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Abstract: 
 

 

This research aims to measure illiquidity noise in the international sovereign 

bond market, by analyzing the level of noise in our selected countries during 

normal times and especially during crises. The research will also focus on 

identifying potential arbitrage opportunities in the bond market by studying the 

informativeness of the noise in the price of bonds, in relation to the expected 

shape of sovereign yield curves. The results indicate that there is a positive 

relationship between our noise measure and the occurrence of crises, indicating 

a clear association with market illiquidity during these challenging periods. 

However, our analysis also uncovers multiple periods of substantial noise in 

our international sovereign bonds which implies more periods of illiquidity and 

arbitrage opportunities.     
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1.0 Introduction 

Our objective is to conduct an analysis in which we develop an illiquidity noise 

measure for the international sovereign bond market. The inspiration for this 

analysis stems from the research paper "Noise as Information for Illiquidity" 

published by (Hu et al. JF, 2013). In this paper, a noise measure was developed 

specifically for the US Treasury market to identify periods of illiquidity. These 

noise peaks align with periods of market crises characterized by a significant 

decrease in market liquidity. We intend to investigate whether similar events 

occurred in the international sovereign bond market by applying a comparable 

approach to construct an illiquidity noise measure. By doing so, we seek to 

uncover patterns of illiquidity and examine whether they align with historical 

market crises. The level of liquidity in the financial market is closely connected 

to arbitrage capital. So therefore during normal times investment banks and 

hedge funds will have richly with arbitrage capital to supply liquidity in the 

market. This leads to eliminating most of the arbitrage opportunities in the 

market because assets are then being traded at prices closer to fundamental 

value. However in times of market crisis, this is not the case, then the liquidity 

in the market dries up and the willingness to deploy the market diminishes. 

Further, this limits the arbitrage capital available and assets can therefore be 

traded at prices in difference of their fundamental value. Thus, temporary price 

deviations, or noise in prices, being a key symptom of shortage in arbitrage 

capital, contains important information about the amount of liquidity in the 

aggregate market. We, therefore, want to make an analysis of the noise in the 

price of the sovereign bond market and study its informativeness of overall 

market illiquidity.  

  

This line of research is important because the “illiquidity noise” measure could 

help investors to identify potential arbitrage opportunities in the bond market. 

The concept of potential arbitrage opportunities is when the Sovereign yield 

curves are not in their expected shapes. So therefore we can identify 

“illiquidity noise” on the bonds, leading to arbitrage opportunities between the 

actual curves and the expected curves. Another reason why this theme is 

relevant for investigating is for analyzing what macroeconomic variables that 
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drive the periods of differences, between the expected and the actual shape of 

the curves. This research on illiquidity noise is also important for implicating 

foreign funding conditions and investment opportunities.  

  

The “illiquidity noise” measure on the sovereign bond market is interesting for 

investors as they could simultaneously buy and sell an asset in different 

markets, and take advantage of the price differences. This price difference 

could generate virtually risk-free profit. Therefore this subject could be 

important for finding a new investment opportunity with low risk.  

 

From our data analysis, we expect to see if it is possible using illiquidity noise 

as an arbitrage opportunity for investors. This means in practice that investors 

can use this in crisis and take advantage of risk-free earnings from this 

illiquidity measure. Since we are especially looking at emerging markets we 

expect to see a difference in the noise between the bonds denominated in 

domestic and foreign currencies which is USD in this case. Because of the 

different risks associated with local currencies of emerging markets and their 

exposure to the global economy. While for example, U.S. government bonds 

are less risky, emerging markets bonds are riskier, this means in general that 

you may not get the principal interest back at the ending term. Another 

potential noise which is related to the investments in these bonds is the 

currencies that can deviate a lot from market to market, especially in emerging 

markets. Where the economy is not so well established and can be more 

exposed to changes in interest rates and other economic factors.  

 

Another implication is that we would look at how currencies affect illiquidity 

noise. For example, when we have debt that is denominated in two different 

currencies, like the Colombian bond in pesos and USD, we expect the debt in 

the domestic currency (Pesos) to be more sensitive to changes in the domestic 

interest rate. While the debt dominated in the foreign currency (USD), would 

be more sensitive to changes in the foreign interest rate. Additionally, 

movements in the exchange rate between the two countries could also affect 

the relative value of the debt dominated in the different currencies. So the debt 
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dominated in the domestic currency may be more noisy, due to added 

sensitivity to domestic rates and exchange rate movements.    

 

Our results indicate that there is a linkage between our noise measure and when 

there is illiquidity in the market. This is supported by substantial noise in our 

measure during periods of crisis. Furthermore, we find deviations in noise 

between domestic and foreign-denominated debt.   

  

The remaining sections of our thesis are structured as follows: In Section 2, we 

provide a comprehensive review of the relevant literature that forms the 

foundation for studying illiquidity and constructing our noise measure, 

highlighting its implications. Section 3 is dedicated to presenting the dataset we 

have utilized for our research. The methodology employed in our analysis is 

outlined in Section 4. Moving on to Section 5, we present the results of our 

study, followed by a detailed discussion in Section 6. Finally, in Section 7, we 

present a concluding summary of our findings.   
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2.0 Literature review 
 

The seminal work by, (Hu et al. JF, 2013) analyzes the noise in the price of 

U.S. Treasuries and examines its informativeness as a measure of overall 

market illiquidity. They do this by using a measure of market-wide liquidity 

that is based on the relationship between the amount of arbitrage capital in the 

market and the amount of noise seen in U.S. Treasury bonds. When there is a 

shortage of arbitrage capital, yields can deviate more from the curve, leading to 

more noise in prices. Their noise measure can be used to identify instances of 

liquidity crises across the financial market, providing more information than 

current liquidity proxies. 

