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Optimal Monetary Policy in the Presence of Food Price Subsidies
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Food price subsidies are a prevalent means by which fiscal authorities may counteract food price volatility in middle-income countries (MIC). We develop a DSGE model for a MIC that captures this key channel of a policy induced price smoothing mechanism that is different to, yet in parallel with, the classic Calvo price stickiness approach, which can have consequential effects for monetary policy. We then use the model to address how the joint fiscal and monetary policy responds to an increase in inflation driven by a food price shock can affect welfare. We show that, in the presence of credit constrained households and households with a significant share of food expenditures, a coordinated reaction of fiscal and monetary policies via subsidized price targeting can improve aggregate welfare. Subsidies smooth prices and consumption, especially for credit constrained households, which can consequently result in an interest rate reaction less intensely with subsidized price targeting compared with headline price targeting.

Introduction

Dramatic surges in international food commodity prices relative to the last couple decades, widely acknowledged as a global food price crisis, have posed major challenges for policy makers. The impact has been more pronounced in middle-income countries (MIC), considering food consumption represents a large share of household expenditures, renewing interest in how central banks react to food price shocks.

In response to the rising food prices, many governments had significant budget outlays to support food price subsidies to curb household inflation. Many countries had existing subsidy programs in place before the onset of the food price shocks to the extent that they are an entrenched social contract.

Only recently, there are a handful of papers to address the challenges that central banks face whether to target headline or core inflation based on a high share of food expenditures and financially constrained households in emerging markets [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF], [START_REF] Catão | World Food Prices and Monetary Policy[END_REF] and [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF]). Our research, focusing on MICs, adds an additional channel by incorporating the effects of price subsidies to cushion global food price shocks.

Our research investigates whether a central bank should react to core or headline inflation and furthermore does the degree of fiscal intervention affect this decision for a MIC with a presence of financial constrained households? This paper aspires to capture the main elements to analyzing policy makers' intentions when faced with exogenous food price shocks. We address the fiscal challenges and macroeconomic implications of a representative MIC to isolate the effects of exogenous food price shocks using a multi-sector New Keynesian DSGE model in a small open economy setting.

To our knowledge, there are a couple novelties in our paper. Firstly, we provide empirical evidence regarding food price subsidy characteristics (institutions, geography, income, expenditures). Based on the empirical findings, this is the first paper in the DSGE literature to address the impacts of subsidies relating to household optimization. 2 In doing so, we can capture the effects of distorted prices from the demand side in a general equilibrium model. We also add, unlike any of the papers incorporating a food sector, capital as an input technology for the non-food sector. Our three main results can be summarized as follows: ▪ In the presence of financial frictions and fiscal intervention, monetary policy reaction to food price shocks (subsidized headline inflation targeting) achieves the highest welfare; ▪ Optimal policy is defined with respect to the population set. We find large welfare distributional effects: Ricardians (non-Ricardians) are better off with a low (high) degree of fiscal intervention and the best monetary policy regime is to target core (headline) inflation; and ▪ There are welfare gains from fiscal and monetary policy coordination. If, on the one hand, monetary policy reacts to a food price shock, it helps stabilize production and therefore reduces the financing cost of food subsidies. On the other hand, when fiscal policy reacts to the food price shock it helps in stabilizing food demand and therefore avoid second round effects.

The remainder of the paper is organized as follows. Section 2 motivates the importance of food subsidies as stylized fact and review of the literature. Section 3 describes the model. In Section 4 the model experiments are presented. Section 5 introduces welfare results and robustness checks, while Section 6 concludes the paper.

Empirical Findings and Literature Review

We examine the relevant features of a representative MIC which allow us to understand the macroeconomic channels faced by policy makers. There have been two recent inflationary episodes attributed to food price shocks occurring in 2007 and 2011. Since the turn of the century to 2015, food prices have soared 83% (152%) in real (nominal) terms according to the Food and Agriculture Organization (FAO). [START_REF] Dawe | How Much Have Domestic Food Prices Increased in the New Era of Higher Food Prices[END_REF] find that while domestic prices have generally followed in lock-step of world food price changes, they find the former tends to increase less as intensely as the latter which may depend on country-and commodity-specific factors (e.g., policies, exchange rates, infrastructure).

To cushion the effects of global food price shocks, the IMF [2008b] documents that twentyeight countries significantly increased food subsidies to offset rising food prices with a median change of 0.2% of GDP, and circa 20% of those countries ended up spending in excess of 1% of GDP.3 

Empirical Findings

We develop a novel dataset to gain further insight on countries where food prices are controlled by a policy decision via food subsidies. Food price subsidies produce a gap between the actual selling price and a benchmark price (see e.g. [START_REF] Sdralevich | Subsidy Reform in the Middle East and North Africa[END_REF], [START_REF] Koplow | Measuring Energy Subsidies Using the Price-Gap Approach: What Does It Leave Out?[END_REF] and [START_REF] Clements | Energy Subsidy Reform: Lessons and Implications[END_REF]). Therefore, if such a gap exists, food prices may be considered "policy driven". We rely on publications by the FAO, IMF and World Bank 4 to identify countries with food price subsidies.

We find that out of the more than 165 countries in the world, food prices are controlled in 85 countries. We then investigated central banks. Among countries with food subsidies we find 31 central banks communicate an inflation target, which we ascribe an inflation targeting regime (see e.g. [START_REF] Hammond | State of the art of inflation targeting[END_REF] for a definition) or simply an inflation objective as a point target rate or a range target. If such an objective has been communicated, we considered the central bank to have an objective of price stability 5 .

To further understand the main attributes of countries with food price control policies, we grouped our data in three categories: general, food and agriculture. We then performed a Wilcoxon rank-sum test (also known as the Mann-Whitney two-sample statistic); two equality of median tests (Pearson chi-squared test and Fisher's test); and a two-sample Kolmogorov -Smirnov distribution test to identify variables were countries with food price control differ from countries with free food price. The empirical results are provided in the Appendix (Table 9) and summarized below.

