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Abstract 

The purpose of this paper has been to investigate the monetary policy in the West African 

Economic and Monetary Union (WAEMU), in terms of a Taylor rule based approach to their 

use of their interest rate. The evaluation of the different rules was based on both in-sample 

and out-of-sample forecast errors. Few significant or consistent influences from the variables 

proposed by the rules can be established, which might suggest that the bank operates 

primarily under a discretionary framework rather than a rule. Furthermore, our findings 

indicate that the European Central Bank interest rate (ECB-rate) does not exclusively drive 

the Central Bank of West African States interest rate (BCEAO-rate), which suggests that they 

indeed do retain some independence of monetary policy to respond to domestic variables as 

proposed by earlier research, despite having a fixed exchange rate. These results put into 

question the credibility of the BCEAO in attaining their stated primary goal of price stability, 

as there seems to be no significant or consistent response to it in the setting of their interest 

rate, despite a suggested ability to react to it. This can be the cause of the current high 

volatility of inflation in the area and give rise to future volatility and instability as well.    
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1 Introduction 

Interest in Monetary policy and its proper conduction saw a big upswing in the 1990s, an 

upswing foremost driven by two factors. Firstly, monetary policy had for quite some time 

been downplayed and ignored, but starting in the late 80s, works advocating its real effects 

and importance had been flowing in. This ultimately caused a switch in consensus to where it 

was with no doubt an important factor for aggregate activity. Secondly, progress in the 

theoretical frameworks underlying the analysis of monetary policy, enabled much more to be 

done in the field (Clarida, Gali & Gertler, 1999). Romer and Romer (1989 & 2004), and 

Boschen and Mills (1991) are a few studies ascertaining this real effect of monetary policy, in 

both the short and medium term. 

 

One major thing to come out of this upswing, especially from an applied point of view, was 

the Taylor rule, which since its introduction in 1993, has become somewhat synonymous 

with a good and sound monetary policy. It is perhaps the prime example of a simple 

monetary policy rule, and though a simple rule can never capture all the numerous and 

complex aspects of monetary policy conduction, it has nevertheless performed well in 

economic models and been shown to describe the policy conduction in many countries rather 

well, Sweden included (Jonsson & Katinic, 2017). The rule will be covered more extensively 

in theoretical framework under the subheading Taylor Rule. However, the basics of the rule is 

that it approximates the response of nominal interest rate (𝑟), set by the central bank, to 

changes in inflation (𝑝) and the output gap (𝑦). The original rule introduced in 1993 takes the 

form seen below but several alterations will also be explored throughout this paper. 

 

Original Taylor Rule: 𝑟 = 𝑝 + .5𝑦 + .5(𝑝 − 2) + 2     

 

 

The Taylor rule was, however, primarily developed with the developed world in 

consideration, and much of the research of the rule has excluded the developing economies 

and the applicability of the rule there (Saiful Islam, 2009). As such we want to extend on this 

comparatively uncharted application of the rule, by using it to try to approximate the 

behaviour for the Central Bank of West African States (BCEAO), the central bank of the 
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West African Economic and Monetary Union (WAEMU), an economic and currency union 

in West Africa comprising eight low income countries (Kireyev, 2015).  

 

Our choice of WAEMU as our area of investigation does provide further heterogeneity to our 

research as its currency, the CFA-franc, is a fixed currency which is pegged to the euro. And 

following from the basic concepts of the trilemma of international macroeconomics, 

investigating the monetary policy of an area with a fixed currency might come off as counter 

intuitive. As it suggests that countries cannot enjoy a fixed exchange rate, full capital 

mobility and monetary autonomy all at once. But it is not the monetary autonomy that the 

area has forgone, but rather the full capital mobility Kireyev (2015) suggests. They are thus 

able to conduct independent monetary policy despite having a fixed exchange rate regime.  

 

The importance of approximating a rule like the Taylor rule for countries, or in this case 

union, is to increase transparency and thus credibility of the monetary authority. Something 

that can have a real positive effect on the economy through the expectations channel of 

monetary policy, and help to reduce the sacrifice ratio, that is the current output loss required 

to lower current inflation (Clarida et. al., 1999). Rule based approximation of the monetary 

policy conduction in WAEMU has been done, Shortland & Stasavage (2004) and Diabate 

(2016) being two such studies. The first trying to estimate a reaction function of the BCEAO 

and the second looking into the credibility of the monetary policy in the area with a forward-

looking rule-based approach. Though our work will draw from these studies, what will 

distinguish our research is the consideration of multiple alternative rules as well as the use of 

forecasting errors as a means of evaluation, and an updated time frame. By these distinctions 

we hope that our paper will provide further insight into the monetary policy conduction in the 

area. Also, the paradoxical aspect that the fixed exchange rate regime provides, when paired 

with the trilemma, a concept almost taken for granted in many of our courses, will hopefully 

teach and highlight both to us and potential readers, the ambiguous nature of the field of 

economics.   

 

The purpose of this paper is thus to try to approximate the behaviour for the BCEAO, the 

central bank of WAEMU, in its interest rate setting with a rule, as to increase the 

transparency of their monetary policy. We test both the original rule as well as backward- and 

forward-looking alternatives with altered weight on inflation deviation and output gap. Also, 

two augmented rules, again in both a backward- and forward-looking format, are tested. 
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Furthermore, we consider overdispersion to try and make a more parsimonious rule. 

Evaluation will be based on conventional in-sample statistics, but also on out-of-sample 

forecast errors. The three questions we ask ourselves are the following: 

 

• Does the original Taylor Rule approximate the behaviour of the BCEAO in its interest 

rate setting? 

• Does an augmented Taylor Rule, adding variables proposed as significant in the case 

of WAEMU, better encompass the historical behaviour of the BCEAO? 

• What variables seem to primarily drive the interest rate setting of the BCEAO? 

 

The paper is structured in the following manner. Section 2 provides background of the 

WAEMU, the BCEAO, and the monetary policy conduction in the area. Section 3 provides 

the theoretical framework. Section 4 presents the empirical analysis. Section 5 puts forward 

the results, and in section 6 these results are discussed. Finally, in section 7 a conclusion with 

suggestions is presented.    

2 Background 

2.1 West African Economic and Monetary Union (WAEMU) 

The West African Economic and Monetary Union (WAEMU), also known as UEMOA from 

its French name, Union économique et monétaire ouest-africaine, is a customs and monetary 

union comprising the eight West African States Benin, Burkina Faso, Côte D'Ivoire, Guinea-

Bissau, Mali, Niger, Senegal and Togo. As a currency union, the area shares the West African 

CFA-franc, which is pegged to the euro, as their common currency, and was established on 

the 10th of January 1994 by all aforementioned members except Guinea-Bissau, that joined 

the organization in 1997 as the only non-francophone member. The area is part of sub-

Saharan Africa, and all eight countries are classified as low income countries (UEMOA, 

n.d.)(Kireyev, 2015). 

2.2 Central Bank of West African States (BCEAO) 

The Central Bank of West African States, known under the acronym BCEAO from its French 

name Banque Centrale des États de l'Afrique de l'Ouest is the central bank of the WAEMU. 

Yet it was established in 1962, much before WAEMU. The bank is the common issuing 

institution of the member states, centralising its cash reserves and retains the exclusive right to 
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issue the CFA-franc. The banks other main objectives, apart from currency issuance, is to 

manage monetary policy, provide assistance to its member states, and to organize and monitor 

banking activities in the area. The monetary policy aspect primarily concerns adjusting the 

overall liquidity in the area to ensure economic growth and price stability. They do, however, 

in Article 8 of the statues of the BCEAO state price stability, commonly measured as inflation, 

as their main objective (BCEAO, 2017b). 

2.3 Monetary Policy in the West African Economic and Monetary Union 

To achieve price stability which is the main objective for BCEAO regarding their monetary 

policy and sound sustainable growth in the area, the central bank makes use of two primary 

tools, interest rates and required reserve ratios. The two main interest rates used to guide the 

economy are the calls for bidding, that currently sits at 2.5%, and the marginal lending 

window (repo rate) that currently sits at 3.5%. The reserve ratio is also implemented to 

control the credit distributing capacity of the banking system (BCEAO, 2017c). Overall, the 

effectiveness of the monetary policy within BCEAO has been estimated as low. Where the 

increases in the policy rate, broad money or in all the components of money supply except 

credit to the economy has no significant impact on inflation. But only if the increase in credit 

rises above 20 percentage annually (Kireyev, 2015).       