  

(Du & Schreger, 2016) propose a new method to measure sovereign credit risk, 

called the "local currency credit spread." This is calculated by determining the 

difference between the yield on local currency bonds and a synthetic local 

currency risk-free rate, which is constructed using cross-currency swaps. They 

discovered that these spreads are substantial and positive. Additionally, they 

found that compared to credit spreads on debt denominated in foreign 

currencies, local currency credit spreads have lower average values, lower 

correlations between countries, and are less impacted by global risk factors. 

They also observed that global risk aversion and liquidity have a greater impact 

on the variation of these credit spread differentials than macroeconomic 

fundamentals.   

 

From (Du et al, 2018) deviations from the covered interest rate parity (CIP) 

condition provide large, persistent, and systematic opportunities for arbitrage in 

one of the world's largest asset markets. These deviations for major currencies 

are not caused by credit risk or transaction costs, and they are particularly 

pronounced for forward contracts that appear on banks' balance sheets at the 

end of the quarter. This suggests that banking regulation has a causal effect on 

asset prices. Additionally, these deviations are significantly correlated with 

other fixed-income spreads and nominal interest rates. 
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(Augustin et al, 2022) explores the behavior of covered interest rate parity in 

the foreign exchange market. CIRP is focusing on the term structure of CIRP 

violations. The authors of the paper use a large dataset of currency forward 

contracts and interest rate data to study CIRP violations across different 

maturities. They find that CIRP violations are more likely to occur at longer 

maturities and that they tend to be positively correlated with changes in the 

slope of the yield curve. They also find that CIRP violations are more likely to 

occur when interest rate differentials are large and when currencies are more 

volatile. 

 

Additionally, the illiquidity measure has been adapted to other asset classes.  

(Hofmann & Homburg, 2018) study that fitting errors of equity-option-implied 

volatility surfaces are informative about intermediary frictions. They do this by 

creating a “volatility noise”, which indicates that there is a strong link between 

volatility noise and the constraints on intermediary equity and debt.  

 

2.1 Liquidity 

 

Liquid markets are highly valued due to the numerous advantages they provide, 

such as enhanced allocation and information efficiency. The concept of 

liquidity is multifaceted. When market participants can buy significant 

quantities of a financial asset quickly without negatively impacting its price, 

they consider it to be liquid. In essence, liquid financial assets are characterized 

by low transaction costs, ease of trading and prompt settlement, and minimal 

impact on market prices when large trades occur. (Sarr, A., & Lybek, T, 2002). 

However, Bakker states “that there is no single unambiguous, theoretically 

correct or universally accepted definition of liquidity” (Bakker, 1996).   

Furthermore, the significance of certain characteristics of liquid markets can 

evolve over time. For example, in periods of stability, the perception of 

liquidity in an asset may mainly revolve around transaction costs. However, in 

times of stress and significant shifts in fundamentals, the timely determination 
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of prices and the ability to adapt to a new equilibrium become increasingly 

crucial (Sarr, A., & Lybek, T, 2002). 

 

Among the different bond markets, the market for government securities is 

widely regarded as the most liquid. Government securities hold a distinct 

position as collateral and serve as benchmarks for pricing other securities. They 

are also considered a safe haven due to their limited credit risk and the 

substantial outstanding amounts (Sarr, A., & Lybek, T, 2002). 

 

2.2 Liquidity in emerging markets 

As our analysis focuses on government bonds for emerging market countries, it 

is important to understand the liquidity mechanisms in those markets.  

 

As noted in (Lesmond, D.A., 2005, p. 411-452) in emerging markets, it is 

common to observe the absence of insider trading laws or a lack of specific 

enforcement of such rules. This situation increases the information risk faced 

by market makers, leading to wider spreads. Additionally, political risk can 

significantly impact the liquidity of emerging markets. When political 

institutions fail to control corruption, provide stable governance through 

popular support, or protect against investment expropriation, the available 

capital for the market and market makers is reduced, resulting in higher trading 

costs due to a shallower market depth. It is conjectured that differences across 

various markets and changes over time in the enforcement of legal rules and 

political risk would contribute to liquidity effects that vary across different 

market segments. 

  

Chang and Velasco (Chang, R, & Velasco, A. 1999,  p. 11-58.) explain some 

of the liquidity crises in emerging markets saying it’s due to “corruption and 

cronyism, lack of transparency and imperfect democracy, misguided 

investments subsidies and loan guarantees, external deficits that are too large, 

fixed exchange rates that are maintained for too long, poor financial 

regulation, excessive borrowing abroad ”.  
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The emphasis on illiquidity is inherent to emerging markets due to their 

restricted access to global capital markets. In mature economies, when 

fractional-reserve banks encounter a liquidity issue, they often have the option 

to obtain emergency funds from the world capital markets as long as they 

remain solvent. However, this is rarely the case for emerging economies. In 

times of stability, a private bank in Bangkok or Mexico City may receive 

numerous international loan offers, but when faced with a bank run by 

depositors, they are unlikely to receive any such assistance. (Chang, R, & 

Velasco, A. 1999, p. 11-58.) 
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3.0 Data  

The data we use is the sovereign bond yield curves for emerging markets 

countries used in (Du et al. JF, 2016). The data is obtained via Bloomberg Fair 

Value (BFV), where we used a spreadsheet from (Du et al. JF, 2016) with 

Bloomberg tickers for BFV curves, interest rate swaps, and the CCS used in 

the construction of our LC credit spread. The curves are par yield curves 

estimated by Bloomberg on actively traded bonds using piecewise linear Zero-

Coupon bonds. This database contains closing bids and asks prices which we 

used to extract bond data from different sovereign bonds, such as data for 

Colombia's sovereign bonds. We obtained monthly data with maturity from 

one to ten years, with a sample period that begins in January 2000 and ends in 

March 2023.  

