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Introduction

The world economy suffered severe hardships lately with the pandemic followed since early 2022 by the war in Ukraine. The latter led to humanitarian crises along with considerable economic damages. It has exacerbated the inflation that started with the recovery from the pandemic. Trade disruptions and sanctions imposed on Russia to pressure it to end the invasion, contribute to further push prices to historical highs as both Russia and Ukraine are major providers of key commodities like energy, fertilizers and grains and metals 2 . These events add to the already very tough and restless situation from the pandemic. The health crisis and the recovery from it required unprecedented accommodative monetary policy and exceptional fiscal support. As a result, very little room is available for intervention. Therefore, understanding the forces than entertain the crisis is critical. In the case of the war in Ukraine, inflation is the main vehicle through which it affects the economies. It has led currently to a global stagflation. The international tightening of both monetary and fiscal policies in response to inflation add more risks to the global economic outlook especially for countries with debt already reaching high levels. Furthermore, in most cases, subsidies or tax cuts, trade restrictions and transfers to the vulnerable were the solutions deployed so far to attenuate the impact of inflation on the cost of living. Unfortunately, such measures can only be considered in the short run as they are costly, often suffer from poor targeting and can further aggravate the inflation by creating more demand. Hence, learning more about both actual and expected inflation and what drives them is a necessary step towards designing the appropriate policies in response to price shocks. Inflation expectations influence price and wage settings and also consumption, investment, borrowing and savings via real interest rates. Moreover, they can be very relevant especially when price increases are persistent. As such, when actual inflation is high, firms and workers may expect the same tendency to remain in the future at least that's how it should work for adaptive expectations' individuals. This simplistic view provided groundings to the Philips Curve and the trade-off between inflation and unemployment faced by decision makers. Indeed, in order to reduce inflation, the cost is more unemployment and output loss. Conversely, lowering unemployment would require to increase inflation. Measurements have been made of the so-called sacrifice ratio which is how much output needs to be renounced to in order to reduce inflation but led to some bad news as the estimated costs to be supported were quite high. Luckily, there is more to the story since this approach was subject to criticisms notably by [START_REF] Muth | Rational Expectations and the Theory of Price Movements[END_REF], [START_REF] Sargent | The Ends of Four Big Inflations[END_REF] and Lucas (Lucas critique, 1976) introducing rational expectations. Rational expectations suppose the optimal use of all the information available by individuals including the government policies to predict the future. Therefore, as long as the government commits and is trusted to deliver upon its commitments to say maintain low inflation, people will lower their expectations of inflation. Thus, the cost of reducing inflation is considerably lower when people are rational provided policymakers are credible. This historical reminder shows the critical role of inflation expectations for economic forecast and decision making. It also emphasizes the importance of credibility of policymakers. Now, the purpose of this paper is to investigate inflation expectations in Senegal. The focus is going to be made on the role of those expectations in the price formation. The large informal sector is part of the reason why prices may not totally reflect the market value. Dealers may use information they have on commodity prices (i.e., energy, food etc.) and government policies and announces to adjust their prices. Also, there is evidence supporting a speculative behavior from some dealers [START_REF] Diagne | La spéculation contribue-t-elle à expliquer la dynamique des prix des produits alimentaires ?[END_REF]. Ideally, survey data would be preferred to conduct the analysis. Unfortunately, such data are not available. Therefore, a state space model is proposed in this paper to estimate inflation expectations. This approach is very adapted to measuring unobservable variables which is the case for inflation expectations. This paper does not study the role of the central bank and of fiscal policy and their impact on inflation expectations. Rather it is interested in inflation expectations as an amplifying factor of actual inflation in the case of Senegal. The remainder of the paper is organized as follows: after a review of literature, section 3 presents descriptive statistics followed by the model's description, then results are interpreted at section 5 and section 6 concludes.

Literature review

The literature browses through the different approaches to estimate inflation expectations and is interested in what drives them. It also documents the role of inflation expectations on policies.