 

The institutional framework for monetary policies was renewed in 2010. The changes of this 

new framework for BCEAO was mainly targeting the decision-making process and its body, 

an increase in operational tools and how to review the objectives of their monetary policy. 

The changes in the decision-making organs resulted in that it now consists of one council 

from each member state called the national credit councils, a monetary policy committee 

(MPC), the board of directors, the audit committee, and finally the governor. The governor is 

also the leader of the MPC with whom he meets four times annually. The MPC is responsible 

for the monetary policy throughout WAEMU and the instruments used to obtain their goals. 

The two main instruments used by the BCEAO are reserve requirements and interest rates. 

Furthermore, to gain even better control over the financial part, the financial stability 

committee, known as FSC, was created (Kireyev, 2015). Each year a framework regarding 

macroeconomic is presented to inform about decisions about monetary policy.  

 

BCEAO is constantly working on improving inflation forecasting and the new model that is 

in progress, aims to forecast inflation through several different factors. The main objectives 
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of developing a model for forecasting inflation, is to gain knowledge about how much the 

monetary policy affects inflation and which parts of the monetary policy have an impact. 

High focus on controlling inflation is due to WAEMU having made it their main monetary 

policy objectives as they target an inflation rate of 2%, a choice that came as a consequence 

of pegging the CFA-franc to the euro (Nubukpo, 2015).  

 

BCEAO has their currency CFA-franc pegged to the euro as mentioned earlier in the 

introduction. This is a result from the monetary cooperation agreement signed between 

France and the member states of WAEMU in 1973. The agreement lies upon three basic 

condition which are, the fixed peg to the euro (former French franc), a sharing institution of 

issuing and a guarantee for convertibility which has no limit. The demand from France to 

agree on these terms about converting CFA-franc into euros with no limit was that 50% of the 

reserve holdings for the WAEMU member states went to the operations account issued by the 

French Treasury (Kireyev, 2015). This account is used as a current account for all transaction 

of CFA-franc to the euro or other foreign currencies.  

 

The capital mobility is in control by the region, mostly when regarding capital flows going 

out to non-member states. The use of CFA-franc outside WAEMU is forbidden. Capital 

flows going inwards to the region is, however, more accepted even though restrictions do 

exist (Kireyev, 2015).  

 

3 Theoretical Framework 

3.1 Monetary Policy and its Objectives 

The generic main objective of monetary policy is stability and a strife for equilibrium in the 

economic system. These goals can be seen as to encompass macroeconomic outcomes such as 

inflation, employment and output. A simple but in most cases quite accurate way of describing 

the monetary authorities acting, in setting its policy with these variables in mind, is through a 

simple loss function of the form seen in formula 3.1. Where y is output, y* represents output 

target, which if the central bank is independent should tend towards potential output. 𝜋 is 

inflation and 𝜋* is inflation target. Both these deviations are squared as neither positive nor 

negative deviations are desirable. 𝛾 is the weight put on inflation by the monetary authority, a 

high value representing an inflation averse authority, and a low an unemployment averse one. 
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As such, the whole loss function is a weighted sum of the output and inflation gap, and the 

setting of monetary policies to be done as to minimize this loss function (Tayler, 2018). 

 

Formula 3.1 𝐿 = (𝑦 − 𝑦∗)2 + 𝛾(𝜋 − 𝜋∗)2 

 

A common currency union does not only share its currency with the other countries, but also 

its monetary policy. Just like the European Central Bank (ECB) conducts the monetary policy 

for all of the euro area, the BCEAO conducts the monetary policy for all of WAEMU. So can 

the BCEAO be accurately described with this loss function?  In Article 8 of the statues of the 

BCEAO, price stability is stated as its main objective. Thus, being much closer to the ECB that 

similarly state price stability as its main objective, than the Federal Reserve's Dual Mandate of 

ensuring both price stability and maximum employment (Federal Reserve Bank of Chicago, 

2019). But also akin to the ECB the BCEAO does, though not as its main objective, take 

economic growth into consideration, and should as such, explicitly stating both output gap and 

inflation as their targets, be represented by the above simple loss function (BCEAO, 

2017a)(ECB, 2019a). 

3.2 Rules and Discretion 

To attain the goal of minimizing the above loss function, the central bank is faced with two 

alternative ways to operate, rules or discretion. Under discretion, the monetary authorities are 

given a goal and the tools to pursue this goal in whatever manner they find the most fitting. A 

rule is in essence a restriction on this discretion and can take the form of fixing the monetary 

policies tools, for example setting a constant money growth. But can further also be of a more 

responsive nature, calling for changes in the monetary instruments in response to changes in 

other variables, such as income or inflation (Dwyer, 1993).  

 

In the monetary policy surge of the 90s there was an influx in the research of these rules as 

well. According to Taylor (1993) this was due to four primary factors. The Lucas critique that 

bared the flaws of traditional policy evaluation, the notion that monetary policy ineffectiveness 

need not follow from rational expectations, the benefits of credibility in monetary policy, and 

finally the time inconsistency demonstration of an apparent superiority of rules over discretion. 

For example, the absence of commitment to a rule can be shown to produce a higher inflation 

with no gain in output and employment, known as discretionary or inflation bias (Tayler, 2018). 

Taylor (1993) however goes on to argue that a rule approach has always been problematized 
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by the apparent difficulty of sufficiently encompassing the numerous and complex aspects of 

monetary policy in some algebraic formula. All this in the paper where he introduces the Taylor 

rule, perhaps the prime example of a rule for monetary policy. Having however stated himself 

that following some mechanical rule is practically impossible, it might suggest that the rule 

still be practiced with some degree of discretion. In his paper Housing and Monetary Policy 

(2007) he however indicates that this discretion not be taken to excess. Seeing how he suggest 

the deviation in the interest rates set by the Federal Reserve from those prescribed by the Taylor 

rule in the period 2002-2005 gave rise to the housing boom and bust. The rule has further been 

demonstrated by Rudebusch and Svensson (1998) to be derivable endogenously from the loss 

function of the monetary policy.  

 

3.3 Taylor Rule 

The Taylor rule, taking its name from John B. Taylor, who introduced the rule in his 1993 

article Discretion vs policy rule in practice, is in its essence a simple interest rate rule or an 

instrument rule. An instrument rule expresses the monetary policy instrument, in this case the 

interest rate, as a function of a few variables. It is an alternative to a targeting rule, a targeting 

rule is more closely related to the loss function in formula 3.1 earlier discussed. As it makes 

use of a target function, such as this loss function, and from it derives an implicit rule of how 

to act. The Taylor rule has since its introduction surged in popularity and become somewhat 

synonymous with a good and sound monetary policy despite, or in much sense because, its 

simplicity. Because whilst being simple, the rule has been shown to explain the conduct of 

monetary policy in many countries rather well, not only in the US and its fed rate, for which it 

was originally developed. It has furthermore performed rather well in economic models, 

making it popular amongst researchers. With this being said, the rule is a good guide, but no 

central bank would follow it to the letter (Jonsson & Katinic, 2017). 

 

The original rule presented in John B. Taylor’s 1993 paper is a linear rule with the functional 

form seen below. 𝑟 represents the federal funds rate, 𝑝 the rate of inflation over the earlier four 

quarters, thus serving as a proxy for expected inflation. The 𝑦 is the percent deviation of real 

GDP from a target which is trend or potential GDP. As such it is calculated as 100(Y-Y*)/Y*, 

the Y* being trend GDP. The 2 in (p-2) represents the target inflation, and the +2 on the right-

hand side of the equation represents the neutral or natural rate of interest. What was quite 
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remarkable with the rule was how well it described the actual interest rate path of the federal 

funds rate in the period 1987-1992, illustrated in Figure 3.3 (Taylor, 1993) 

 

Original Taylor Rule: 𝑟 = 𝑝 + .5𝑦 + .5(𝑝 − 2) + 2     

 

Figure 3.3. Federal funds rate and original Taylor rule, 1987-1992. Reprinted from “Discretion 

versus policy rules in practice” by Taylor, J. B, 1993, Carnegie-Rochester Confer. Series on 

Public Policy, 39(C), 195-214. 