 

For the countries without national data or BFV curves, and for ensuring the 

reliability of the existing BFV curves, we are estimating zero-coupon yield 

curves, by using individual bond data. After that, we collect the data from 

Bloomberg by performing an exhaustive search for the available yields on 

active and matured sovereign bonds for our countries. 

 

We have chosen to focus our analysis on four emerging markets countries: 

Colombia, Mexico, Peru, and Turkey. Emerging markets are characterized by a 

set of distinct features that differentiate them from developed economies. 

These markets encompass a group of countries with rapidly growing 

economies, transitioning from low-income to middle-income status. Key 

characteristics of emerging markets include high economic growth potential, 

often driven by factors such as industrialization, urbanization, and a growing 

middle class. These markets are characterized by relatively young and dynamic 

populations, abundant natural resources, and favorable demographic trends. 

However, they also face challenges such as political and regulatory 

uncertainties, volatile financial markets, limited institutional development, and 

higher levels of economic and financial risk compared to developed economies 

(Investopedia, 2022).  
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All four countries we are analyzing can be associated with more volatility and 

risk than for example G10 countries, due to uncertainties related to politics and 

economic factors as outlined above. During our analysis period from early 

2000 until 2023, all of these countries have experienced both periods of 

economic setbacks and periods of economic growth.  

3.1 Summary statistics of the actual yield curves  

The table of summary statistics provides valuable insights into the data of the 

four countries we are analyzing and highlights the dynamic across the different 

countries, currencies, and maturities we are looking at. 

From Table 1 in appendix, we can start looking at the average yields, where 

we can observe variations across countries and maturities. For example, 

Colombia’s average yields for bonds issued in USD start at 3,09% for a 1-year 

maturity and increase gradually with longer maturities, reaching 6,16% for a 

10-year maturity. Turkey exhibits higher average yields across the board, with 

USD-denominated bonds starting at 4,36% for a 1-year maturity and climbing 

to 7,25% for a 10-year maturity. However, it is worth noting that it is the 

opposite for Turkey bonds issued in local currencies, this starts at 12,14% for 

1-year maturity and ends up with 11,74% for the 10-year bond.      

Secondly, by examining the standard deviations, we can assess the volatility 

and risk associated with these yields. Generally, higher standard deviations 

indicate greater yield variations. In this case, Colombia’s USD-denominated 

bonds exhibit relatively moderate volatility, with standard deviations ranging 

from 2,22% for a 1-year maturity to 2,93% for a 9-year maturity, as seen in 

Table 1. On the other hand, Turkey's TRY-denominated bonds display higher 

volatility, with standard deviations ranging from 3,85% for a 10-year maturity 

to 4,81% for a 1-year maturity. These variations suggest that there are some 

fluctuations in the yields for our 4 countries.  
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4.0 Methodology 

4.1 Hypothesis 

To answer our research question formulated in the introduction, we have 

defined one main hypothesis: During normal times there should be a small 

deviation, but during fluctuations in markets there is an increase in noise. 

The motivation for this hypothesis is to investigate if we could see higher peaks 

in the noise measure during crises or special events. We also expect to observe 

deviations between local currency debt and USD-dominated debt during 

market fluctuations.  

 4.2 Modeling the yield curve  

To be able to fit a yield curve on the data from the different bonds, we plot the 

data into R. Further, we use the Nelson-Siegel-Svensson model (Nelson & 

Siegel, 1987, p. 473-489), which is a parametric approach to modeling the 

yield curve of a bond. It’s mostly used in fixed-income analysis to forecast 

interest rates and estimate the value of a bond portfolio. We obtained the code 

for the Nelson-Siegel-Svensson model through a website, however, we had to 

perform some modifications in order to make it suitable for our data and 

analysis. (Kiandlee, 2022) 

  

The Nelson-Siegel-Svensson (Nelson & Siegel, 1987, p. 473-489) is a non-

linear least square problem with 6 parameters with some inequality constraints, 

which we can see in the equation under 
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                                                                                                                     (1) 

Where y(𝜏) is the yield curve at time to maturity 𝜏, β1 is the long-term level of 

the yield curve, β2 is the coefficient for the first exponential term, and β3 is the 

coefficient for the second exponential term, β₄ has an impact on the fourth 

component of the overall shape of the yield curve. The parameters λ1 and λ2 

are known as the time constants of the model and control the shape of the 

curve. With the parameters λ1 and λ2, we have the ability to manipulate the 

steepness or slope of the decay for each component by tuning the values of λ1 

and λ2. Decreasing the values of λ1 and λ2 would cause a faster decay, 

resulting in a steeper yield curve. Conversely, increasing the values of λ1 and 

λ2 would lead to a slower decay, resulting in a flatter yield curve. To 

effectively model nominal interest rates, it is crucial to ensure that the 

parameter set satisfies certain conditions. Specifically, the following conditions 

must be met: β1 > 0, β1 + β2 > 0, λ1 > 0, and λ2 > 0. These conditions ensure 

the validity and appropriateness of the parameters for accurately modeling 

nominal interest rates.  