General: we explore income features and institutional performance as it relates to food controls. Our empirical findings suggest that:

▪ food price control policies are popular in MICs, or similarly, in countries where the share of households living under poverty line is high: the average GINI per capita (Atlas method) is $5,045 while the median is $3,7706 (GDP per Capita and Poverty, represented on Figure 1, have similar distributions); ▪ institutional performances are generally assumed to be correlated with income, i.e. one would perhaps expect food subsidies to take place in a low institutional context. Interestingly, we find no evidence that institutional quality in countries with food price controls are different from that of countries with free food prices; and ▪ households in countries with food price controls are characterized by weak, if any, access to financial services.

Agriculture: food price subsidies may be considered a solution to cope with high agriculture prices caused by a low supply with regards to consumption needs. We find that:

▪ countries where food prices are controlled generally have lower agricultural capacities than countries with free food prices, particularly in terms of yield per hectare or fertilizer consumption;

▪ agriculture production has increased faster over the last decade in countries with food subsidies; and ▪ food price controls are present in countries with a large share of the economy dedicated to agriculture, in terms of employment or value added, both of which were expected as food price control are a widespread practice in MICs.

Food: we find that food subsidies may be considered to counteracting high or volatile food prices:

▪ food subsidies are on average associated with a large share of consumer spending on food, our sample average being 41.5% (see Table 2); ▪ there is no evidence that food supply is less stable in countries with food subsidies and we obtained mixed results about food availability. Similarly, undernourishment is not statistically higher in countries with food subsidies; ▪ food access, as measured by the FAO (food security indicators) with infrastructures measurements, is statistically lower in countries where food prices are controlled. This may be interpreted as a limitation to market functioning, justifying other price setting mechanisms; and ▪ we find no statistical evidence that countries with food subsidies are on average larger net food importer than other countries.

Insert About Here

Figure 1: Food Policy -GDP per Capita and Poverty.

Food subsidies

Food subsidies may take the form of either universal or targeted subsidies. By reducing the food price a household would pay relative to the non-subsidized food price, mandated government subsidies are designed to achieve several social, economic and political goals. For example, [START_REF] Kramer | Targeting Food Subsidies[END_REF] cites several objectives, to ensure adequate nutrition, food consumption and food security for its citizens as well to transfer income to the poor (p. 2). Food subsidies usually target certain population groups and comprise specific food items.

For governments, food subsidies may be a matter of survival. [START_REF] Arezki | Food Prices and Political Instability[END_REF] have shown that "during times of international food price increases political institutions in Low Income Countries significantly deteriorated" (p. 11). Food price hikes create hunger which calls for political action. [START_REF] Barrett | Why Food Price Volatility Doesn't Matter: Policymakers Should Focus on Bringing Costs Down[END_REF] point out that food price spikes (as opposed to prices volatility) are correlated to civil unrest. Governments must be "seen to be doing something" [START_REF] Poulton | State Intervention for Food Price Stabilisation in Africa: Can It Work?[END_REF]). Lastly, [START_REF] Gouel | Food Price Volatility and Domestic Stabilization Policies in Developing Countries[END_REF] discusses in a literature review that government stabilization policies may be considered as a second-best intervention in an absence of insurance and futures markets.

Fiscal intervention via subsidies is not without shortcomings. There is an existing body of research, while ad hoc, to suggest intended subsidies do not always reach its intended beneficiary (commonly known as targeting leakage) and can be associated with excess costs.7 Food subsidies are usually targeted to cost effectively transfer benefits to vulnerable members of society and reduce or stabilize fiscal outlays for supporting subsidies [START_REF] Kramer | Targeting Food Subsidies[END_REF]). Subsidy programs typically are associated with administrative costs e.g. collecting information on households thereby reducing the subsidy benefit to the household [START_REF] Coady | Targeting of Transfers in Developing Countries: Review of Lessons and Experience[END_REF]). The purpose of surveying households is to improve targeting performance. According to [START_REF] Coady | Targeting of Transfers in Developing Countries: Review of Lessons and Experience[END_REF], "scarce government resources have encouraged efforts to concentrate resources on 'target groups' of poor households or individuals" (p. 1). Targeting leakage is an outcome of an inclusion error, whereby those that are not intended to receive a subsidy enjoy some of the direct benefits. This can be problematic considering the scarcity of fiscal resources.

Monetary Policy

While many central banks have pursued inflation targeting policies, it has been less clearcut as to whether central banks should target core or headline inflation. The recent food inflationary episodes have provoked reconsideration whether inflation indexation should be anchored on core or headline prices. Wynne [1999] argues that core inflation is an appropriate measure of inflation since volatile components (e.g., energy and food) may be non-monetary in nature. Walsh [2011] finds that food inflation in many developing economies is higher than non-food inflation even in the long-run, thus excluding food inflation from policy target can lead to a biased perception of the underlying dynamic.

In a seminal paper for the theoretical analysis of relative price shocks, Aoki [2001] shows targeting core inflation is optimal by means of achieving headline price stability, since fullyflexible prices are posited as mean-reverting. [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF] develop a New Keynesian closed economy DSGE model aimed at understanding optimal monetary policy when faced by increases in food prices relating to a productivity shock. The authors argue that targeting core inflation is no longer welfare maximizing in the presence of incomplete markets characterized with credit-constrained consumers.

As financial limitations are a key feature of MICs, we follow [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF] by assuming population is divided between Ricardian and non-Ricardian types. [START_REF] Catão | World Food Prices and Monetary Policy[END_REF] develop a DSGE model including a food sector in a small open economy setting facing an exogenous price shock. They show that targeting headline inflation can be welfare improving with volatile food price shocks. While they assumed food price shocks are explained by the world price, they model an economy that does not produce food goods. [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF] develop a small, open economy with tradable and non-tradable food and non-food composite goods. They find that while non-tradable food consumption is negligible in developed economies, it is not the case in developing countries where the share of food consumption is higher. Thus, the authors argue, central banks in developing countries should target headline inflation. We follow [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF] such that we assume that world food price shocks are transferred to the domestic economy through domestic food production, which is confirmed in empirical papers such as [START_REF] Holtemöller | Global Food Prices and Monetary Policy in an Emerging Market Economy: The Case of India[END_REF] and [START_REF] Bekkers | Local Food Prices and International Price Transmission[END_REF]). We extend [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF] model by considering a fraction of the population is credit constrained as in [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF]. None of the above papers consider price subsidies. Ben Aissa and Rebei [2012] investigate the impact of a price subsidy for monetary policy in a closed New Keynesian economy model. They conclude that inflation targeting may not be the optimal policy. Their model is not specific to food goods (which have a low elasticity of substitution) and they consider a producer subsidy while we focus on fiscal policy aimed at stabilizing consumer food prices.