Survey and market-based measures are the most commonly used inflation expectations. Survey data collect answers to questions on inflation outcomes at different horizons. Probabilistic measures can be extracted from those surveys [START_REF] Mansky | Measuring Expectations[END_REF]. Survey data also provide qualitative and quantitative measures along with socioeconomic information. In this regard, results shared from those data show higher inflation expectations from female consumers compared to male. Data also show that inflation expectations increase with age and decrease for more educated people and for the ones with higher financial literacy and more income [START_REF] Bryan | The Demographics of Opinion Surveys[END_REF][START_REF] Bruine De Bruin | Expectations of Inflation: The Role of Demographic Variables, Expectation Formation, and Financial Literacy[END_REF][START_REF] Bruine De Bruin | Measuring consumer uncertainty about future inflation[END_REF][START_REF] Arioli | EU consumers' quantitative inflation perceptions and expectations: an evaluation[END_REF][START_REF] Diamond | The Formation of Consumer Inflation Expectations: New Evidence from Japan's Inflation Experience[END_REF][START_REF] D'acunto | Exposure to Grocery Prices and Inflation Expectations[END_REF][START_REF] Meyler | Making sense of consumers' inflation perceptions and expectations -the role of (un)certainty[END_REF]. Furthermore, evidence from Bruine de Bruin et al (2011) indicate higher uncertainty in inflation expectations for female, younger, less educated and liquidity constrained consumers. Same conclusions apply to consumers with temporary jobs, low level of income and financial literacy. Another finding from survey data is that consumers whose households have more than five members tend to have higher short and medium term inflation expectations. Consumers who have temporary employment and are liquidity constrained tend to have higher inflation expectations 12 months to three years ahead. Moreover, a low level of trust in the European Central Bank is associated with higher short and medium term inflation expectations according to [START_REF] Christelis | Trust in the Central Bank and Inflation Expectations[END_REF].

On a another note, [START_REF] Christelis | Trust in the Central Bank and Inflation Expectations[END_REF] and [START_REF] Meyler | Making sense of consumers' inflation perceptions and expectations -the role of (un)certainty[END_REF] analyze the degree of certainty of consumers with regards to their inflation expectations based on their tendency to report round numbers. Using the European consumers survey, they showed that older, male consumer and consumers with high levels of education and income are more certain about their expectations. They also provide evidence supporting a negative impact of trust in ECB on inflation expectations uncertainty.

Market-based measures on the other hand are derived from prices of financial instruments linked to future inflation including inflation linked swaps (ILSs) [START_REF] Garcia | Inflation News and Euro Area Inflation Expectations[END_REF], inflation linked bonds (ILBs) or inflation options traded by informed investor on a continuous basis. Market-based estimates account for uncertainty by including risk premia. Market participants pay indeed to hedge against inflation/deflation risks (ECB, 2021). Trading costs can provide relevant signals in times of market stress [START_REF] Christensen | Does quantitative easing affect market liquidity[END_REF], Fleckenstein et al, 2014and Haubrich and Pennachi, 2012). Survey and market-based measures are very close when adjusted for risk premia [START_REF] Ecb | Inflation expectations and their role in Eurosystem forecasting[END_REF]. Inflation risk premia are very useful for policy analysis as they reflect investors 'perceived uncertainty (See Camba-Mendez and Werner, 2017 for modeling of inflation linked swaps). However, survey and market-based data are complementary and both provide meaningful information for policymakers [START_REF] Speck | Break-even inflation rates for the euro area[END_REF][START_REF] Ecb | Inflation expectations and their role in Eurosystem forecasting[END_REF]. It is probably why the two types of measures have been combined to build synthetic indicators across shorter and longer horizons (Federal Reserve, Ahm and[START_REF] Ahn | Index of Common Inflation Expectations[END_REF]Bank of Japan, Nishino et al, 2016). Synthetic indicators are very convenient for communication purposes but their construction in practice can be very challenging and subject to uncertainties that can compromise their original purpose [START_REF] Ecb | Inflation expectations and their role in Eurosystem forecasting[END_REF] When it comes to the drivers of inflation expectations, multiple factors are found depending on the time horizon and the types of agents. The time horizon refers to the speed at which the impact of shocks fades out. It is quite a challenging task to determine the period elapse defining a time horizon especially when shocks are persistent. De Vincent Humphreys (2009) indeed notices that interviewees of surveys of professional forecasters consider the impact of certain shocks to exceed the five years covered by the survey. Short term expectations are usually driven by shocks that affect inflation movements in the business cycle while long term expectations depend on the credibility of the central bank in pursuing its inflation target. The latter supposes that economic agents are rational. In that case, as long as the central bank is credible in meeting its commitments towards maintaining price stability and the economic agents understand the commitment, they would lower their inflation expectations [START_REF] Muth | Rational Expectations and the Theory of Price Movements[END_REF][START_REF] Sargent | The Ends of Four Big Inflations[END_REF][START_REF] Lucas | Econometric policy evaluation: A critique[END_REF], Andrade et al, 2016[START_REF] Coibion | The Formation of Expectations, Inflation, and the Phillips Curve[END_REF][START_REF] Andreolli | The fiscal consequences of missing an inflation target[END_REF].