 

In 1998 Taylor made some slight alterations to the rule, resulting in the 1998 Taylor Rule seen 

below. What he did was to replace his set variables with ones that are allowed to vary. Thus 

replacing his inflation target of 2 with 𝜋∗, as well as the fixed 2% estimate of the neutral rate 

of interest with 𝑟𝑡
𝑓
 . Also, the equal weights of .5 for the output gap and inflation deviation was 

replaced by g and h respectively. However, it is still of the same functional form suggested as 

in 1993 (Taylor, 1998). 

 

1998 Taylor Rule: 𝒓𝒕 = 𝝅𝒕 + 𝒈𝒚𝒕 + 𝒉(𝝅𝒕 − 𝝅∗) + 𝒓𝒕
𝒇 
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3.4 Earlier Research 

The simple two factor rule introduced by Taylor, seems to have had a significant impact on 

economic performance in the US, or more correctly, the period in which it can be seen to have 

been followed has been one of prosperity, the great moderation (Bernanke, 2004). Taylor 

(2000) further finds it the optimum strategy also for emerging economies. There are, however, 

some that argue it undesirable, some critique stemming from that policy might have to be 

adjusted when new information arrives. An example being the abandonment of its original 

policy by the Bank of England during the financial crisis proposed by Martin and Milas (2013). 

Svensson (2003) finds a targeting rule superior, rather than an instrument rule like the Taylor 

rule, as it better allows for such adjustment to extra information. However, an alternative 

approach to enabling adjustment to new information is the introduction of nonlinearities to the 

Taylor rule. 

 

3.4.1 Nonlinearities 

One of the alterations of the original rule common in later research, is that of considering 

possible nonlinearities in the behaviour of central banks due to asymmetries in their preferences 

or also possibly to account for nonlinearity in the underlying structure of the economy. One 

such common preference is differences in the preference depending on if the economy is 

experiencing a recession, where output is given precedence or an expansion were inflation is 

given the most weight (Caporale, Helmi, Çatık, Menla Ali, & Akdeniz, 2018). Taylor and 

Davradakis (2006) also find these nonlinearities in the behaviour of the Bank of England 

despite a stated symmetric inflation target. Caporale et al. (2018) further conclude in their study 

of five emerging countries that an augmented nonlinear Taylor rule provide the best fit.  

 

3.4.2 Augmented Rules 

Apart from nonlinearities, Caporale et al. (2018) augmented rule also took into account 

exchange rate movements. Such alterations are also argued to be necessary by Svensson (2000) 

in the case of open economies subject to external shocks, and that thus the original rule might 

not be applicable there. Including the exchange rate has been considered by many before 

Caporale et al. (2018). Such as Ball (1998) who finds including the exchange rate in the rule, 

to result in lower variance of the exchange rate and output, and Caglayan, Jehan, & Mouratidis 

(2016) who concludes central bank behaviour to be influenced by exchange rate movements in 
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the UK and Canada. Shortland & Stasavage (2004) further consider the adding of the ECB 

interest rate, foreign assets and claims on government in the case of WAEMU, proposed as 

significant due to its peg to the euro, and find it to indeed be.  

 

3.4.3 Interest Rate Smoothing 

A further alteration proposed to the rule is that of interest rate smoothing which the original 

rule does not account for, the occurrence of which was proposed already before the Taylor rule 

by Goodfried (1991). Smoothing the interest rate might be important to achieve credibility, as 

well as to avoid disruptions in the capital markets (Caporale et al. 2018). Caporale et al. (2018) 

and Moura & De Carvalho (2010), both tried for this on different set of emerging economies 

and both found the smoothing parameter significant in all cases. Including lagged federal funds 

rate in the case of the US is further found in several studies to remove all serial correlation 

from the residuals, providing evidence that the Federal Reserve does indeed act to smooth 

interest rates (Qin & Enders 2008). 

 

3.4.4 Forward- and Backward-Looking Rules 

There is also the distinction between forward-looking and backward-looking rules. The 

backward-looking rule reacts to past movements in the variables, and the forward-looking one 

to expected future movements, thus reacting proactively. Fuerst (2000) finds a backward-

looking rule to perform best in his analysis of a flexible price economy with sticky prices. 

Huang, Margaritis, & Mayes (2001), further concludes in the case of New Zealand, whose 

monetary policy statements clearly sets future inflation values as the target, still are better 

described as targeting inflation closer to the present. However, Moura & De Carvalho (2010) 

results indicate that the best description of actual behaviour varies in their study of the seven 

largest Latin American economies. As they find Colombia as best described by a backward-

looking rule, and Brazil by a forward-looking one. Clarida, Galí, & Gertler (1997) tried 

applying the Taylor rule to two sets of countries. The first groups consists of Germany, Japan, 

USA, and the second group of UK, France, Italy. And concluded that the first group seemed to 

adjust interest rate to respond to inflation within in a forward-looking rather than backward-

looking framework, whilst the second group primarily followed Germany in their policies. 

Furthermore, in the case of US, Clarida, Galí, & Gertler, (2000) make use of the forward-

looking rule but conclude that though assuming this approach more plausible in advance, a 
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backward-looking approach attained the same key findings. However, Gerlach and Schnabel 

(2000) in the case of the Economic and Monetary Union of the European Union (EMU), 

concludes that their actual behaviour fits that proposed by the Taylor rule, thus again 

advocating the backward-looking framework. As such there is no clear consensus, however, 

when using a forward-looking rule it is, as pointed out by Orphanides (2003), best to use real-

time data of the actual estimates of the central bank. As the ex-post data might be highly revised 

and hence quite different from the estimate upon which the monetary authority would have 

based its policy.  

 

3.5 Components of the Taylor Rule 

3.5.1 Potential GDP and the Output Gap 

Potential GDP is not an observable variable and it is not reported by the BCEAO, which is why 

we must estimate this ourselves. Taylor (1993) uses a linear trend estimate of the variable, this 

way of estimating it assumes a constant linear trend over the whole period. This approach has 

not been widely reproduced in later papers, where instead the application of the Hodrick-

Prescott (HP)-filter on the output data is done more frequently, thus this is the approach we 

have decided to take (Caporale et al. 2018). It is furthermore the approach taken by Shortland 

and Stasavage (2004) for the case of WAEMU, who cite a BCEAO staff paper to have done 

the same. Through applying the HP-filter with E-views on the output data gathered, we have 

tried to extract an underlying trend that is allowed to vary over the period, unlike the simple 

constant linear trend used by Taylor 1993. The method does have many known shortcomings, 

which could be fair to assume for such a simple method. For instance, the exclusion of inflation 

and unemployment measures as it is applied directly and solely on the output data, two 

variables that can easily be argued to have effects on these estimates. It is furthermore known 

to deteriorate in accuracy towards the end of the sample (Caporale et al. 2018). Shortland and 

Stasavage (2004) did however experiment with alternative measures in the case of WAEMU 

and concluded no clear difference, the new measures being highly correlated with their HP-

filter estimates. Taking the same approach as Moura & De Carvalho (2010) but adjusted for 

quarterly rather than monthly data, our backward-looking rules will use 𝑦𝑡−1which is the output 

gap at time t-1. And our forward-looking rule 𝐸𝑡𝑦𝑡+4, which is the expected output gap for t+4 

at time t, but in our case, due to only ex-post data being available, it will be the realised output 

gap, thus 𝐸𝑡𝑦𝑡+4 ≡ 𝑦𝑡+4.  
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3.5.2 Inflation and Inflation Target 

As for the inflation target of the BCEAO, it is 2% annually (Kireyev, 2015), same as the ECB, 

Sveriges Riksbank and the one used by Taylor originally, then basing it on the historically 

observed average inflation during the period he investigated as the FED then did not have an 

explicit target(Taylor, 1993) (ECB, 2019b)(Jonsson & Katinic, 2017). For the inflation 

measure we are using a moving four quarter average of yearly inflation in accordance with 

Taylor (1993). Again, taking the same approach as Moura & De Carvalho (2010) with inflation 

as our output gap, our backward-looking rules will use 𝜋𝑡−1which is the four quarter inflation 

average at time t-1. And our forward-looking rule 𝐸𝑡𝜋𝑡+4, which is the the expected four 

quarter average for t+4 at time t, thus for the coming year. However, due to only ex-post data 

being available 𝐸𝑡𝜋𝑡+4 ≡  𝜋𝑡+4 . 