When fitting our data into the estimation process, we use yields of government 

bonds to back out the parameters. The yield is the actual yield at the closing 

point on the last trading day for each month in a year. When running the data 

through the estimation process, gives us the parameters β1, β2, β3, β4, λ1, λ2, 
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and RMSE for each trading day 𝜏 in our dataset across all maturities. Further, 

we use this parameter to fill in the equation shown above. By doing so we are 

able to calculate the implied yield for every trading day in our data sample at 

all maturities, which ranks from 1 to 10 years. These computations we perform 

on the government bonds for yields in local currencies and foreign currency US 

dollar. This gives us two different yield curves for each country we are 

analyzing. By doing so we are able to identify liquidity crises in both 

currencies and compare specific events to each other.  

 

4.3 Summary statistic of the implied yield curves  

The table presents summary statistics for the model-implied yield curve, which 

has been estimated using the Nelson-Siegel-Svensson model.  

 

Upon examining Table 2 in the appendix with the implied yield curve, we can 

identify disparities between its calculated values and the actual yield curve for 

certain bonds and maturities. Notably, there are instances where the actual 

yield curve exhibits higher average yields, while in other cases, the model-

implied yield curve displays higher averages. Such variations are to be 

expected, considering that the model-implied curve is based on the actual yield 

curve and incorporates inherent variations. 

If we first look at the average yields, we can observe a consistent pattern where 

higher maturities tend to yield higher returns. This relationship holds true 

across different countries and currencies. For instance, let's consider the Peru 

bond issued in PEN. The average yield starts at 3,76% for the 1-year bond and 

progressively increases to 5,92% for the 10-year bond, as we can see in Table 

2. Similar patterns can be observed for bonds issued in other countries, such as 

Colombia, Turkey, and Mexico. 

Turning our attention to standard deviations, we notice that the pattern differs 

from the average yields. Standard deviations reflect the degree of yield 

variability and can provide insights into the level of risk associated with each 



 17 

bond. Interestingly, there appear to be more fluctuations in standard deviations 

across different maturities for some of the bonds. This suggests that the 

volatility of yields is not strictly aligned with the maturity duration. To 

illustrate this, let's consider the Turkey bond issued in USD. From Table 2 we 

can see the standard deviations increase from 2,52% for the 1-year bond to 

2,77% for the 7-year bond but then decrease slightly to 2,69% for the 10-year 

bond. This contrasting pattern implies varying levels of risk at different stages 

of the maturity spectrum. 

4.4 Noise measure 

The noise measure is a metric designed to detect periods of market illiquidity. 

To create this measure, we utilize the actual yield curve and the implied-yield 

curve presented earlier. The equation below illustrates the process, where 𝑡 

represents the date and 𝑏𝑡 represents the vectors of model parameters derived 

from the data. 𝑁𝑡 denote government bond which we repeat for all of our 

countries Turkey, Peru, Colombia, and Mexico with maturities ranging from 1 

to 10 years, which we calculate for each country and currency issued. Where 

currency issued will be both domestic and foreign currency-issued debt. For 

each 𝑁𝑡 we designate 𝑦𝑡
𝑖 as the observed market yield on that specific day 𝜏 and 

𝑦𝑖(𝑏𝑡) as the yield implied by the model. To capture the dispersion in yields 

around the fitted yield curve, we construct the noise measure by calculating the 

root mean squared error between the market yields and the model-implied 

yields (Hu et al. JF, 2013).  

  

𝑵𝒐𝒊𝒔𝒆𝑖,𝑡 = √
1

𝑁𝑡

∑[𝑦𝑡
𝑖 − 𝑦𝑖(𝑏𝑡)]

2

𝑁𝑡

𝑖=1

 

                                                                                                                  (2) 
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In constructing the noise measure, we have chosen to focus on bonds with 

maturities ranging from 1 to 10 years. This selection is based on the 

understanding that the information content of short-maturity bonds is relatively 

limited when it comes to the availability of arbitrage capital. The shorter end of 

the yield curve is known to contain higher levels of noise compared to other 

parts of the curve due to increased volatility caused by fluctuations in demand 

and supply. Conversely, bonds with maturities exceeding 10 years have the 

potential to introduce unnecessary time-series noise to our measure, 

particularly during periods of limited supply. Therefore, we exclude bonds with 

longer maturities from our analysis. The noise is measured in basis points 

(bps), where 1 bps is equal to 0,01 percent (Hu et al. JF, 2013). 
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5.0 RESULTS AND DISCUSSION: 

5.1 Colombian Government Bond 

 The Colombian economy has since the extensive reform initiatives from the 

early 1990s experienced moderate economic growth. However, the growth 

observed during the time can be described as slower and more unpredictable 

compared to the period before 1980. Furthermore, the Colombian economy has 

undergone a substantial restructuring, marked by increased integration into the 

global economy, a growing reliance on oil and mining exports, and a rising 

significance of mining and services sectors in the country’s GDP (Ocampo, J. 

A. 2015, p 3-33). 

  

This is the important background to the time period where we are analyzing the 

Colombian government bonds from the early 2000s to late 2022. This implies 

that going into the early 2000s the Colombian economy was on the rise due to 

new reforms implemented, however, the economy was still subject to great 

volatility and uncertainty. 