Rational expectations suppose that agents use all the information available including government policies to form their expectations. Evidence show that central banks forecasts communications have an impact on inflation expectations [START_REF] Romer | Federal Reserve Information and the Behavior of Interest Rates[END_REF], Fujiwara, 2005[START_REF] Hubert | Do Central Bank Forecasts Influence Private Agents? Forecasting Performance versus Signals[END_REF][START_REF] Hattori | The effects of a central bank's inflation forecasts on private sector forecasts: Recent evidence from Japan[END_REF], Lyziak and Paloviita, 2018,). Other determinants include oil prices shocks, house prices etc. [START_REF] Ecb | Inflation expectations and their role in Eurosystem forecasting[END_REF]. Oil prices shocks fall into the short term shocks category. Their correlation with inflation expectations fades as time horizon lengthens confirming that the impact of isolated oil shocks on inflation tends to be transitory.

The fading correlation is more pronounced for survey compared to market-based measures probably due to risk premia (ECB, 2021). [START_REF] Döhring | What drives inflation perceptions? A dynamic panel data analysis[END_REF] provide evidence for the euro area supporting that residential real estate prices contribute significantly to consumers' inflation perception.

Descriptive Statistics

Survey data on inflation expectations are not yet available for Senegal. Instead, the Department of Forecasting and Economic Studies collects quarterly data on households 'perception of the cost of living, the economic situation, their confidence and their savings and purchase ability.

The following graph displays the latest results of the household confidence index. It shows a significant degradation of the index since the first quarter of 2022. The war in Ukraine is probably responsible for this steep drop. Furthermore, the perception survey reveals that most of the households interviewed reported an increase in their food (95.9% of total households) and transportation (53.5%) expenditures and 71% of them noticed a raise in their electricity bill in the third quarter of 2022. Households are also pessimistic of their savings and purchase ability. However, concerns about unemployment backed down a little. The oil price series exhibits more volatility (confirmed in table) than consumer prices but both variables follow roughly the same pattern on the entire sample period though the Government responded by granting subsidies on energy prices to contain domestic inflation. This reflects somehow the high reliance of Senegal on energy imports. Energy products accounted for 39.3% of total volume imports in 2022. Hence, oil prices hikes should translate in pushes on the consumer price index. A series of geopolitical events, crises and other shocks explain the very unstable oil curve. The Asian financial crisis in the late 90's marked a price collapse. That period was followed by a rebound of global industrial activity and unmatched demand/supply due to oil supply cuts while demand remain strong. Then a series of geopolitical events namely Venezuelan crisis and Iraq war along with very high demands from china and India against a stagnated oil supply pushed prices sharply (above $100) while subsidies and tax cuts contributed to attenuate the increase in domestic consumer prices. Later, the global financial crisis in the second half of 2008 led to a significant drop in prices followed by another increase triggered by the Arab spring (2010)(2011). A short episode of strong fall in prices was observed between late 2014 and 2015 due to an excess supply capacity while demand remained stagnant.

Then, oil prices began to pick up again led by the decision of Saudi Arabia, Venezuela and Russia to freeze production and uncertainties on oil availability until the pandemic made prices plunge to below $20. Finally, the recent situation (prices rising above $100 again) which is a result of the recovery from the health crisis and the war in Ukraine which disrupted trade and led to sanctions imposed on Russia to pressure it to end the invasion. Domestic consumer prices were obviously affected but again the impact was attenuated by subsidies and tax cuts.

Like oil prices, food prices are very volatile notably from 2008. Another interesting remark is the strong correlation between oil and food prices (see figure 2). Both series present nearly the same trend throughout the sample period. Three major price spikes intervened between 2007 and 2022. The food crisis of 2007-08 saw a sharp rise in both food and oil prices with damaging consequences in terms of poverty, food insecurity and hunger in the world. Then another episode of significant price increase is observed between 2010 and 2011. Finally, the inflation in the recent period was driven by the unprecedented monetary fiscal policies in response to the health crisis further accentuated by trade disruptions affecting notably energy, food, and fertilizers as a result of the war in Ukraine since both countries are major players in terms of supply of those products. Oil and food prices move closely together mostly because energy is needed to produce, transform and transport food and inputs. In other words, high energy prices will impact the production costs which will in turn affect prices of final goods. Other factors added more pressure on food prices. For example, during the oil and food crisis of 2008, the US Government actively promoted biofuel by subsidizing farmers to grow crops for energy.