 

3.5.3 Natural Rate of Interest 

The natural rate of interest is in Wicksellian spirit the rate that pairs investing and saving 

perfectly, a concept first accepted by Keynes in his Treatise on Money (1930) but later rejected 

in his GT (1936), a rejection still ascertained in Post Keynesian Economics. However other 

schools of thought, for example the New Consensus Economics (NCM) still relies heavily on 

the concept, within which framework the Taylor rule is more commonly applied (Arestis, 

2009). In his original 1993 paper Taylor assumed a constant natural rate of 2%, and due to the 

surrounding ambiguity of the concept, we will assume this same constant rate of 2%. When 

moving on to estimate the modified rule, the same constant rate will be assumed but allowed 

to be absorbed in the intercept. This is a simplification but a necessary one due to the complex 

nature of trying to accurately estimate one ourselves. Furthermore, there is no such estimates 

for the area for our period of interest that could be taken from earlier research. This approach 

of leaving the term out is also taken by several other studies, see (Shortland and Stasavage 

2004) (Caporale et al. 2018) (Moura & De Carvalho 2010). 

 

3.5.4 The Weights, g and h 

When answering our first research question, if the BCEAO follows the original Taylor rule, 

the same weights of 0.5 each will naturally be employed. Moving on to estimate the modified 
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rule they are, however, allowed to be determined within our regression and consequently to 

differ from the original equal 0.5 proposed by Taylor (1993), and instead take the sign g and h. 

 

3.6 Components of the Augmented Rule 

3.6.1 The ECB-rate 

To maintain the CFA-franc peg to the euro, the BCEAO can logically be assumed to have to 

be influenced by the ECB-rate. This is because, if the short-term interest rate deviate more than 

accounted for by a risk premium, it will result in loss of exchange reserves. In the long run it 

is to be assumed that BCEAO need to adapt according to the changes in ECB lending rate. But 

in the short-run BCEAO are more freely to operate in a suitable manor (Shortland & Stasavage, 

2004). Shortland and Stasavage (2004) use an error-correction model with a long-run 

dependence on the ECB-rate. Seeing how we are using ordinary least square (OLS) it will 

instead be used in the same manner as foreign assets and claims on government, that is, with 

in-period values as an additional explanatory variable in the regression. 

 

3.6.2 Net Foreign Assets (NFA)  

The BCEAO further needs to maintain their peg, to do so the bank has reserves of foreign assets 

that they can use to intervene in the market to make up for excess demand or supply of the 

currency. A too high interest rate might cause increased demand for the CFA-franc. The bank 

must supply this to maintain the peg and in the process,  they will accumulate foreign assets. 

Inversely, if the interest rate is too low there will be an excess supply of the CFA-franc which 

the bank must absorb to maintain the peg, selling foreign assets causing them to drop. Thus, if 

there is a decline in foreign assets the bank can be assumed to try to stop it by increasing the 

interest rate, and equally lower it if there is too high accumulation of foreign assets. Therefore, 

there should be an inverse relationship between interest rate and foreign assets. We divide it by 

total GDP to cancel out general growth or shrinkage of the economy as a whole (Shortland & 

Stasavage, 2004). Shortland & Stasavage (2004) used a backward-looking rule, but this only 

affected inflation and output gap, the foreign assets still took the present values or equally 

(
𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕at time t. Similarly, Moura & De Carvalho (2010) used present values of the exchange 

rate in their augmented rule, both for forward- and backward-looking, rather than expectations 

or past values. As a result, the in period value will be used in both our forward- and backward-

looking rules. 
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3.6.3 Claims on Government (COG) 

Due to BCEAO providing a direct credit facility to the governments within the union, and it 

cannot limit credit to its members unless it exceeds 20% of annual revenues, the interest rate 

might instead be used to try to control it. There might be fears that increases in these claims on 

government might have to be monetized at some point, for instance an increase in claims ought 

to lead to an increase in interest rate to halt it. Thus, there should be a positive correlation 

between claims on government and the interest rate. Similarly, to foreign assets, we divide it 

by total GDP to cancel out general growth or shrinkage of the economy as a whole (Shortland 

& Stasavage, 2004). Shortland & Stasavage took the same approach to claim on government 

as they did with foreign assets, of using in-period values will, which is the approach taken here 

as well in both the forward- and backward-looking rules, thus (
𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 at time t. 

 

3.6.4 Interest Rate Smoothing 

As earlier discussed, interest rate smoothing seems to be present according to many earlier 

studies and building primarily on Caporale et al. (2018) and Moura & De Carvalho (2010) who 

both found it relevant in several emerging markets, we have also chosen to try for this. We will 

take the same approach as Moura & De Carvalho (2010) of including 𝑖𝑡−1as a smoothing 

parameter, taking the same form in both the forward- and backward-looking rules.  

 

4 Empirical Analysis 

4.1 Specification, Limitations, and Data 

The WAEMU was founded in 1994 and we have thus started from this year when data was 

available, as to include as much data as possible, to be able to draw relevant conclusions. This 

was, however, only applicable for GDP, as the full sample available, 1994-2017, was used 

when applying the Hodrick-Prescott filter (HP-filter). For the rest of the variables the data 

collected was only for the period 2001Q4-2017Q1, due to restriction of our dependent variable, 

the interest rate, which was only available for this period. One further exception was inflation 

that was collected also for 2001 Q1,2, &3, as the inflation deviation is calculated as a one year 

moving average, in accordance with Moura & De Carvalho (2010) and Taylor (1993). No 

period has been excluded from the analysis in form of outliers and as such the full sample size 
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is 62. A further limitation came in the form of a very limited reporting of the output, as it is 

only reported on an annual basis. As all other data is available on a quarterly basis, we choose 

to convert the output to quarterly where a linear trend is assumed for actual GDP, but for the 

output gap interpolation, where each quarters output gap is assumed that of the year, is used. 

The same assumption made by Shortland and Stasavage (2004) when converting quarterly 

output gaps to monthly. Apart from a larger sample size, further benefits of using quarterly 

data can be seen in how it  better reflects the actual behaviour of the BCEAO, which meets 

quarterly for monetary policy discussion, and it is also more common frequency when 

calculating Taylor Rules. The data is gathered from the international monetary funds (IMF) 

databases, the BCEAO does offer its own database, but as it does not report data before 2005 

it was not used. The different variables used are summarized in the table below. 

Summary Statistics Mean 

Standard 

Deviation Minimum Maximum 

Expected 

Sign 

BCEAO-rate 4.270 0.719 3.500 6.000 + 

ECB-rate 2.402 1.568 0.250 5.250 + 

Output_gap -0.655 1.854 -5.159 4.327 + 

inflation_deviation 0.247 1.973 -2.833 6.218 + 

COG 3.943 0.954 2.142 5.030 + 

NFA 12.952 2.387 7.486 17.440 - 

  

4.2 Research Design 

As there seems to be little to no consensus on what format the “best” Taylor rule might take, 

we will in our research try to account for several different alternatives. Both backward-looking 

and a forward-looking rules will be considered. No such vintage data that Orphanides (2003) 

find the best to use is however available in the case of BCEAO, as such ex-post data will instead 

be used. Starting with the original rule we will establish a benchmark to compare our 

augmented rules with, and simultaneously establish the most appropriate way of aggregating 

the data. For the first augmented rules the added variables will be those proposed by Shortland 

and Stasavage (2004), namely foreign assets, claims on government and the ECB interest rate. 

We will further also consider a rule with interest rate smoothing, as both Caporale et al. (2018) 

and Moura & De Carvalho (2010), finds a smoothing parameter significant in all emerging 

economies they considered. Finally, to account for overdispersion of too many added variables 

we will proceed and make the model more parsimonious by removing insignificant variables 

in a stepwise method.  
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4.2.1 Original Taylor Rule 

To answer our proposed research question if the original 1993 Taylor rule, with its equal 

weights of 0.5 on output gap and inflation, can approximate the actual behaviour of the BCEAO 

in its setting of interest rates, we calculate implied Taylor rates to see if these can be said to 

explain actual interest rates. What must be addressed simultaneously is how the BCEAO might 

aggregate the eight countries for which they are to set the interest rate, or equally how they 

weigh them. We try for three different ways of aggregating the data suggested by Shortland 

and Stasavage (2004). 