The model incorporates a two agent New Keynesian (TANK) model, which draws on the work of Gali et al. [2004], as opposed to a representative agent New Keynesian (RANK)8 model as coined by [START_REF] Kaplan | Monetary Policy According to HANK[END_REF]. There is a continuum of households of measure unity. A share 1 -𝜆 represent the neo-classical Ricardian household (𝔯), who is able to smooth consumption via trading in asset (i.e., capital, bond) markets. The rest of the households 𝜆 are labeled non-Ricardian (𝔫), who do not have access to trade in asset markets. To simplify notation for the household, let 𝑖 ∈ (𝔯, 𝔫). The Ricardian household works in the manufacturing (sticky price) sector. Following [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF], non-Ricardian type is credit constrained and works in the food (flexible price) sector. We augment the model to include an open food sector following [START_REF] Catão | World Food Prices and Monetary Policy[END_REF] and [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF]. Labor is assumed to be immobile between food and non-food sectors, however food labor is mobile between tradable and non-tradable food. Our treatment by household and production type can be rationalized since the agricultural sector is associated with rural regions, where a sizable proportion of income is directly or indirectly linked with agriculture. According to the U.N., "[t]hree quarters of the world's poor live in rural areas of developing countries and depend mainly on agriculture and related activities for their livelihood" (U.N. [2003]).

Households

Household member i is assumed to have the same consumption preferences for both food (𝐶 𝑖,𝑡 𝐹 ) and manufacturing (𝐶 𝑖,𝑡 𝑀 ) goods, combined in a CES basket:

𝐶 𝑖,𝑡 = [𝜑 1 𝜃 (𝐶 𝑖,𝑡 𝐹 ) 𝜃-1 𝜃 + (1 -𝜑) 1 𝜃 (𝐶 𝑖,𝑡 𝑀 ) 𝜃-1 𝜃 ] 𝜃 𝜃-1 (1)
where 𝜑 denotes the share of food consumption and 𝜃 represents the intertemporal elasticity of substitution between food and manufacturing goods. The CES basket implies the following consumption price index (CPI) per unit of consumption: 

𝑃 𝑡 = [𝜑(𝑃 𝑡 𝐹 ) 1-𝜃 + (1 -𝜑)(𝑃 𝑡 𝑀 ) 1-𝜃 ] 1 1-𝜃 (2)
𝑃 ⃑ 𝑖,𝑡 = [𝜑(𝑃 ⃑ 𝑖,𝑡 𝐹 ) 1-𝜃 + (1 -𝜑) (𝑃 𝑡 𝑀 ) 1-𝜃 ] 1 1-𝜃 (4)
Each household 𝑖 has perfect foresight on the underlying price changes they face at the time they occur, thus chooses the consumption bundle that minimizes expenditure. The first order conditions for food and non-food are summarized: 

𝐶 𝑖,𝑡 𝑀 = (1 -𝜑) ( 𝑃 𝑖

Ricardian Household

Ricardian households represent optimizing agents, both inter-temporally and intra-temporally. Ricardian households supply labor to the manufacturing sector, consume and take investment portfolio decisions. These households derive utility from consumption (C 𝔯,t ) and labor effort (𝑁 𝔯,𝑡 ).

𝑈 𝔯,𝑡 = 𝔼 𝑡 {∑ 𝛽 𝑡 ∞ 𝑡=0 ( 1 1 -𝜌 C 𝔯,t 1-𝜌 -𝜓 (𝑁 𝔯,t ) 1+χ 1 + χ )} (6)
where 𝛽 𝑡 represents the subjective discount factor (0< 𝛽 𝑡 < 1); χ is the intra-temporal elasticity of substitution of labor supply (𝜒 > 0); and 𝜓 denotes the disutility of labor supply (𝜓 > 0).

Physical and financial assets are solely owned by the Ricardian household. Financial assets include domestic (B 𝔯,t ) and foreign (B 𝔯,t ⋆ ) bond holdings, which pays a return of (1 + i t-1 ) and 𝑒 t (1 + i t-1 ⋆ ), respectively. Consumption, wages, capital rents and profits are endogenously taxed at a time-varying rate 𝜏 𝑡 . As in [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF], we allow for two types of wages: W 𝔫,𝑡 and W 𝔯,𝑡 for food and manufacturing wages, respectively. Labor is not mobile; only Ricardians are associated with the manufacturing sector while non-Ricardians relate to the food sector.

The representative Ricardian agent faces the following intertemporal budget constraint:

(1 + 𝜏 𝑡 )𝐶 𝔯,𝑡 + 𝐼 𝑡 + 𝐵 𝔯,𝑡 𝑃 ⃑ 𝔯,𝑡 + 𝑒 𝑡 𝐵 𝔯,𝑡 ⋆ 𝑃 ⃑ 𝔯,𝑡 = (1 + 𝑖 𝑡-1 )𝐵 𝔯,𝑡-1 𝑃 ⃑ 𝔯,𝑡 + 𝑒 𝑡 (1 + 𝑖 𝑡-1 ⋆ )𝛩(ℬ 𝑡 )𝐵 𝔯,𝑡-1 ⋆ 𝑃 ⃑ 𝔯,𝑡 + (1 -𝜏 𝑡 )𝑊 𝔯,𝑡 𝑁 𝔯,𝑡 𝑃 ⃑ 𝔯,𝑡 + ((1 -𝜏 𝑡 )𝑟 𝑡 𝑢 𝑡 + 𝛿𝜏 𝑡 -𝑎[𝑢 𝑡 ])𝑘 𝑡-1 + (1 -𝜏 𝑡 )Π 𝑡 (7) 
where Θ(ℬ 𝑡 ) is a country risk premium; u t is capital utilization with a physical cost of capital a[u t ]; and profit is denoted Π 𝑡 . The manufacturing sector is capital intensive where the capital stock includes capital and investment is denoted by 𝑘 𝑡 and 𝐼 𝑡 , respectively. Capital is subject to a depreciation rate (δ). Note that δτ t is a depreciation allowance rebated back from capital income taxes (see [START_REF] Stähler | FIMOD -A DSGE Model for Fiscal Policy Simulations[END_REF]). We follow [START_REF] Christiano | Nominal Rigidities and the Dynamic Effects of a Shock to Monetary Policy[END_REF] in modeling investment adjustment costs and capital utilization costs. The capital stock constraint evolves as follows:

𝑘 𝑡 = (1 -𝛿)𝑘 𝑡-1 + [1 -𝛹 ( 𝐼 𝑡 𝐼 𝑡-1 )] 𝐼 𝑡 (8) 
where δ ∈ (0,1) and investment adjustment costs are denoted by Ψ(I t /I t-1 ). Similarly, variable capital utilization cost is:

𝑎[𝑢 𝑡 ] = 𝜖 1 (𝑢 𝑡 -1) + 𝜖 2 2 (𝑢 𝑡 -1) 2 (9) 
The representative Ricardian household maximizes utility as in equation ( 6) subject to its resource constraint (7) and capital constraint (10) with respect to C 𝔯,t , B 𝔯,t , B 𝔯,t ⋆ , k t , I t , u t and N 𝔯,𝑡 .

The term Θ(ℬ 𝑡 ) is a country risk premium that depends on the net asset liquid position.

We follow Schmidt-Grohé and Uribe [2003] and assume the interest rate is a function of the world interest rate (𝑖 𝑡 𝑤 ) with a country risk premium Θ(ℬ 𝑡 ), where the latter depends on the net foreign asset position: Θ(ℬ 𝑡 ) = 𝑒 -𝜁(𝑒 𝑡 B 𝔯,t ⋆ /𝑃 ⃑ 𝑡 ) where 𝜁>0 . The parameter 𝜁 is scalar denoting a country risk premium elasticity on the net foreign asset position.

Non-Ricardian Household

The non-Ricardian household thus has the following utility function:

𝑈 𝔫,𝑡 = 1 1 -𝜌 𝐶 𝔫,𝑡 1-𝜌 -𝜓 (𝑁 𝔫,𝑡 ) 1+𝜒 1 + 𝜒 (10) 
The budget constraint for this representative non-Ricardian agent evolves where these agents only consume their current income as follows:

(

1 + 𝜏 𝑡 )𝐶 𝔫,𝑡 = (1 -𝜏 𝑡 ) 𝑊 𝔫,𝑡 𝑃 ⃑ 𝔫,𝑡 𝑁 𝔫,𝑡 (11) 

Firms

There are two types of production firms in the domestic economy: a food sector and manufacturing sector. The firm production in the manufacturing sector is based on labor and capital, whereas the food sector is solely based on labor technology.

Food Firms

Food firms (𝑌 𝑡 𝐹 ) allocate labor resources from the non-Ricardian household (𝑁 𝔫,𝑡 ) using a constant return to scale technology: 𝑌 𝑡 𝐹 = 𝐴 𝑡 𝐹 𝑁 𝔫,t , where 𝐴 𝑡 𝐹 represents productivity which follows an AR(1) stochastic process.

𝑌 𝑡 𝐹 = 𝐴 𝑡 𝐹 𝑁 𝔫,t (12) 

Non-Food Firms

The non-tradable manufacturing technology is based on capital and labor.

𝑌 𝑡 𝑀 = 𝐴 𝑡 𝑀 (𝑢 𝑡 𝑘 𝑡-1 ) 𝛼 (𝑁 𝔯,𝑡 ) 1-𝛼 (13) 
where 0 < 𝛼 < 1 is the share of capital. 𝐴 𝑡 𝑀 represents food sector productivity that follows an AR(1) stochastic process. Manufacturing labor is supplied by the Ricardian household. The manufacturing sector solves pricing via a two-stage process. The first stage consists of minimizing cost based on perfectly competitive factor markets which is generalized as follows:

min 𝑁 𝔯,𝑡 ,𝑘 ̂𝑡-1 𝑊 𝔯,𝑡 𝑁 𝔯,𝑡 + r t 𝑘 ̂𝑡-1 + 𝑚𝑐 t [𝑌 𝑡 𝑀 -𝐴 𝑡 𝑀 (𝑘 ̂𝑡-1 ) 𝛼 (𝑁 𝔯,𝑡 ) 1-𝛼 ] (14) 
Note that we have made a change of variable for capital to simplify notation: u t k t-1 = 𝑘 ̂𝑡-1 . Cost minimization yields the following marginal products for the optimal choice of labor and capital:

𝑁 𝔯,𝑡 = (1 -𝛼) ⋅ 𝑚𝑐 t 𝑌 𝑡 𝑀 𝑊 𝔯,𝑡 (15) 
𝑘 ̂𝑡-1 = 𝛼 ⋅ 𝑚𝑐 t 𝑌 𝑡 𝑀 r 𝑡 (16) 
Where 𝑚𝑐 𝑡 𝑀 represents marginal costs for the manufacturing sector producer. The previous two equations yield the relative factor demands and nominal marginal cost function:

𝑘 ̂𝑡-1 𝑁 𝔯,𝑡 = 𝛼 (1 -𝛼) 𝑊 𝔯,𝑡 𝑟 𝑡 (17) 𝑚𝑐 𝑡 = 1 (1 -𝛼) 1-𝛼 1 𝛼 𝛼 (𝑊 𝔯,𝑡 ) 1-𝛼 (𝑟 𝑡 ) 𝛼 𝐴 𝑡 𝑀 (18) 
In the second stage, we incorporate stickiness a la [START_REF] Calvo | Staggered Prices in a Utility-Maximizing Framework[END_REF] such that each manufacturing firm faces an exogenous probability 𝜙 > 0 of not being able to re-optimize its price and hence retain the price charged from the previous period. This can be expressed as follows:

𝑚𝑎𝑥 𝑃 𝑗,𝑡 𝑀 𝔼 𝑡 ∑ 𝜙 𝑠 ∞ 𝑠=0 𝛯 𝑡+𝑠 {( 𝑃 𝑗,𝑡 𝑀 𝑃 𝑡+𝑠 𝑀 -𝑚𝑐 𝑡+𝑠 ) 𝑌 𝑗,𝑡+𝑠 𝑀 } (19)
subject to sector specific demand:

𝑌 𝑗,𝑡 𝑀 = ( 𝑃 𝑗,𝑡 𝑀 𝑃 𝑡 𝑀 ) -𝜖 𝑌 𝑡 𝑀 (20)
We set the pricing kernel equal to the Ricardian owners' valuation Ξ t+s = Λ t+s /Λ t , i.e. the marginal utility of consumption. Inserting the demand into the maximization process above simplifies optimization from a constrained maximization to an unconstrained one:

max 𝑃 𝑗,𝑡 𝑀 𝔼 𝑡 ∑ 𝛽 𝑠 𝜙 𝑠 ∞ 𝑠=0 Ξ t+s {( 𝑃 𝑗,𝑡 𝑀 𝑃 𝑡+𝑠 𝑀 ( 𝑃 𝑗,𝑡 𝑀 𝑃 𝑡 𝑀 ) -ϵ -( 𝑃 𝑗,𝑡 𝑀 𝑃 𝑡 𝑀 ) -𝜖 𝑚𝑐 𝑡+𝑠 ) 𝑌 𝑡 𝑀 } (21) 
Note that 𝑃 𝑗,𝑡 𝑀 is decided in period t and not t+1 since manufacturing firms choose the optimal price in the current time which will occur in the next period. The first order conditions with respect to 𝑃 𝑗,𝑡 𝑀 yields the well know optimal price setting equation as follows:

𝑃 ̃𝑡𝑀 𝑃 𝑡 𝑀 = 𝜖 𝜖 -1 𝔼 𝑡 ∑ 𝛽 𝑠 𝜙 𝑠 𝛯 𝑡+𝑠 𝑌 𝑡+𝑠 𝑀 𝑚𝑐 𝑡+𝑠 ∞ 𝑠=0 ( 𝑃 𝑡+𝑠 𝑀 𝑃 𝑡 𝑀 ) 𝜖 𝔼 𝑡 ∑ 𝛽 𝑠 𝜙 𝑠 𝛯 𝑡+𝑠 𝑌 𝑡+𝑠 𝑀 𝑚𝑐 𝑡+𝑠 ∞ 𝑠=0 ( 𝑃 𝑡+𝑠 𝑀 𝑃 𝑡 𝑀 ) 𝜖-1 (22) 
Note that if prices are completely flexible (i.e., 𝜙 = 0 ), equation ( 22 𝜖 . We find it convenient to express ( 22) recursively, which simplifies to 𝜖 ⋅ 𝑓 1,𝑡 = (𝜖 -1) ⋅ 𝑓 2,𝑡 where:

𝑓 1,𝑡 = Ξ t 𝑌 𝑡 𝑀 𝑚𝑐 t + 𝛽 𝑠 𝜙 𝑠 𝔼 𝑡 ( 𝑃 𝑡+1 𝑀 𝑃 𝑡 𝑀 ) 𝜖+1 𝑓 1,𝑡+1 (23) 
𝑓 2,𝑡 = Ξ t 𝑌 𝑡 𝑀 + 𝛽 𝑠 𝜙 𝑠 𝔼 𝑡 ( 𝑃 𝑡+1 𝑀 𝑃 𝑡 𝑀 ) 𝜖 𝑓 2,𝑡+1 (24) 
We can express manufacturing prices evolving as a weighted average of the fraction of manufacturing firms which optimized its price and those that did not optimize prices:

𝑃 𝑡 𝑀 = [(1 -𝜙)(𝑃 ̃𝑡𝑀 ) 1-𝜖 + 𝜙(𝑃 𝑡-1 𝑀 ) 1-𝜖 ] 1 1-𝜖 (25)
We define manufacturing price inflation (𝜋 𝑡 𝑀 ) by dividing ( 25) by 𝑃 𝑡-1 𝑀 : 

𝜋 𝑡 𝑀 = [(1 -𝜙 ) ( 𝑃 ̃𝑡𝑀 𝑃 𝑡-1 𝑀 ) 1-𝜖 + 𝜙] 1 1-𝜖 (26)

Fiscal Policy

𝐵 𝑡 𝐺 + 𝑒 t 𝐵 𝑡 𝐺⋆ -(1 + 𝑖 𝑡-1 )𝐵 𝑡-1 𝐺 -𝑒 t (1 + i t-1 ⋆ )𝛩 ( 𝑒 𝑡 𝐵 𝑡 ⋆ 𝑃 𝑡 𝑌 𝑡 ) 𝐵 𝑡-1 𝐺⋆ = 𝑆 𝑡 -τ t (C 𝔫,𝑡 + C 𝔯,t + W 𝔫,𝑡 N 𝔫,𝑡 + W 𝔯,t N 𝔯,t + r t u t k t-1 + Π t ) (27) 
There are three instruments in (28) domestic and foreign debt; and time varying taxes.

We simplify the model by assuming government debt is denominated in domestic currency.