More sources of food inflation include the growth of the world population and economic expansion of some developing countries which positively impacted their consumers purchasing power leading to an increasing demand for food. Climate change and conditions notably severe droughts largely contribute to bad agricultural performances, which affect prices. Furthermore, food is the second most heavily imported good in Senegal after energy. It accounts for 27.9%

of the total volume imports in 2022. Hence a large impact is to be expected on local prices of the current food inflation. Indeed a 12.1% increase of local food prices was noted in the seven first month of 2022, which accounted for most of the 7.5% domestic inflation. The Government reacted by granting subsidies and tax cuts and transfers to the poor to attenuate the impact on the vulnerable which avoided a soaring of local prices. However, inflation in Senegal is low most of the time. In fact, it is a common characteristic of countries members of West African Economic and Monetary union (WAEMU). Those countries are committed to maintain inflation below 3% under the Convergence criteria scheme.

The Central Bank of West African State also has been successfully holding its inflation target (below 3%) and for quite some time. The fix parity of FCFA with euro is another advantage as it contributes to reduce risks related to imported inflation since the European Union is a major trade partner for the area. Shocks are not persistent as data show in figure 3. The years when inflation is above 3% coincide with the years of shocks (oil and food crises 2007-2008, recovery from pandemic and war in Ukraine 2021-2022). The year following the shock, inflation returns to low levels. This is consistent with the finding that the impact of oil shocks is transitory [START_REF] Ecb | Inflation expectations and their role in Eurosystem forecasting[END_REF].

The data analysis performed on inflation in Senegal shows that food and oil prices should be considered serious candidates for drivers of inflation expectations. 

The model

The approach adopted in this study is inspired by the State Space Model of [START_REF] Hamilton | A standard error for the estimated state vector of a state-space model[END_REF], [START_REF] Durbin | Time Series Analysis by State Space Methods (2nd edn)[END_REF], [START_REF] Shummay | Time Series Analysis and Its Applications with R Examples[END_REF] and [START_REF] Mehrotra | Decaying Expectations: What Inflation Forecasts Tell Us about the Anchoring of Inflation Expectations[END_REF] adapted to the context of Senegal. This approach seems more appropriate given the unavailability of survey data on inflation expectations. Expected inflation can thus be generated Π 𝑡 is the monthly inflation rate; Π 𝑡 𝑒 is a vector of unobserved current and lag inflation expectations; 𝑋 𝑡 is a vector of relevant determinants of inflation expectations, A, B, F and D are vectors of parameters to be estimated; 𝑢 𝑡 is the prediction error; 𝑣 𝑡 is an i.i.d. error term. 𝑋 𝑡 is a vector of all the information available to agents to form their expectations. Parameters contained in this vector could include budgetary and monetary variables, but also the international prices of raw materials such as rice, sugar or even oil prices, current and delayed.

However, in the context of this study, only international prices will be considered, thus avoiding the overly strong assumption of perfect assimilation of monetary and fiscal policy by agents.

Applying the Kalman filter to this model will allow to test the hypothesis of rational inflation expectations and to assess the relevance of the variables introduced to describe the process of expectations formation.

The test of the rational expectation hypothesis consists in verifying the following two properties:

1. The average of prediction errors is null. This property is straightforwardly demonstrated. Indeed, starting with the prediction error: 𝑐𝑜𝑣(𝑢 𝑡 , 𝑢 𝑡-1 ) = 0

𝑢 𝑡 = Π 𝑡 -

Results

Applying the Kalman filter to the State space model previously presented will allow to estimate parameters and generate the unobservable variable namely inflation expectations. In the context of this study, the variables that have been chosen to represent the information available to agents to anticipate inflation are brent oil prices, and food prices current and one period lag. Those variables were chosen based on the importance of food and energy in the consumption of agents and their share in the harmonized consumer price index. The latest households living conditions survey revealed that more than 40% of households total expenditures are dedicated to food consumption while energy consumption is much lower and accounts for roughly 5% of their budget. However, firms are very large energy consumers.

The lag expected inflation was also introduced to capture the expectation error of the past period. Indeed, the introduction of this variable is consistent with the rational agents hypothesis. Monthly data are used and the sample period considered is 1995-2022. Results are displayed in the following table: All the variables considered as determinants significantly influence inflation expectations.