 

To test if the BCEAO gives equal weight to all countries, all the output gaps and all the inflation 

estimates for each country are summed for each period and then the average of these for each 

period is calculated. These are then used as inputs in the original Taylor rule to estimate implied 

interest rates for each period. 

Aggregate inflation at year t:𝜋𝑡 =
𝛴𝜋𝑖𝑡

8
 

Aggregate output gap at year t: 𝑦𝑡 =
𝛴𝑦𝑖𝑡

8
 

 

A second alternative might be that the BCEAO weigh each country by their GDP. To test for 

this each countries’ share of total GDP in WAEMU is calculated for each period. These 

estimates are then used as weights, paired with inflation and output gap for their corresponding 

country and period, when aggregating the data. These new aggregates are then used when 

calculating the implied Taylor rates.   

Aggregate inflation at year t:𝜋𝑡 = 𝛴(𝜋𝑖𝑡 ∗ 𝛼𝑖𝑡) 

Aggregate output gap at year t: 𝑦𝑡 = 𝛴(𝑦𝑖𝑡 ∗ 𝛼𝑖𝑡) where 𝛼𝑖𝑡 =
𝐺𝐷𝑃𝑖𝑡

𝛴𝐺𝐷𝑃𝑡
 

 

The third way of weighing them considered, is to only take Côte d’Ivoire into account, the 

biggest country as per GDP in the union. In this manner we can test if a clear preference for 

Ivorian economic circumstances is given, and if they thus have a very predominant role in the 

BCEAO decision making. Much alike to similar research in the euro area having investigated 

if German economic circumstance might be seen to primarily guide the ECB rate, given their 

very predominant role in the area, Kool (2005) to mention one. As a result, only the Côte 

d’Ivoire inflation and output gap are used each period, or equally that they are given a weight 

of 1, and all other economies a weight of 0. 
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Aggregate inflation at year t:𝜋𝑡 = 𝜋𝐶ô𝑡𝑒 𝑑’𝐼𝑣𝑜𝑖𝑟𝑒 

Aggregate output gap at year t: 𝑦𝑡 = 𝑦𝐶ô𝑡𝑒 𝑑’𝐼𝑣𝑜𝑖𝑟𝑒 

 

The period covered is 2001Q4-2017Q1, given earlier stated limitations on accurate data for 

historical BCEAO rates. Inflation target is set at 2% as it is the stated goal of the BCEAO, and 

the neutral rate of interest is set at 2% in line with the original Taylor rule. The different rates 

we obtained from aggregating our data in different manners are then regressed on the actual 

BCEAO rates, and a comparison to ascertain the best fit is done.  

 

4.2.2 The Modified Rules 

To answer our second research question, if an augmented rule might better describe the actual 

behaviour of the BCEAO, we proceed to initially run four alternative augmented rules, two 

backwards looking and two forward looking, and two original two factor rules, also divided 

with one backward looking and one forward looking but with the weights determined by the 

regression rather than set at their original 0.5 each. We can, however, due to multicollinearity 

not include both the inflation deviation and inflation, these two independent variables are 

perfectly correlated. The inflation deviation simply being inflation minus 2% as our inflation 

target remains constant. We thus have chosen to keep only the inflation deviation, omitting the 

inflation, a common approach, see (Shortland and Stasavage 2004) (Caporale et al. 2018) 

(Moura & De Carvalho 2010), and something that hold for the subsequent augmented rules as 

well. Thus, the first backward- and forward-looking rule will take the following forms. 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 1: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕−𝟏 − 𝝅∗) + 𝜷𝟐𝒚𝒕−𝟏 

𝐹𝑜𝑟𝑤𝑎𝑟𝑑 1: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕+𝟒 − 𝝅∗) + 𝜷𝟐𝒚𝒕+𝟒 

 

The second model will take into account the variables proposed by Shortland and Stasavage in 

their study of WAEMU. Thus, ECB interest rate, foreign assets over total GDP and Claims on 

government over total GDP are added as explanatory variables. The forward- and backward-

looking alternatives take the following forms. 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 2: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕−𝟏 − 𝝅∗) + 𝜷𝟐𝒚𝒕−𝟏 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 

𝐹𝑜𝑟𝑤𝑎𝑟𝑑 2: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕+𝟒 − 𝝅∗) + 𝜷𝟐𝒚𝒕+𝟒 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 
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We further consider a rule with interest rate smoothing as it as earlier mentioned has been found 

to be present in several studies. Thus, we proceed to add it to the above rules which then takes 

the following forms. 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 3: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕−𝟏 − 𝝅∗) + 𝜷𝟐𝒚𝒕−𝟏 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝐹𝑜𝑟𝑤𝑎𝑟𝑑 3: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕+𝟒 − 𝝅∗) + 𝜷𝟐𝒚𝒕+𝟒 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

 

Having arrived at this full model, including all variables proposed in earlier studies as 

significant, save nonlinearities, we will proceed to consider the problem of overfitting. This is 

done by removing the most insignificant variable one by one, to see if we thus can shrink our 

forecast errors. 

 

4.2.3 Model Evaluation 

The approach to evaluating the different models will be similar to that of Moura & De Carvalho 

(2010) and Qin and Enders (2008), in that out-of-sample forecasting performance is used as a 

means of selecting the most appropriate model. Thus the 62 observations are divided so that 

there are 21 prediction periods, or roughly ⅓. However, due to the structure of our forward-

looking rules the last four periods cannot be used, so given this restriction the last 25 periods 

are put aside as the forecasting period. As such the estimation sub-sample will be period 1-37, 

but given that several variables are lagged one period, it will in effect be period 2-37. For 

equality between the estimates and for comparability, the restriction imposed by the one rule 

are also put on the other. A larger estimation than forecast period is selected as to still have 

reasonably large sample size for better statistical power. Therefore, we will estimate the models 

on the estimation subset and then keeping these parameters fixed, we will calculate proposed 

interest rates for the forecast subset. The errors on both subsets will then be calculated and used 

to compare and evaluate the models. We will also as Qin and Enders (2008) make use of the 

Akaike information criteria (AIC) and Schwarz information criteria (SIC) as additional in-

sample inference. Further consideration of the discrete nature of interest rates in reality will be 

explored, as to try for “acceptable” deviations.  

 

4.2.4 Ordinary Least Square 

Given the linearity of the Taylor rule and also the augmented rules, we will use OLS multiple 

linear regression. The OLS approach seems to have lost ground since Taylor (1993) used it. 
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Instead other modelling seems to have to a certain degree taken over, General method of 

moments (GMM) being a common approach, see (Clarida et al. 2000) (Clarida et al. 1997) 

(Caporale et al. 2018). But also, error correction models, see (Shortland and Stasavage, 2004). 

Given both Taylors original use of it, as well as the more contemporary conclusion of Caporale 

et al. (2018), that one can rely on OLS rather than GMM when estimating Taylor rules, and 

thus benefit from its simplicity and higher precision, OLS will be employed. Like Moura & De 

Carvalho (2010), as well as Caporale et al. (2018), it will further be ran with Newey-West 

standard errors, which is consistent in the presence of both heteroscedasticity and 

autocorrelation (HAC), as we could not reject their presence in our regressions, see appendix 

A5. We further tested for multicollinearity with VIF. There is no formal VIF critical values, 

but a rule of thumb is that it ought not be greater than 10, as then the presence of 

multicollinearity might be considered severe (Gujarati & Porter, 2009). None of our VIF values 

exceeded 10 and we thus conclude that no severe multicollinearity is present, see appendix A4. 

