064(0.80807) 

Taylor Fundamental model  

with unemployment gap 

-0.03723(-0.27912) 0.00314(0.15085)  

Taylor Fundamental model  

with unemployment gap and FCI spread 

0.09825(0.71807) 0.01872(0.82802) 0.00044(0.54097) 

Taylor differential model  

with output gap 

-0.10671(-2.16072**)   

Taylor differential model  

with output gap with FCI spread 

-0.10198(-2.20795**)  0.00065(0.81671) 

Taylor differential model  

with unemployment gap 

-0.01397(-1.11436)   

Taylor differential model  

with unemployment gap with FCI spread 

-0.01640(-1.39383)  0.00047(0.57837) 

PPP model 0.02719(2.52830**)   

Interest rate differential model 1.29084(1.36607)   

Monetary fundamental model -0.00248(-0.36094)   
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Table 7 Summary of performance (Duration 2007/4-2014/8) 

 

Notes: the table reports the out of sample 𝑅𝑜𝑜𝑠
2 , ∆𝑅𝑀𝑆𝐸 and CW statistic of each 

model. * denotes test statistics that performed better than random walk model for 

𝑅𝑜𝑜𝑠
2  and ∆𝑅𝑀𝑆𝐸. For CW test statistics, * denote test statistics are significant at 

10% level. 

 

 

 

 𝑅𝑜𝑜𝑠
2  ∆𝑅𝑀𝑆𝐸 CW Statistic 

Taylor Fundamental model 

with output gap 

1.89%* 

 

0.000149* 

 

0.83570 

 

Taylor Fundamental model 

with output gap and FCI 

spread 

1.48%* 

 

0.00012* 

 

1.20908 

 

Taylor Fundamental model 

with unemployment gap 

-3.48% 

 

-0.00027 

 

-0.87526 

 

Taylor Fundamental model 

with unemployment gap 

and FCI spread 

-6.60% 

 

-0.00051 

 

-1.33003 

 

Taylor differential model 

with output gap 

2.06%* 

 

0.00016* 

 

1.01495 

 

Taylor differential model 

with output gap with FCI 

spread 

0.62%* 

 

0.00005* 

 

0.82696 

 

Taylor differential model 

with unemployment gap 

-8.10% 

 

-0.00062 

 

-0.59853 

 

Taylor differential model 

with unemployment gap 

with FCI spread 

-10.11% 

 

-0.00077 

 

-0.33206 

 

PPP model 2.46%* 0.00019* 1.65960* 

Interest rate differential 

model 

-2.87% -0.00022 -0.16319 

Monetary fundamental 

model 

-2.79% 

 

-0.00022 

 

-0.54223 
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Table 8 Summary of performance (Duration 2007/4-2012/6) 

 

Notes: the table reports the out of sample 𝑅𝑜𝑜𝑠
2 , ∆𝑅𝑀𝑆𝐸 and CW statistic of each 

model. * denotes test statistics that performed better than random walk model for 

𝑅𝑜𝑜𝑠
2  and ∆𝑅𝑀𝑆𝐸. For CW test statistics, * denote test statistics are significant at 

10% level. 

 

 

 𝑅𝑜𝑜𝑠
2  ∆𝑅𝑀𝑆𝐸 CW Statistic 

Taylor Fundamental model 

with output gap 

1.93%* 

 

0.00017* 

 

0.76013 

 

Taylor Fundamental model 

with output gap and FCI 

spread 

2.67%* 

 

0.00024* 

 

1.25499 

 

Taylor Fundamental model 

with unemployment gap 

-3.88% 

 

-0.00034 

 

-1.06075 

 

Taylor Fundamental model 

with unemployment gap 

and FCI spread 

-5.48% 

 

-0.01822 

 

-1.12981 

 

Taylor differential model 

with output gap 

2.15%* 

 

0.00019* 

 

0.92826 

 

Taylor differential model 

with output gap with FCI 

spread 

0.72%* 

 

0.00006* 

 

0.75363 

 

Taylor differential model 

with unemployment gap 

-7.76% 

 

-0.00068 

 

-0.52267 

 

Taylor differential model 

with unemployment gap 

with FCI spread 

-10.07% 

 

-0.00087 

 

-0.23695 

 

PPP model 2.56%* 0.00023* 1.58690 

Interest rate differential 

model 

-2.38% -0.00021 -0.18711 

Monetary fundamental 

model 

-2.74% 

 

-0.00024 

 

-0.59618 
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Table 9 Summary of performance (Duration 2012/7-2014/8) 

 

Notes: the table reports the out of sample 𝑅𝑜𝑜𝑠
2 , ∆𝑅𝑀𝑆𝐸 and CW statistic of each 

model. * denotes test statistics that performed better than random walk model for 

𝑅𝑜𝑜𝑠
2  and ∆𝑅𝑀𝑆𝐸. For CW test statistics, * denote test statistics are significant at 

10% level. 

 

 

 𝑅𝑜𝑜𝑠
2  ∆𝑅𝑀𝑆𝐸 CW Statistic 

Taylor Fundamental model 

with output gap 

0.16%* 

 

0.00001* 

 

0.39527 

 

Taylor Fundamental model 

with output gap and FCI 

spread 

-7.39% 

 

-0.00032 

 

-0.42667 

 

Taylor Fundamental model 

with unemployment gap 

1.02%* 

 

0.00004* 

 

0.54676 

 

Taylor Fundamental model 

with unemployment gap 

and FCI spread 

-7.43% 

 

-0.00032 

 

-1.17031 

 

Taylor differential model 

with output gap 

3.70%* 

 

0.00016* 

 

1.00361 

 

Taylor differential model 

with output gap with FCI 

spread 

1.62%* 

 

0.00007* 

 

0.95203 

 

Taylor Differential model 

with unemployment gap 

-2.89% 

 

-0.00012 

 

-0.48106 

 

Taylor Differential model 

with unemployment gap 

with FCI spread 

-3.96% 

 

-0.00017 

 

-0.42879 

 

PPP model 1.23%* 0.00005* 0.74978 

Interest rate differential 

model 

-2% -0.00008 0.04859 

Monetary fundamental 

model 

-1% -0.00003 -1.29894 
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Table 10 Summary of performance ranking using 𝑅𝑜𝑜𝑠
2  

 

Notes: The number stand for the ranking of 11 models during each period. * denotes 

test statistics that performed better than random walk model for 𝑅𝑜𝑜𝑠
2  and ∆𝑅𝑀𝑆𝐸 

 

 

 

 

 2007/4-2012/6 2012/7-2014/8 2007/4-2014/8 

Taylor Fundamental model 

with output gap 

4* 5* 3* 

Taylor Fundamental model 

with output gap and FCI 

spread 

1* 10 4* 

Taylor Fundamental model 

with unemployment gap 

8 4* 8 

Taylor Fundamental model 

with unemployment gap 

and FCI spread 

9 11 9 

Taylor differential model 

with output gap 

3* 1* 2* 

Taylor differential model 

with output gap with FCI 

spread 

5* 2* 5* 

Taylor Differential model 

with unemployment gap 

10 8 10 

Taylor Differential model 

with unemployment gap 

with FCI spread 

11 9 11 

PPP model 2* 3* 1* 

Interest rate differential 

model 

6 7 7 

Monetary fundamental 

model 

7 6 6 
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