For purposes of ensuring stability, a Ponzi scheme is ruled out, i.e. both the consumer budget constraint and a debt ceiling will always bind. The share of the government's budget financed via debt relies on the leverage parameter 𝜙 𝑍 . As 𝜙 𝑍 approaches zero, the fiscal response will be financed by debt. However, 𝜙 𝑍 > 0 ensures solvency related to time-varying marginal tax rates on labor wages, capital rents and profits. In this setup, the tax instrument responds positively to deviations in the debt-to-output ratio (𝐵 𝑡 𝐺 /𝑃 𝑡 𝑌 𝑡 ) relatively the steady state level (where 𝐵 𝑡 𝐺 = 0).9 

𝜏 𝑡 = 𝜏̅ + 𝜌(𝜏 𝑡-1 -𝜏) ̅ + (1 -𝜌)𝜙 𝑍 ( 𝐵 𝑡 𝐺 𝑃 𝑡 𝑌 𝑡 ) (29) 

Foreign Economy

We set the balance of payment (𝑇𝐵 𝑡 ) equation as simply the value of exports less the difference on the foreign asset position including the net interest provision.

𝑒 t B 𝔯,t ⋆ = 𝑒 t (1 + i t-1 ⋆ )B 𝔯,t-1 ⋆ + 𝑇𝐵 𝑡 (30) 𝑇𝐵 𝑡 = 𝑃 𝑡 𝐹 (𝑌 𝑡 𝐹 -𝐶 𝑡 𝐹 ) (31) 
Equation ( 30) represents the aggregate net liquid position on foreign bond holdings.10 

Equation ( 31) shows that the trade balance depends on the variation of the domestic value of food traded abroad based on domestic absorption.

Monetary Policy

The central bank follows a Taylor-like Rule [START_REF] Taylor | Discretion Versus Policy Rules in Carnegie[END_REF]) to set changes in short-term interest rates in response to deviations from the inflation target and output gap:

( 1 + 𝑖 𝑡 1 + 𝑖̅ ) = ( 1 + 𝑖 𝑡-1 1 + 𝑖̅ ) 𝛼 𝑖 [( 𝑌 𝑡 𝑌 ̅ ) 𝛼 𝑌 ( 𝜋 𝑡 𝑋 𝜋 ̅ ) 𝛼 𝑋 ] (1-𝛼 𝑖 ) (32) 
The central bank conducts interest rate smoothing as 0 < α i ≤ 1. The policy weights with respect to deviations away from output gap and the inflation target are assigned by α 𝑌 and α 𝑋 , respectively, where X ∈ (𝑀, 𝑆, 𝐻) representing a policy reaction on stabilizing: , where 𝑃 ⃑ 𝑡 is defined in equation (4); and ▪ Optimal inflation: as in [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF], the optimal inflation rate is defined as the weighted value (𝜛) of core and non-subsidized headline inflation that maximize welfare 𝜋 𝑖,𝑡 * = 𝜛 𝑖 𝜋 𝑖,𝑡 𝑀 + (1 -𝜛 𝑖 )𝜋 𝑖,𝑡 H , where 0≤ 𝜛 𝑖 ≤1

▪
The steady state non-subsidized inflation (π ̅) rate is identical to that of the distorted inflation steady state.

Model Experiments

We conduct three "crisis" experiments regarding different fiscal intervention models based on a disturbance of the food price level. The first experiment describes a scenario in the absence of fiscal subsidies, i.e. the Baseline model (Model I). 11 We consider a targeted approach where fiscal authorities subsidize food price shocks only for the non-Ricardian household type (Model II). Lastly, we conduct an experiment where households receive a universal subsidy (Model III). Despite the subsidy targeting literature, the latter scenario appears to be quite prevalent than a more targeted scenario.12 

Aggregation

GDP is equal to consumption, investment (including capital adjustment costs) and the trade balance: 

𝑃 𝑡 𝑌 𝑡 =

Calibration

The model parameters are summarized in Table 1. We assume the share of credit constrained household (𝜆) is equal to 40% [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF]). 13 The subjective discount factor (𝛽) is set to 0.99. Consistent with [START_REF] Aguiar | Emerging Market Business Cycles: The Cycle is the Trend[END_REF], we set 𝜌 to 2. The inverse Frisch parameter is set χ = 3, a standard value used in the DSGE literature.

The Calvo price signal (𝜙 𝑀 ) in the manufacturing sector is assumed to be 0.66 [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF]). 14 We assume a quarterly depreciation rate of 0.03, i.e. an annual depreciation of 12%.

We set investment the adjustment cost parameter ψ=1.3. 15 The capital ratio in the manufacturing sector is set to 0.33. The capital utilization function 𝑎[𝑢 𝑡 ] satisfies 𝑎[1] = 0. Capital utilization is normalized to unity in the steady state, hence we set 𝜖 1 = 1 𝛽 -(1 -𝛿). 𝜖 2 is calibrated to 0.015.

We set the substitution between food and manufacturing goods to 𝜃 = 0.7 based on a sample of countries (see Table 2). 16 The share of food in consumption is set to 𝜑 = 0.4 based on the same sample of countries. In the baseline model, we assume no fiscal intervention (i.e.

𝜅 𝔯 , 𝜅 𝔫 = 0). 17 When fiscal policies are used to counteract food price shocks, 𝜅 𝑖 is set to 0.33. This assumption reflects an increase of government spending close to 1% in case of a typical food price shock (IMF [2008b]) under a universal subsidy policy. Therefore, a targeted policy (Model II) is obtained with the combination of 𝜅 𝔯 =0 and 𝜅 𝔫 =0.33 while a universal policy (Model III) is obtained with 𝜅 𝔯 =𝜅 𝔫 =0.33.