  

By examining the noise measure for the Colombian government bond, both in 

US Dollars and Colombian Pesos, we gain valuable insights into the fluctuation 

of liquidity in the government bond market during periods of temporary crises 

and normal market conditions, both domestically and globally. This analysis 

provides an intriguing perspective on the dynamics of the market and its 

response to various economic circumstances.  

 

Figure 2 in the appendix shows that the noise in the USD extends back to the 

early 2000s, whereas, in COP, the timeline only goes back to 2004. This is due 

to Colombia not issuing debt in their own currency prior to 2004. This disparity 

does not impact the final outcome, but it does mean we cannot compare the 

noise from 2004 to 2000.  

 

If we examine the time period from 2000 to 2004, we observe notable spikes in 

the noise measure. In Figure 2 we can see that in the early 2000s, the noise 
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rose to 5,6 bps, and there was another spike in the summer of 2002, reaching 

8,3 bps. Since this period only includes data from government bonds issued in 

USD, it is reasonable to assume that these incidents are linked to the aftermath 

of the dot-com bubble and that similar prominent noise would have been 

recorded in the local currency market.  

  

During the early 2000s, the financial markets experienced the impact of the 

dot-com bubble, which particularly affected the American market. This effect 

is evident in our noise measure, which peaks at 5,6 bps during this period, 

lasting until 2001. This is not surprising, considering the liquidity crisis that 

occurred in the market during that time. 

  

In the summer of 2002, the noise spiked again, reaching 8,6 bps from Figure 2. 

This incident was associated with the economic decline caused by the Enron 

scandal, as well as the bankruptcy of numerous internet companies in the 

aftermath of the dot-com crash. Additionally, multiple accounting scandals 

raised concerns about the overall health of the economy, contributing to the 

prominent noise levels observed. 

 

Going forward to the next period leading up to the financial crisis in 2008 we 

can observe some interesting differences in the noise between USD and COP 

from Figure 9. During 2005 and especially in 2006 we can observe substantial 

noise in the Colombian government bond issued in local currency, however, 

this noise is not replicated in USD. Some of the explanations for this can be 

seen in Figure 15, where we can observe a clear gap between domestic interest 

rates and foreign interest rates around the period of 2005-2006. 

  

During the financial crisis of 2008, there was a lot of noise in both USD and 

COP which is natural due to the international impact the financial collapse in 

US had on the rest of the world, including Colombia. After this, there is only 

one event of substantial noise above 2 bps during mid-2013, before moving 

into 2020-2022 and the Covid crisis. In this period from 2020 until 2022, we 

observe great fluctuations in the noise ranging from 4,64 bps at its highest and 

down to 0,15 bps at its lowest.    
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Analyzing the overall noise of the Colombian government bond, we discover 

that the noise in COP has a mean of 1,10 bps during the period, with a standard 

deviation of 0,9 from Figure 1. Notably, all the incidents we examined were at 

least 3 standard deviations away from the average. In contrast, for the bond 

issued in USD, we observe a slightly higher mean of 1,19 bps and a standard 

deviation of 1,17 from Figure 2. These findings are somewhat expected due to 

the significant impact of the financial crises in the US during these periods. 

Consequently, the bond issued in US Dollar experienced greater noise 

compared to the one issued in domestic currency.  

 

5.2 Mexican Government bond: 

Mexico experienced a period of economic instability and recessions leading up 

to the early 2000s, which had a significant impact on their overall economy. 

Our analysis of the Mexican government bond starts in mid-2000 for the bond 

issued in USD and in 2003 for the bond issued in local currency. This 

distinction arises because Mexico had not issued a domestic government bond 

before 2003. 

 

Comparing the descriptive statistics of the noise measure in both currencies, we 

observe a slight disparity. The average noise for the bond issued in MXP 

(Mexican Pesos) is 0,86 bps, while for the bond issued in USD, it is 0,91 bps. 

This indicated that, on average, the noise is slightly higher for the USD-

denominated bond. Furthermore, the USD bond exhibits a higher standard 

deviation of 0,66 bps, suggesting greater volatility in the noise measure. 

However, from Figure 10 in the appendix, we can observe a strong correlation 

in noise between the noise in the bonds. The reason for this is due to the strong 

ties between the US and Mexican economies, given Mexico's heavy 

dependence on the United States as an export market and the significant role 

that exports play in its overall economic performance, the country is highly 

vulnerable to fluctuations in the U.S. economy (Villarreal, M. A. 2010).  
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Between the years 2000 and 2003, several significant events occurred. Firstly, 

there was the dot-com bubble, a period of extreme speculation and rapid 

growth in the technology sector. This led to substantial volatility in the global 

financial market. These developments had implications for the market 

liquidity, and this is revealed by our noise measure which peaks at nearly 3 

(bps) two times during that particular period, from Figure 6. However, we had 

expected to see more noise during 2002, as we did in the Colombian bond. This 

might indicate that the Mexican economy was less exposed to the world 

economy and especially the US at that point in time. 

  
                                                                                                                                                                                                                    

The next period following up to the financial crisis of 2008 does not contain 

any major peaks in the noise measure, except on 30.04.2004 when the noise 

hits 3,49 bps in the USD-denominated bond from Figure 5. Which is almost 2 

standard deviations above the noise in MXP-denominated bonds. There are no 

clear events linked up to this date to explain why this occurred. However, it’s 

reasonable to link this with the instability of the Mexican economy and with 

the uncertainty of the global financial markets, which potentially could lead to 

illiquidity in the market (Villarreal, M. A. 2010). 