 

5 Results 

5.1 Differently Aggregated Original Taylor Rules 

With our first regressions we tried to establish what weights the BCEAO might have put on the 

eight countries for which it sets its interest rate, and if with these weights the original Taylor 

rule can describe the behaviour of BCEAO. This is as earlier stated in the empirical analysis 

section, done by regressing each of our three different Taylor rates, that were produced by 

aggregating the data at hand in three distinct ways, on the actual interest rate set during the 

period by ECB. The regressions were done in Eviews and the respective tables can be found in 

appendix A1. The different ways of aggregating it turned out rather similar. However, given 

the highest R-square and most significant coefficient, weighing each country by its GDP was 

chosen as the best alternative, in line with Shortland and Stasavage (2004) findings. The GDP 

weighted rule further had the smallest errors in the forecast period, in which we intend to use 

it as a benchmark. However, even when aggregating the data in this manner, the original rule 

seems a poor fit to the actual behaviour of the BCEAO, given graphical interpretation of figure 

5.1 below, and the still relatively low r-square of 0.168. But as our own findings align with 

earlier research, we proceed to use this GDP weighted aggregate for the output gap and inflation 

deviation, in the subsequent augmented rules, and also as our benchmark. 
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Figure 5.1, Original Taylor rule with different weights (forecast sub-sample starts at the dashed line) 

5.2 Modified Taylor Rules 

We proceeded to run the four proposed augmented rules and the two additional original two 

factor rules regressions, the output of each can be found in appendix A2. We then used the 

proposed coefficient of each rule to calculate implied rates for each period. These implied rates 

were then subtracted from the actual rate and squared to produce the error of each periods 

estimate. These errors were then summed for the two sub-sample, were the in-sample errors 

are period 2-37, and the out-of-sample forecast errors are period 38-58, given earlier stated 

limitations. The calculations were done in excel and the results can be found in table 5.2 below. 

The results are also visualised in figure 5.2. Also, the AIC and SIC were noted down for each 

model as an additional in-sample evaluation. All rules performed better than the original Taylor 

rule benchmark in both in-sample as well as forecast errors.  
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Table 5.1 Errors of the modified Taylor rules 

Model 

In-sample 

errors Forecast errors Sum of errors (AIC) (SIC) 

Backward 1 16.018 9.087 25.104 2.195 2.327 

Forward1 14.816 26.169 40.985 2.117 2.249 

Backward2 3.511 16.110 19.620 0.843 1.107 

Forward2 4.040 6.510 10.550 0.984 1.248 

Backward3 1.103 2.195 3.298 -0.259 0.049 

Forward3 1.258 1.833 3.092 -0.132 0.176 

 

 

 

Figure 5.2, The modified Taylor rules plotted. (forecast sub-sample starts at the dashed line) 

 

5.3 Optimizing 

We further considered overdispersion and proceeded to test nested models and making the full 

model more parsimonious, removing the most insignificant variable in a stepwise manner. As 

such when one variable was removed it stayed out, so when the second variable was removed, 

two variables were gone, and so on and so forth. We decided to proceed with both the full 

models, which was backward- and forward-looking rule 3, as the backward-looking one 

performed the best in-sample and the forward-looking in the forecast period. 
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No variable was highly insignificant in both models, but as the output gap was highly 

insignificant in the forward model (p-value=0.9156), and insignificant at the 5% level in the 

backward model (p-value=0.0598), where it further took the wrong sign, it was removed first. 

In the backward model this resulted in an increase in errors, as can be seen comparing table 5.2 

and 5.3, but improved both AIC and SIC. In the forward model it however resulted in lower 

forecast errors, and again improved both AIC and SIC.  

 

Secondly, we considered removing NFA, or equally that the BCEAO put no weight in the 

variable, as it took the wrong sign in both models. This shrank the forecast error in both models, 

but simultaneously increased both models in-sample period error as well as increased the AIC 

and SIC.  

 

Thirdly, inflation was removed as it was now insignificant in both models and took the wrong 

sign in the forward looking one. As such the forward and backward-looking rule was now of 

the same form. Again, the forecast errors shrank but with the trade-off of increased in-sample 

errors, though very marginally in both instances as compared to our earlier forward looking 

rule, but where inflation took the wrong sign. As for AIC and SIC, it improved as compared to 

the forward-looking rule, but worsened as compared to the backward-looking one.  

 

We proceeded to remove claims on government (COG) which was now insignificant, however 

not strongly insignificant. Removing the COG increased both in- and out of sample forecast 

errors but did improve AIC and SIC, as compared to including it. Both remaining variables, 

lagged BCEAO-rate and the ECB-rate, were now significant and took the correct sign. In-

sample errors and forecast errors are calculated in excel in the same manner as stated in the 

earlier section, and again AIC and SIC are also reported in the table for additional in-sample 

evaluation measures. All regression outputs can be found in appendix A3.   

 

The best model seems to vary depending on what criteria one chooses to evaluate them. Whilst 

the no inflation model performs the best in the out-of-sample and sum of errors, the difference 

is very small as compared to the forward-looking rule without foreign assets that still had 

inflation. Though this model has the second lowest value in both aforementioned categories 

the inflation coefficient takes the wrong sign as compared to the underlying theory. Looking 

instead at the AIC and SIC scores, the backward-looking model that only excludes the output 
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gap seems the best, it further has the lowest in-sample error, though not unexpected seeing how 

the residual sum of squares (RSS) enters in to the equation of AIC and SIC, but not a given as 

AIC and SIC further also penalizes the number of parameters. As for second best in terms of 

AIC and SIC it varies, the backward-looking with no foreign assets having the second lowest 

AIC, and the last model without claims of government having the second lowest SIC. A 

difference due to SIC penalizing the number of parameters harsher than AIC. 

 

For clarity the different functional form of the rules tried can be found below with the name 

they are referred to in the subsequent tables, figures, and text. 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝑛𝑜 𝑔𝑎𝑝: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕−𝟏 − 𝝅∗) + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑛𝑜 𝑔𝑎𝑝: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕+𝟒 − 𝝅∗) + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝜷𝟓(

𝑵𝑭𝑨

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝐵𝑎𝑐𝑘𝑤𝑎𝑟𝑑 𝑛𝑜 𝑁𝐹𝐴: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕−𝟏 − 𝝅∗) + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝐹𝑜𝑟𝑤𝑎𝑟𝑑 𝑛𝑜 𝑁𝐹𝐴: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟏(𝝅𝒕+𝟒 − 𝝅∗) + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝑁𝑜 𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝜷𝟒(

𝑪𝑶𝑮

𝑮𝑫𝑷
)𝒕 + 𝒊𝒕−𝟏 

𝑁𝑜 𝐶𝑂𝐺: 𝒊𝒕 = 𝜷𝟎 + 𝜷𝟑𝒊𝒕
𝑬𝑪𝑩 + 𝒊𝒕−𝟏 

 

Table 5.2 Errors of the different rules form stepwise removal  

Model 

In-sample 

errors 

Forecast 

errors 

Sum of 

errors (AIC) (SIC) 

Backward no gap 1.103 2.394 3.497 -0.314 -0.050 

Forward no gap 1.299 1.120 2.418 -0.151 0.113 

Backward no nfa 1.367 0.589 1.956 -0.155 0.065 

Forward no nfa 1.511 0.295 1.805 -0.055 0.165 

no inflation 1.516 0.289 1.805 -0.107 0.069 

no cog 1.572 0.333 1.906 -0.126 0.005 
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Figure 5.3, The different rules from stepwise removal plotted. (forecast sub-sample starts at the dashed line) 

 

5.4 Discrete Changes   

Though here, as well as in other research, interest rate is commonly treated as a continuous 

variable, changes tend to in actuality be discrete, and of at least 25 basis points (Shortland & 

Stasavage, 2004). As such our model might still be true to behaviour of the BCEAO whilst 

still producing an error, if it proposes a change less than 25 basis points, as it can then be seen 

as not enough to cause a change in the real rate. Therefore, a further way of evaluating the 

rules is to look at how many times their proposed rates differ by at least 25 basis points from 

that of the realised rates. The number of periods that the rates differed by more than 25 basis 

points were observed and summarized in table 5.4. 
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Table 5.4 Periods with a difference of more than 25 basis points between rule and actual rate 

Model 

Difference > +/-25 

basis points Model 

Difference > +/-25 

basis points 

Backward1 41 B no gap 19 

Forward1 42 F no gap 11 

Backward2 29 B no nfa 9 

Forward2 36 F no nfa 5 

Backward3 17 no inflation 5 

Forward3 15 no cog 5 

 

6 Discussion 

Our first purpose was to see if the original Taylor rule could be said to accurately approximate 

the actual behaviour of the BCEAO in its interest rate setting. Given a rather low r-square and 

graphical interpretation when plotting the rates, we concluded that it did not do so. This might 

be due to different weights being given to the two factors, or perhaps that the original rule 

excludes variables. This is in line with Taylors (2000) own findings as well as Svensson (2003) 

and others, that alterations might be necessary for emerging markets. It is also in line with 

earlier studies of WAEMU (Shortland & Stasavage, 2004)(Diabate, 2016). We simultaneously 

addressed the question of how the BCEAO might aggregate the inflation deviation and output 

gap in the eight countries that they oversee. Though the three different methods tried were only 

marginally different, weighing each country by their GDP performed the best in means of r-

square and significance of its coefficient. It further aligned with earlier findings of Shortland 

and Stasavage (2004), and therefore we choose to proceed to aggregate the data in this manner 

also for the later regressions.  