We draw on Schmitt-Grohé and Uribe [2003] by incorporating a bond adjustment cost; 𝜁=0.001. We follow Gali et al. [2004] by setting monetary policy coefficient on the output gap (α 𝑌 ) equal to 0.5. The policy reaction on the inflation targeting regimes (α 𝑋 ) is equal to 2 and assume monetary policy inertia (α i =0.7). 18 As our focus is to characterize policy actions in response to the food price crisis, we prefer to incorporate a measure of aggregate productivity, rather than a sector-specific one as in [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF] and [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF]. Our rationale for favoring an aggregate productivity shock is that, while there were a combination of factors that lead up to the spike in food prices in 2007, abnormal weather patterns was not necessarily the main causal factor. 19 The technology disturbance obeys an AR(1) process and can be generalized as follows: ln𝐴 𝑡 = 𝜌 𝐴 ln𝐴 𝑡-1 + 𝜀 𝑡 , where 𝜀 𝑡 ∼ 𝒩(0, 𝜎 𝐴 ). We set the AR(1) coefficient on the persistence on aggregate productivity (𝜌 𝐴 ) to 0.8. The AR(1) coefficient for the 15 Investment adjustment costs are supported empirically, see e.g. Peiris and Saxegard [2007] for the case of Mozambique or [START_REF] Aguiar | Emerging Market Business Cycles: The Cycle is the Trend[END_REF] for Mexico.

16 [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF] set the elasticity of substitution of food to 0.6 based on an average sample of low, middle and high-income countries. We use a higher food elasticity of substitution (0.7) considering our research overlaps with MICs which tend to be more elastic considering a larger share of expenditures on food (see e.g., [START_REF] Green | The Effect of Rising Food Prices on Food Consumption: Systematic Review with Meta-regression[END_REF]).

17 This is consistent on the RBC foundation where the role of food policies plays little role in explaining shortterm frictions over the business cycle. 18 The monetary policy parameter (i.e., α 𝑌 , α 𝑋 and α i ) values were also used in [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF]. 19 The literature attributes the food price crisis not necessarily to one main cause, but rather a confluence of factors in the lead up to the onset of the global food price increases in 2007 [START_REF] Timmer | Causes of High Food Prices[END_REF], [START_REF] Mittal | The 2008 Food Price Crisis: Rethinking Food Security Policies[END_REF] and Wiggins et al. [2010]), which cite higher energy costs (e.g., oil, fertilizers); diversion of maize to produce biofuels; macroeconomic factors (e.g., U.S. dollar devaluation, speculation); and lower stock levels. The lower stock levels are engendered by a combination of adverse weather conditions (some of which occurred in the recent years prior (Wiggins et al. [2010]) and structural changes [START_REF] Trostle | Global Agricultural Supply and Demand: Factors Contributing to the Recent Increase in Food Commodity Prices[END_REF] argues there were incentives to reduce inventory levels relating to "just-in-time" inventory management and a shift toward liberalized trade policies). [START_REF] Timmer | Causes of High Food Prices[END_REF] also cites high living standards in a number of growing economies led to increased demand of food goods. Wiggins et al. [2010] notes that once prices started to increase in 2007, there were amplifying reactions that accelerated the price increases such as export restrictions, country-imposed increase in import taxes on food goods and restocking by countries.

world interest rate (𝜌 𝑖 ⋆ ) is set to 0.46 (see Deveraux et al. [2006]). We incorporate a global food price: 𝜌 𝑃 𝐹⋆ is set to 0.5 to allow persistence (conditional on the shock occurring) to represent a food price crisis experiment (see [START_REF] Pourroy | Food Prices and Inflation Targeting in Emerging Economies[END_REF]).

Insert About Here 

Baseline Model (Crisis Scenario: No Intervention)

To illustrate how the model behaves, we consider a food price crisis experiment where there is no intervention (Model I). The impulse response functions (IRF) are presented in Figure 2 which compare monetary policy targeting core and headline inflation. The IRFs display a transitory one standard deviation shock and are provided in percentage deviations.

An increase in the world price of food creates inflationary pressure in the domestic economy on impact. While the central bank raises the policy rate in response to inflation for both headline and core inflation targeting regimes, the reaction of the policy rate is stronger under a headline inflation targeting regime.

To simulate higher food prices recently experienced in global markets, an orthogonal shock hits the world price of food goods in foreign currency. It is translated partially to the domestic food price (there is an exchange rate appreciation). An increase in the price of food creates upwards pressure for non-Ricardian wages. 20 Based on this income effect and that non-Ricardians do not smooth consumption, labor effort (and hence food production) for non-Ricardians declines. As non-Ricardians' consumption increases and labor declines, their utility and welfare increase.

The picture turns out to be quite different for Ricardian households such that their Ricardian consumption falls. An increase in food prices can modify the consumption basket: food consumption declines, while manufacturing consumption tends to be relatively higher than at steady state (even while considering a low elasticity of substitution).

The Ricardian labor supply increases to offer goods relatively more expensive than at steady state, while labor demand rises due to the higher demand for manufacturing goods from non-Ricardian households. With an increase in number of hours worked and a decline in consumption, Ricardian utility and welfare falls at the time of the world food price shock.

The increase of the world food price has somewhat comparable properties to a positive productivity shock for our open economy setting: for a given amount of labor in the food sector, there is an increase in firm turnover. As the domestic wage in the food sector increases less than the price of food goods on the world market, domestic food producers observe a competitive advantage such that the small open economy becomes a net-food exporter at the time of the shock.

One may have expected the Ricardian households to borrow money from abroad at the time of the shock to smooth consumption over time. However, the picture is different. As labor and wages in the manufacturing sector increase at the time of the shock (due to non-Ricardian higher consumption), manufacturing producer incomes increase as well. However, because domestic consumption is more expensive and investment demand is lower, Ricardian households would prefer to increase their savings abroad. Ricardian households become net positive holders of foreign bonds. This compensates the positive trade balance (associated with positive food exports). The inflationary shock pushes capital away from our small open economy: manufacturing investment falls while foreign bonds holdings increase.

As non-Ricardian demand (in particular for manufacturing goods) increases at the time of the shock, as well as food exports, the output gap is positive. Under core (headline) inflation targeting the central bank reacts to output gap and core (headline) inflation. While the central bank raises the policy rate in response to inflation for both headline and core inflation targeting regimes, the reaction of the policy rate is stronger under a headline inflation targeting regime.