  

During the years 2008-2009, the noise level reached its peak for both the MXP 

and USD-denominated bonds as seen in Figure 10, which was to be expected 

given the occurrence of the financial crisis during that period. This event 

significantly reduced liquidity in the market, leading to high noise levels in the 

government bond market. Furthermore, there have been multiple peaks 

recorded around 3 bps from 2016 until the present day. This phenomenon can 

be explained, at least in part, by the impact of the Covid-19 pandemic, which 

nearly resulted in a new financial crisis.  

5.3 Turkey government bond: 

In the aftermath of the economic crisis in 2001, Turkey has been challenged by 

political uncertainty and a weakened government. Turkey has been through 

many political crises which have affected its economy and led to a high degree 
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of economic uncertainty. In recent years 2018-2023, Turkey has been through 

an economic crisis driven by high inflation. 

 

When analyzing the noise measure for the Turkey government bond in both US 

Dollar and Turkish Lira, we used data from early 2000 until the beginning of 

2023. However, our dataset only includes data from 2010 to 2023 for bonds 

denominated in Turkish Lira, as Turkey government bonds were only issued in 

USD before 2010. By examining the noise measure for the Turkey government 

bond, we can observe relatively large fluctuations. On average, the noise for 

bonds issued in TRY (Turkish Lira) stands at 3,05 bps, whereas for USD-

denominated bonds it is 1,69 bps from Figure 7 & 8. This average indicates 

that the noise on average is significantly higher for bonds denominated in 

Turkish Lira. Moreover, the TRY bond also exhibits a higher standard 

deviation of 3,25 bps, indicating higher volatility in the noise measure.  

  

Data prior to 2010 is insufficient for bonds issued in TRY. However, starting 

from the last quarter of 2010, we observe a significant spike in the noise 

measure, reaching over 14 bps from Figure 7. One explanation could be the 

aftermath and consequences of the Financial crisis which occurred at the end of 

2007. The period from the middle of 2018 to the beginning of 2023 also 

contains major peaks in the noise measure. In the middle of 2018, the noise 

reached 16,79 bps. The reason behind these major peaks could be that the 

Turkish model of economic growth collapsed in 2018. Turkey's economy 

suffered a liquidity crisis, characterized by high inflation, plunging currency, 

and high levels of investments financed by rising foreign debt (Bloomberg 

2018). From Figure 7 we can observe that on 31.08.2022 the bond registered 

its highest noise at 17,03 bps. The reason for this could be that the Turkish 

economy was still suffering from high inflation and a weak currency. 

Additionally, during the period 2020-2022, the covid-19 pandemic could also 

be a source of the high observed noise since the pandemic nearly resulted in a 

financial crisis.  

 

For the bond issued in USD, we can observe that the period from 2000-2003 

contains a high degree of noise. Especially in 2002 and the start of 2003, with 
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11,97 bps and 13,12 bps from Figure 8. High noise is expected for this period 

because several events occurred. The dot-com bubble from 1995-2001, could 

explain the high noise for 2001. The noise is also high for 2003 because the 

recession was still lasting through 2003.  

 

During the end of 2008, and the start of 2009, the noise level reached its peak 

for the bond issued in 2008. This was expected given the occurrence of the 

financial crisis during that time period. This crisis reduced the market liquidity 

and led to high noise in the bond market.  

 

If we observe the noise for the end of 2018, the noise level is 6,71 bps from 

Figure 8. This high degree of noise was expected because 2018 was the worst 

for stocks in 10 years and investors feared a central bank ready to tighten 

money policy (CNBC, 2021). There have also been multiple peaks in noise 

levels from 2020-2022, this could be explained by the covid-19 pandemic, 

which lead to economic uncertainty. 

 

5.4 Peru Government bond: 

When comparing the descriptive statistics of the noise measure for both 

currencies, we can observe that the average noise for the bond issued in PEN is 

0,78 bps, and for the bond issued in USD, 0,81 bps from Figure 11. This can 

indicate that on average the noise is slightly higher for the bond issued in USD. 

Comparing the standard deviation, the PEN bond exhibits 0,68 and 0,78 for the 

USD-issued bond. This means that the bond issued in USD suggests higher 

volatility in the noise measure.  

 

For the bond issued in PEN, we can see that the noise measure contains some 

major peaks around the financial crisis in 2008. The max peak is at 28.11.2008, 

with 4,78 bps from Figure 3. This is expected since the financial crisis led to 

rescission in the world economy. 
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Surprisingly, the noise was not higher in 2020 with 1,83 bps, with the covid-19 

pandemic in mind. For 31.08.2021 the noise peaks up to 2,58, but there are no 

clear events linked up to this peak. There is also a major peak on 29.04.2022, 

with 3,42 bps. The same for 29.04.2022, here there are no clear events either, 

but the consequences of the covid-19 pandemic could be a reason.  

  

For the bond issued in USD, we can clearly see the impact of the financial 

crisis on the noise measure with 6,41 bps from Figure 4. This is the maximum 

peak observed in the noise measure for Peru in USD. This is not unexpected, 

due to the impact of the financial crisis. There is also a major peak on 

12.08.2018 with 3,24 bps. This peak is also expected due to the decline of the 

US stock market and a central bank ready to tighten up the monetary policy.  

 

5.5 Robustness test 

 In order to test the reliability of our analysis we perform a robustness test on 

the Nelson-Siegel-Svensson (NSS) parameters λ₁ and λ₂. Which involves 

assessing the stability and sensitivity of the model's results when these 

parameters are varied. The purpose is to evaluate the reliability of the model 

and understand how changes in these parameters affect the yield curve. 