We then proceeded to try to account for these two earlier mentioned possible causes of the poor 

fit of the original Taylor rule, namely different weights or omitted variables. With this we also 

hoped to answer our second research question, if adding variables proposed as significant in 

the case of WAEMU more accurately encompass the historical behaviour of the BCEAO. We 

ran six different regressions, the two first being a forward- and a backward-looking two factor 

model, similar to the original Taylor rule but the weights of inflation deviation and the output 
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gap allowed to be determined by the regression. Secondly, we ran a forward- and backward-

looking augmented rule, with the variables added, being those proposed by Shortland and 

Stasavage (2004) in their study of WAEMU, namely ECB-rate, foreign assets and claims on 

government. Thirdly, we added an interest rate smoothing parameter to the augmented Taylor 

rule, in the form of a lagged BCEAO-rate, also in both the forward- and backward-looking rule. 

Out of the six different rules the last two, the ones where the interest rate smoothing was added, 

henceforth referred to as the full models, performed the best in all categories evaluated. That 

is in-sample as well as out-of-sample forecast errors, AIC and SIC. The forward looking one 

performing the best in forecasting but the backward-looking rule in all the in-sample 

evaluations. As these last two rules surpassed the original rule benchmark errors substantially, 

and further also performed better than the two factor models with altered weights, we conclude 

that adding variables proposed as significant in the case of WAEMU indeed better encompass 

their behaviour. The increased accuracy of adding the interest rate smoothing is inline with 

much earlier research that finds it prevalent in several emerging markets, Caporale et al. (2018) 

and Moura & De Carvalho (2010) to mention two. However, that the in-sample errors are 

reduced when adding more variables is not a given, but perhaps quite likely and not an adequate 

reason to include a variable. The variable could in fact be irrelevant and by including it we 

might have committed a specification error and overfitted the model, which could cause it to 

fail to predict future observations (Gujarati and Porter 2009). The out-of-sample forecast error 

are thus a better means of evaluation, and it indeed is reduced in the full model. Having added 

several variables at a time we can, however, not say for certain if the one variable, say foreign 

assets, is indeed relevant or if the improvement in the forecast errors were due to 

simultaneously adding for example claims on government. As trying all 111 possible 

combinations of our proposed variables would be time consuming and inefficient, we instead 

tried for possible nested model, by removing the most unlikely variable in a stepwise manner. 

This is further justified by several variables taking the wrong sign as compared to the 

underlying theory. 

We removed variables one at a time in the order, output gap, foreign assets, inflation deviation, 

and claims on government and re-ran the regressions. The results found were that our forecast 

errors shrank until the very last removal, which was claims on government. As the forecast 

errors shrank with each and every one of the earlier removals, it suggests that they all might be 

cases of irrelevant variables, as the predictive power of the model was increased upon their 
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exclusion. The in-sample predictions did however fare worse as we removed variables, and 

also AIC and SIC. AIC and SIC are common evaluation methods for models, but one ought 

not to blindly look the lowest score, but rather consider all with reasonably small scores and 

instead make further inference on other criteria, such as simplicity and relevance (Ruppert et 

al., 2003). As the model does become simpler the more variables we remove, and the change 

in AIC and SIC are very marginal, it does perhaps speak for the no inflation model being the 

best if simplicity indeed is to be favoured. As it is the second most parsimonious but performing 

the best in forecasts and also has the smallest sum of errors. Furthermore, the models that 

performed best in the forecast period before removal of variables were the forward-looking 

rules, except in backward- and forward-looking model 1. These rules can, however, not be 

rationalised as both output gap and inflation deviation takes the wrong sign in them, again save 

the two-factor model. We further considered the discrete nature of interest rate changes, by 

identifying and counting deviations of more than 25 basis points from the actual BCEAO-rate. 

To most degree the results of this aligns with our earlier findings, and the no inflation rule again 

performs best, though equally with the forward no NFA and no COG. Even these do, however, 

deviate five times from the rule. 

 

Given the results obtained, the answer to our third research question, what variables primarily 

drive the interest rate setting of the BCEAO, is interest rate smoothing, the ECB-rate and the 

claims on government. Though we do not consider our findings conclusive in that the other 

variables are ignored, it does not seem likely that they could be said to primarily drive it. The 

findings that the ECB-rate and the claims on government can be seen to influence the interest 

rate is in line with that of Shortland and Stasavage (2004), they did, however, find the other 

variables they proposed to do so as well, but state that the effect is relatively small. Reasons 

for the different findings might be the different time periods and that there has been a change 

of preference of the monetary authority. Furthermore, they employed an error correction model 

with both long run (ECB-rate) and short run (all other variables) approach. In this manner they 

might have been able to distinguish smaller influences. Another difference is that they did not 

account for interest rate smoothing, something that according to our findings seem to be very 

prevalent. This inclusion of a lagged dependent variable can further have implications on our 

other explanatory variables, as it can cause their coefficients to be biased downward (Keele & 

Kelly, 2005). Thus, this might also cause us to be underestimating their effects which could 

also give rise to this difference. 
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Another thing that could be considered is the possible existence of non-linearities, such as those 

brought up by Caporale et al. (2018), of different preference depending on if the economy is 

experiencing a boom or a bust. This and other such non-linearities could skew our inference of 

the variables. A further econometric consideration one might also make, is that brought up by 

Qin and Enders (2008), that rather than a model consistent with the true data-generating 

process, an overly parsimonious one might actually produce better forecast, which creates 

further ambiguity in the matter of making inference. 

Our results do not align well with the stated goal of the BCEAO, of primarily controlling price 

stability. They seem to instead be primarily concerned with interest rate smoothing and claims 

on government, whilst simultaneously being driven by the ECB-rate as suggested by the theory 

of interest rate parity given a fixed exchange rate. The preference for interest rate smoothing is 

in line with earlier critique against BCEAO brought up by Shortland and Stasavage (2004), 

that they do not use their interest rate as an active tool, further shown in the quite infrequent 

modifications of the rate. Whilst Kireyev (2015) suggests that the proper institutional 

frameworks, to allow for an independent monetary policy is in place in the case of WAEMU, 

the BCEAO seem to only do so in a very limited fashion. Thus, if we are to entertain the thought 

that the inflation deviation and output gap is not considered as our results suggests, it could 

give rise to much instability in the area. Perhaps a lack of reaction to these variables can be part 

of the cause of the observed high volatility of the variables in the area historically and could 

further also give rise to future volatility and instability. Our failure to identify any significant 

reaction to the variables could also suggest inconsistency, and that the monetary policy might 

be operated much under a discretionary framework rather than some rule as the ones we have 

tried to estimate. From discretion follows the discretionary, or inflationary bias, where one has 

an increase in inflation without any improvement in output or employment, as compared to a 

rule. Seeing no clear reaction to inflation further puts into question the credibility of the 

BCEAO in controlling inflation, which whilst being stated as the primary goal seems to not 

drive the interest rate. It might, however, also be the case that the Taylor rule is simply not 

applicable to WAEMU, something for which there might be a fair probability given the very 

heterogeneous nature of the union as compared to the US and other countries where it is 

commonly employed. Earlier research having been done on it in the area suggest otherwise, 

though a common flaw we see in these studies is a lack of actually testing the performance of 

the rule in any type of forecasting. 
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7 Conclusion 

The purpose of this paper has been to investigate the monetary policy of the BCEAO in terms 

of a rule-based approach to their use of their interest rate. The evaluation of the different rules 

was based on both in-sample and out-of-sample errors. We conclude that the original Taylor 

rule does not encompass their behaviour very well. We tried the accuracy of the simple two 

factor model with different weights, which did perform better than the original rule but was 

surpassed by the augmented rules taken into consideration. As such we conclude that an 

augmented rule better encompasses the historical behaviour of the BCEAO. The rule that 

according to our findings seem to approximate their behaviour the best, does ,however, not 

take into account either of the original two factors of the Taylor rule and can as such perhaps 

hardly be described as an augmented Taylor rule. As to what variables primarily drive their 

interest rate setting our results indicate interest rate smoothing as well as the ECB-rate, but also 

claims on government increase the accuracy of the forecasts and seems thus to also influence 

it.  