Hence, in Senegal oil and food prices are very relevant factors explaining how households and firms form their expectations consistent with previous results. A 1% increase in oil price would yield a 2.7% of inflation expectations while a 1% increase of lagged oil prices would lower expectations by 2.7%. However, lagged food prices trigger an increase of inflation expectations while current food prices negatively influence inflation expectations. The prediction error is represented in the following graph: The mean predicted error is close to zero confirming the rational expectations hypothesis. The crises have an amplifying effect on expected inflation that could be transmitted to local prices.

In such case, the impact can be further accentuated by second round effects with a risk of a wage-price spiral.

Similar results are obtained using the FAO cereals prices index instead of food prices (see table 2). Cereals is indeed a very important food component for Senegal. They account for almost 11% of total food imports and for a large part of households' expenditures. The reaction to food and oil prices probably reflects the relatively higher volatility of oil prices.

Therefore, current oil prices would trigger an increase of inflation expectations while for food prices, the lagged information positively impacts inflation expectations. Economic agents adopt an adaptive behavior when it comes to taking into account food prices to form their inflation expectations. Hence, final prices may be more affected by food prices movements. Inflation expectations may not have serious consequences as long as the central bank is credible and agents are rational. However, in the context of a country like Senegal with 95% informality according to the firm population survey, rational expectation could lead to risks of price adjustments to account for expectations and therefore deviate significantly from costs.

Interestingly, the results once again flag food prices that intervene adaptively in the inflation expectations process and for which a speculative behavior were proved empirically in a previous study with some dealers holding inventories to push future prices up [START_REF] Diagne | La spéculation contribue-t-elle à expliquer la dynamique des prix des produits alimentaires ?[END_REF].

Concluding remarks

The inflation started with the unprecedented monetary and fiscal support to recover from the pandemic and accentuated by the war in Ukraine and the trade disruptions it causes, raised major concern especially with regards to the severe humanitarian and economic consequences.

The situation is further threatening food security worldwide with severe impacts on poverty and hunger while climate change is still a serious risk to address and has already been responsible for considerable damages. More pronounced hardship is to be expected in the developing world.

This paper took a close look at inflation expectation in Senegal and was interested in the risks associated with rational expectations on actual inflation. Senegal does not hold survey data on inflation expectations. However, households' perception survey provides valuable information including how households see the costs of living, and their savings ability. Furthermore, descriptive statistics show that food and oil account for a large part in consumption and imports in Senegal. Data analysis also led to the observation that the impact of oil and food prices shocks have transitory impacts. Therefore, those products were introduced in a state space model to be tested as relevant determinants of inflation expectations. The results confirm that households and firms form their inflation expectations rationally. Oil and food prices also qualify as relevant determinants of inflation expectations. Food prices intervene in inflation expectations in an adaptive way. In a country like Senegal with a large informality within the economy, the paper warns on the risks of price adjustment to account for expectations which could significantly distort price fixation. The paper recommend therefore that prices should be watched and controlled on sites. Also, production needs to be reenforced and diversified to reduce the strong reliance on imports. Luckily, Senegal is about to become an oil producing which is a great opportunity to considerably reduce the energy imports bill and prices.
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  using the Kalman filter. The proposed State Space representation comprises two equations. The first corresponds to a modified version of the Muth and Theil relationship to test the rationality hypothesis and it represents the observation equation. The second describes the process of expectations formation and corresponds to the state equation. The model is specified according to the following system: Π 𝑡 = 𝐴Π 𝑡 𝑒 + 𝐵𝑋 𝑡 + 𝑢 𝑡 Observation equation Π 𝑡+1 𝑒 = 𝐹Π 𝑡 𝑒 + 𝐷𝑋 𝑡 + 𝑣 𝑡 State equation
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  Figure 5 Prediction error

  Sources : FAO, National Agency for Statistics of Senegal and INSEE, 2023 and author's estimates Note : FAO food index consists of the average of 5 commodity group price indices i.e. meat, dairy, cereals, vegetable oils and sugar weighed with the average export shares of the groups for 2014-2016
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Table 1 :

 1 State

	space estimates	
	Variable	Coefficient
	𝑝𝑏𝑟𝑒𝑛𝑡	2.7***
	𝑝𝑏𝑟𝑒𝑛𝑡(-1)	-2.7***
	𝑝𝑓𝑜𝑜𝑑	-1.4***
	𝑝𝑓𝑜𝑜𝑑(-1)	1.4***
	Π 𝑒 (-1)	-0.27***
	Note: ***,**,* denote significance of coefficients at respectively 1, 5 and 10%

Table 2 :

 2 State space estimates (model with cereals price index)

	Variable

See the Commodity markets outlook report (World Bank, April 2022) for details on prices' movements in the first quarter of 2022.