  

λ₁ and λ₂ are as stated earlier in the thesis “Known as the time constants of the 

model and control the shape of the curve. With the parameters, we have the 

ability to manipulate the steepness or slope of the decay for each component by 

tuning the values of λ₁ and λ₂. Decreasing the values of λ₁ and λ₂ would cause 

a faster decay, resulting in a steeper yield curve. Conversely, increasing the 

values of λ₁ and λ₂  would lead to a slower decay, resulting in a flatter yield 

curve”. 

  

Choosing the optimal values for λ₁ and λ₂ can be challenging. In our study, we 

initially set λ₁ = 0.0609 and λ₂ = 0.01 as the fixed parameters for our noise 

measure. To perform a robustness check, we conducted three additional tests 

while keeping all other parameters constant. In the first test, we set  λ₁ = 0.29 



 26 

and λ₂ = 0.01, in the second test we set λ₁ = 0.15 and  λ₂ = 0.05 and in the third 

test, we set the parameters at λ₁ = 0.08 and  λ₂ = 0.025. By conducting these 

tests, we generated three alternative yield curves for the Colombian 

government bond in COP. To assess their accuracy, we compared these 

alternative implied yield curves with the actual yield curve, calculating the root 

mean square error (RMSE) in each case. Consequently, we obtained three 

alternative noise measures for the Colombian government bond. 

  

When using λ₁ = 0.29 and λ₂ = 0.01 as parameter values, our noise measure 

exhibited a correlation of 99.93% with the actual yield curve. Similarly, in the 

second and third tests, where we used λ₁ = 0.15 and λ₂ = 0.05, as well as λ₁ = 

0.08 and λ₂ = 0.025 respectively, the correlations with our noise measure 

remained at 99.92% for both. These results indicate that the alternative noise 

measures closely align with our original noise measure. It highlights the strong 

association between the alternative noise measures and our initial measure, 

showcasing the robustness of our noise measure to variations in the fixed 

parameters λ₁ and λ₂. 
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6.0 Discussion 

 

Based on the results we have provided we can identify multiple interesting 

points and events where the Noise measure picks up illiquidity in the market. 

As discussed earlier in the thesis (Chang, R, & Velasco, A. 1999, p. 11-58.) 

give multiple reasons as to why liquidity crises occur in emerging markets. 

However, it is difficult to give an exact reason why many of the spikes in noise 

happen throughout the different bond markets we have analyzed. While some 

of the incidents exhibit clear associations with well-known global events, such 

as the financial crisis of 2008, leading to prominent noise in all of our analyzed 

bonds, other spikes may require further examination to uncover their 

underlying drivers.  

 

At the same time ( Du & Schreger, 2016) found “that compared to credit 

spreads on debt denominated in foreign currencies, local currency credit 

spreads have lower average values, lower correlation between countries, and 

are less impacted by global risk factors. They also observed that global risk 

aversion and liquidity have a greater impact on the variation of these credit 

spread differentials than macroeconomic fundamentals'' ( Du & Schreger, 

2016). In relation to our findings, this provides an interesting perspective that 

relates to our observations on the average noise and standard deviation of 

government bonds denominated in local currencies versus foreign currencies. 

Their research suggests that local currency credit spreads, which can be seen as 

an indicator of sovereign risk, tend to have lower average values compared to 

spreads on debt denominated in foreign currencies. This finding aligns with our 

analysis, as we observed lower average noise levels for government bonds 

issued in the local currencies for Colombia, Mexico, and Peru compared to 

bonds denominated in USD, however, this was not the case for Turkey.  

Their observation that global risk aversion and liquidity have a greater impact 

on the variation of credit spread differentials aligns with our findings of higher 



 28 

standard deviations in noise measures for USD-denominated bonds. This 

implies that global market conditions and risk factors can contribute to 

increased volatility and fluctuations in liquidity for foreign currency-

denominated bonds, reflecting their sensitivity to external shocks and market 

sentiment.  

Another interesting perspective on this is by looking at the research done by 

(Augustin et al. 2022), which suggests that “CIRP violations are more likely to 

occur at longer maturities and that they tend to be positively correlated with 

changes in the slope of the yield curve. They also find that CIRP violations are 

more likely to occur when interest rate differentials are large and when 

currencies are more volatile”. They identify that there are arbitrage 

opportunities during post-crises periods, due to deviations from the CIP. They 

argue that CIP violations have happened systematically for G10 currencies 

since the financial crisis in 2008 and led to significant arbitrage opportunities. 

This implies that multiple of our findings where there are great deviations 

between the noise in domestic and foreign currency can give arbitrage 

opportunities for investors.  

 

6.1 Comparison between (Hu et al. JF, 2013) measure and 

our Noise measure 

  

(Hu et al, JF. 2013) has developed another liquidity measure that utilizes a 

noise measure to identify periods of illiquidity in the market. However, unlike 

our measure, (Hu et al, JF. 2013) applied this approach specifically to the US 

Treasury market, resulting in different outcomes compared to our analysis. (Hu 

et al, JF. 2013) noise measure is constructed using a similar methodology to 

ours, employing a daily aggregate of cross-sectional pricing errors. We 

obtained this data from the website of Jun Pan (Saif.stju.edu, 2021). 

  



 29 

By calculating the correlation between the monthly changes in our noise 

measure for the four different government bonds issued in USD and Pans noise 

measure for US Treasury notes, we find the following correlations: 39,4% for 

the Colombian government bond, 54,1% for Peru, 39% for Turkey, and 48,3% 

for Mexico. This suggests a positive relationship between Jun Pan’s noise 

measure and our noise measure.  