The final model does, however, see the BCEAO-rate primarily driven by past values of itself, 

and we have as such not been able to identify significant and consistent responses to domestic 

variables, except claims on government. Though we do not see our findings as conclusive in 

that the BCEAO puts no weight in output gap, inflation deviation and foreign assets, it does 

not seem as they could be seen primarily drive it. Thus, if they do respond to these variables, 

we judge their response to be very marginal, aligning with earlier critique that they do not 

actively make use of this policy tool. It could also be that their response is very inconsistent 

and that they as such operate much under a discretionary framework rather than some rule. 

Either case can, however, result in increased volatility of the variables and general instability 

in the area. It can further affect the banks credibility in attaining its primary goal of price 

stability, if there seems to be no consistent or significant response to battle it.  

The findings that the ECB-rate does not exclusively drive the BCEAO-rate suggests that they 

indeed do retain some independence of monetary policy to respond to domestic variables, as 

proposed by earlier research. This despite having a fixed exchange rate, with which monetary 

policy independence is taught as being forgone. As such our research shows a more nuanced 

picture to the simplified pairing of fixed exchange rate with fiscal policy exclusively and 
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monetary policy with floating exchange rates exclusively, taught in basic macroeconomic 

classes. Though the condition upon which it rests, perfect capital mobility, has been brought 

up, we feel that the implications when it does not hold has been explored to a far too limited 

degree.    

Further research could be conducted with higher frequency data if made available, as to allow 

for a larger sample size and thus perhaps more robust conclusions. Also, the use of vintage 

data, as proposed by Orphanides (2003), could perhaps give a clearer picture, and further we 

also suggest that the possibility of non-linearities should be considered. 
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Figures 

Figure 3.3. Federal funds rate and original Taylor rule, 1987-1992. By Taylor, 1993, 

Discretion versus policy rules in practice. Carnegie-Rochester Confer. Series on Public 

Policy, 39(C), 195-214. 
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Appendices 

A1 - Original Taylor rule 

 

Variables Côte D'Ivoire Only GDP Weighted Equally Weighted 

Ivory 0.085739*** 

(0.031069) 

  

GDP_W  0.096845*** 

(0.028050) 

 

Equally_W   0.076945*** 

(0.024515) 

Constant 3.895715*** 

(0.150801) 

3.847677*** 

(0.140063) 

3.918971*** 

(0.131773) 

Observations 61 61 61 

R-squared 0.114319 0.168085 0.143083 

***p<0.01 , **p<0.05, *p<0.1 

(Standard errors in parentheses) 
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A2 - Modified Taylor rules 

 

Variables  B-looking 1 F-looking 1 B-looking 2 F-looking 2 B-looking 3 F-looking 3 

Inflation_devi

ation(-1) 

0.078749 

(0.061514) 

 0.192985*** 

(0.036129) 

 0.063984* 

(0.029826) 

 

Inflation_devi

ation(+4) 

 -0.111288* 

(0.057532) 

 -0.214441*** 

(0.052743) 
 -0.048274* 

(0.024642) 

Output_gap(-

1) 

0.078212 

(0.247560) 

 -0.065828 

(0.104964) 

 0.008786 

(0.08786) 

 

Output_gap(+

4) 

 0.067072 

(0.064596) 

 -0.116473* 

(0.061185) 

 -0.045446* 

(0.024531) 

ECB_rate   0.543534*** 

(0.056522) 

0.748039*** 

(0.122861) 

0.246824*** 

(0.065123) 

0.262120*** 

(0.069120) 

COG   0.848710*** 

(0.093964) 

0.593184*** 

(0.154659) 

0.315930*** 

(0.091554) 

0.170067** 

(0.069120) 

NFA   0.065254* 

(0.033012) 

0.039507 

(0.040474) 

0.061021** 

(0.026409) 

0.031641 

(0.032050) 

BCEAO_rate

(-1) 

    0.694481*** 

(0.095213) 

0.748304*** 

(0.063583) 

Constant 4.502148*** 

(0.222058) 

4.672841*** 

(0.273435) 

-1.281244 

(0.770018) 

-0.540726 

(1.242912) 

-1.411913** 

(0.656802) 

-0.787188 

(0.700140) 

Observations 37 37 37 37 37 37 

R-squared 0.074791 0.144185 0.79224 0.766636 0.936312 0.927669 

Adjusted 𝑅2  0.018718 0.092318 0.763428 0.727742 0.923136 0.912703 

***p<0.01 , **p<0.05, *p<0.1 

(Newey-West robust standard errors in parentheses) 
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A3 - Optimization 

 

Variables  B no gap F no gap B no NFA F no NFA No inflation No COG 

Inflation_devi

ation(-1) 

0.064217** 

(0.028474) 

 0.043434 

(0.028737) 

   

Inflation_devi

ation(+4) 

 -0.043843 

(0.025899) 

 -0.008843 

(0.028077) 

  

Output_gap(-

1) 

      

Output_gap(+

4) 

      

ECB_rate 0.247294*** 

(0.062859) 

0.245977*** 

(0.073720) 

0.153969** 

(0.057159) 

0.117768* 

(0.058324) 

0.102635*** 

(0.031716) 

0.068352** 

(0.032278) 

COG 0.313535*** 

(0.094464) 

0.199839*** 

(0.062376) 

0.172696** 

(0.069187) 

0.074000 

(0.055589) 

0.064571 

(0.047326) 

 

NFA 0.059292* 

(0.025090) 

0.058903** 

(0.026204) 

    

BCEAO_rate

(-1) 

0.693681*** 

(0.090723) 

0.767727*** 

(0.069844) 

0.717993*** 

(0.104301) 

0.816578*** 

(0.078046) 

0.837125*** 

(0.067547) 

0.889322*** 

(0.068920) 

Constant -1.382326** 

(0.630165) 

-1.233441* 

(0.623482) 

0.082062 

(0.226723) 

0.139579 

(0.258036) 

0.123956 

(0.261764) 

0.227795 

(0.284511) 

Observations 37 37 37 37 37 37 

R-squared 0.936293 0.924994 0.921031 0.912726 0.912423 0.909185 

Adjusted 𝑅2  0.925676 0.912493 0.910841 0.901464 0.904213 0.903681 

***p<0.01 , **p<0.05, *p<0.1 

(Newey-West robust standard errors in parentheses) 
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A4 - Multicollinearity 

Correlation matrix 

 

 

VIF-scores 

Variable 𝑹𝟐 VIF 

Inflation_deviation 0.742630 3.8855 

Output_gap 0.809217  5.2416 

ECB_rate 0.803609 5.0919 

COG 0.879664 8.3101 

NFA 0.794343 4.8625 
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A5 - Autocorrelation 

 

Model Durbin-Watson d-statistic 𝑑𝑈 / 4 − 𝑑𝑈 Outcome 

B-looking 1 0.128266 1.590 / 2.41 Reject 𝐻0 

F-looking 1 0.151509 1.590 / 2.41 Reject 𝐻0 

B-looking 2 1.019965 1.795 / 2.205 Reject 𝐻0 

F-lookin 2 0.867944 1.795 / 2.205 Reject 𝐻0 

B-looking 3 1.504299 1.870 / 2.13 Reject 𝐻0 

F-looking 3 1.320693 1.870 / 2.13 Reject 𝐻0 

B no gap 1.508107 1.795 / 2.205 Reject 𝐻0 

F no gap 1.289376 1.795 / 2.205 Reject 𝐻0 

B no NFA 1.294278 1.723 / 2.277 Reject 𝐻0 

F no NFA 1.274148 1.723 / 2.277 Reject 𝐻0 

No Inflation 1.311453 1.655 / 2.345 Reject 𝐻0 

No COG 1.385553 1.590 / 2.41 Reject 𝐻0 

𝐻0: No autocorrelation, positive or negative ; Cannot reject 𝐻0if 𝑑𝑈 < 𝑑 < 4 − 𝑑𝑈 

Test and critical values from Gujarati and Porter (2009) 

Test conducted at 5% significance. 

 

 