 

When comparing Jun Pans noise measure to our own, we observe that, on 

average, Pans measure is significantly higher, with an average of 2,57 bps and 

a standard deviation of 2,41 during the period from December 31, 2001, to 

December 31, 2021, from Figure 13. In contrast, our noise measure for the 

Colombian bond has an average noise of 1,19 bps and a standard deviation of 

1,17. Similarly, our noise measure for Turkey shows a higher average of 1,69 

bps and a standard deviation of 2,04, indicating slightly elevated levels 

compared to Pan’s measure.  

  

However, it is worth noting that there are specific events in 2002 and 2003 

where the noise spikes to 11,97 bps on June 28, 2002, and 13,12 bps on March 

31, 2003, for the Turkish bond from Figure 13. These levels represent 5,03 and 

5,60 standard deviations above the mean, respectively. In contrast, for US 

Treasuries, the noise on those specific days deviates by only 0,50 and -0,06 

standard deviations from the mean. This demonstrates that our noise measure 

exhibits more significant spikes on certain trading days. 

  

In contrast, when we specifically examine the date October 31, 2008, which 

marked the onset of the global financial crisis, we find that our noise measure 

for Turkey was 7,28 standard deviations above the mean, while for Colombia, 

it was 5,64 standard deviations above the mean. Jun Pan’s noise measure, on 

the other hand, deviated by 6,19 standard deviations from the mean, which is 

lower than our noise measure for Turkey. However, this discrepancy can be 

explained by the overall lower average and standard deviation in our noise 

measure for Turkey.  
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If we examine the relationship between Jun Pans noise measure with our noise 

observed in the debt issued in local currencies, we observe a much lower 

correlation and also a negative correlation for Peru and Turkey at -6,5% and -

12,8%, respectively from Figure 14. Conversely, Colombia and Mexico 

display positive correlations of 12% and 0,03%. These findings indicate a 

relatively weak correlation between the noise in the US treasury market and the 

noise in local currency debt for the four countries, which we can also see in the 

graph below. 

 

This comparison between our noise measure and Jun Pan's noise measure 

provides valuable insights, as it demonstrates that our measure effectively 

captures the same liquidity crises. However, these are instances where our 

noise measure exhibits more prominent spikes compared to Jun Pan’s measure, 

especially for the noise on the debt issued in local currencies. This disparity is 

to be expected, given that the noise measure is applied to different types of 

bonds issued by different countries. 
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7.0 Conclusion  

In this master's thesis, our research builds upon the methodology developed by 

(Hu et al. JF, 2013), providing us with a framework to construct our noise 

measure. By applying this measure to our bond data from emerging markets 

countries, our hypothesis anticipated the presence of significant peaks in noise 

during fluctuations in the financial markets and especially during events of 

financial crises. We also expected to observe deviations between local currency 

debt and USD-denominated debt during these periods, along with greater 

fluctuations in the local currency debt due to the economic volatility of 

emerging markets. The figures (1-15) and corresponding results consistently 

support and validate these expectations. During the global financial crisis, for 

example, the noise measure for USD-denominated debt exhibited a more 

pronounced spike compared to local debt. However, it is worth noting that the 

noise in local currency debt displayed several instances of prominent spikes, 

even when the USD-denominated debt behaved relatively normally without 

substantial noise. 

 

By providing these results we find a strong relationship between our noise 

measure and illiquidity in the market during crises. These are the same results 

that (Hu et al, JF.2013) discovered in their paper. In addition to this, we also 

observed noise in local debt during times of uncertainty, which also are in line 

with the liquidity of emerging markets explained by (Chang, R, & Velasco, A. 

(1999), p. 11-58.). Furthermore, research on the deviations in noise between 

the debt issued in local and domestic currencies can be really interesting for 

investors, to potentially take advantage of the arbitrage opportunity.            
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9.0 Appendix 

9.1 FIGURE SECTION 

 

Figure 1: Noise measure for COP Colombian government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

 

Figure 2: Noise measure for USD Colombian Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 3: Noise measure for PEN Peru Government bond: 

 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

Figure 4: Noise measure for USD Peru Government bond: 

 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

 

 

Figure 5: Noise measure for MXP Mexican Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 6: Noise measure for USD Mexico Government bond:  

 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

 

 

Figure 7: Noise measure for TRY Turkey Government bond: 

 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 8: Noise measure for  USD Turkey Government bond:  

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

 

Figure 9: Noise in USD and COP Colombian Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 10: Noise in USD and MXP Mexico Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

Figure 11: Noise in USD and PEN Peru Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 12: Noise in USD and TRY Turkey Government bond: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

Figure 13: (Hu et al, JF, 2013) Noise measure comparison: 

 
                                                                                                                                                                                                                   1 bps = 0,01% 
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Figure 14: (Hu et al. JF, 2013) Noise measure comparison with 

local currencies debt:  

 

 
                                                                                                                                                                                                                   1 bps = 0,01% 

 

 

Figure 15: Comparison Colombian domestic and foreign interest on 

debt: 
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9.2 Table section  

 

Table 1: Summary statistic Actual yield: 
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Table 2: Summary statistic implied yield: 
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9.3 Equation section 

1 Equation: Nelson Siegel Svensson:  

 
 

 

2 Equation: Noise measure: 

 

 

𝑵𝒐𝒊𝒔𝒆𝑖,𝑡 = √
1

𝑁𝑡

∑[𝑦𝑡
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