The central bank reaction consists of increasing the nominal interest rate, which has a stronger impact on Ricardian consumers than on hand-to-mouth households. Under headline inflation targeting, the substitution of food and non-food goods by Ricardian households is reduced, as the incentive to consume is replaced by an incentive to save. This impacts total consumption, which is larger under core inflation targeting than under headline targeting. This also affects total production through the investment channel. Because under headline targeting manufacturing consumption is larger than under core inflation targeting, production and manufacturing capital utilization rate are lower. Then rental cost of capital increase more under core targeting than under headline targeting. Consequently, both investment and capital decline less under headline targeting. Thus, headline inflation targeting is a more effective policy choice in terms of stabilizing output. 
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Fiscal Policy Intervention (Crisis Experiment with Price Subsidies)

We extend the baseline model (Model I) to incorporate two additional experiments: fiscal intervention targeting only financially constrained households (Model II: 𝜅 𝔯 = 0; 𝜅 𝔫 = 0.33) and universal fiscal intervention (Model III: 𝜅 𝔯 = 0.33; 𝜅 𝔫 = 0.33). The IRFs are displayed in Figure 3 for headline inflation targeting and Figure 6 for core inflation targeting. Fiscal intervention to stabilize prices may create a market distortion between the market food price (𝑃 𝑡 𝐹 ) and the price faced by consumers (𝑃 ⃑ 𝑖,𝑡 𝐹 ). 21 At the time of an orthogonal food price shock, the shock translates into an immediate increase of the domestic food price of 5.6% without fiscal intervention (Model I), 4.7% with a target fiscal policy (Model II) and 3.2% with a global subsidy (Model III).

One of the implications of fiscal policy in lowering prices faced by the household results in, as expected, higher food consumption. For Ricardian households, food subsidies reduce the substitution effects from food to manufacturing consumption. For non-Ricardian households, subsidies may slacken the expenditure side of their budget constraint. As they are "hand-tomouth" in nature, they reduce the income side of their budget constraint. In the presence of fiscal intervention, non-Ricardians observe an income effect; their wages increase and their labor supply falls. 22The reduction in investment, which is only specific to the manufacturing (sticky price) sector, is lessened as the intensity of fiscal intervention increases in the presence of food price shocks.

This suggests (similar to consumption) that food price subsidies can crowd in private investment engendered by the effects of increasing aggregate demand. 21 The mechanics for household prices works as follows: for Model I, 𝑃 𝑡 𝐹 = 𝑃 ⃑ 𝑖,𝑡 𝐹 ; for Model II, 𝑃 𝑡 𝐹 = 𝑃 ⃑ 𝔯,𝑡 𝐹 and 𝑃 𝑡 𝐹 ≥ 𝑃 ⃑ 𝔫,𝑡 𝐹 ;

and Model III 𝑃 𝑡 𝐹 ≥ 𝑃 ⃑ 𝑖,𝑡 𝐹 .

In addition to shielding households from volatile world food price shocks, food price subsidies may diminish Ricardian saving, which consequentially have diminishing effects on the trade balance. Net bond savings (private and government) slightly decrease the higher the intensity of fiscal intervention. On the one side, private bonds are reduced, on the other side government bonds, which are strictly held by the Ricardian household, increase to pay for the food subsidy.

Food production is either consumed or exported (in the steady state the trade balance is nil).

There is a decrease in domestic absorption and increase in tradeable food production, which in turn leads to an increase in the trade balance in Model I. Hence, independent of fiscal intervention, the economy has a sizable food production and at the time of the shock while food consumption is reduced, the excess production is subsequently exported. Under Model II, food production is lower (because of the income effect that reduces food households' labor) while food consumption is supported by subsidies. Under Model III, subsidies are universal; food consumption (in particular food good consumption for the Ricardian household) is higher relative to Model II, while food production remains approximately the same as in Model II.

As expected, the highest level of subsidies (𝑆 ) occurs under Model III (subsidies are nil under Model I). To finance subsidy spending, fiscal authorities increase taxes (𝜏 𝑡 ) and increase public debt (𝐵 𝑡 𝐺 ). In our model, the exchange rate is derived via the interest rate parity condition. A shock to the foreign world denominated food price (𝑃 𝐹 * ) translates to an increase in the consumer price index faced by households: the headline price increase by 2.3% in the absence of a subsidy, but only by 1.6% with a uniform subsidy (Model III) under a headline inflation targeting regime.

When monetary policy reacts to the food price shock, it helps to stabilize production and therefore reduces the financing cost of food subsidies. The tax rate and public debt are lower under headline targeting because of the large monetary policy reaction to the food price shock relative to core inflation targeting. 23 This is mainly due to a more stable aggregate demand if the central bank follows a headline inflation targeting rule. Thus, headline inflation targeting is a more effective policy choice in terms of stabilizing output. 24The policy rate affects the Ricardian household's intertemporal optimization via the Euler equation. A higher interest rate reduces present consumption (and increases savings for future consumption) and less intensely under Model III. Hence subsidies can crowd in consumption for Ricardians, but consumption is further reduced in future periods as taxes start to increase (to pay for the subsidy). At the time of the shock, Ricardian consumption decreases less intensely as the interest rate reaction is based on core inflation targeting. Consequently, savings related variables react in the opposite direction: the level of domestic bonds held by Ricardian households is larger under headline targeting than core inflation targeting.
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Welfare Analysis

Welfare is calculated as gains in consumption units relative to core inflation based on three disturbances: a shock to aggregate technology, the world interest rate and the world food price.

We conduct a conditional welfare analysis of the different policy options using a second order approximation of the household welfare. Following [START_REF] Faia | Optimal Interest Rate Rules, Asset Prices and Credit Frictions[END_REF], we define welfare for household type i as follows:

𝑊 𝑖,𝑡 = 𝔼 𝑡 {∑ 𝛽 𝑛 ∞ 𝑛=0 𝑈 𝑖 (𝐶 𝑖,𝑡+𝑛 , 𝑁 𝑖,𝑡+𝑛 )} | 𝑥 0 =𝑥 (35) 
We can write the welfare equation above in recursive form as follows:

𝑊 𝑖,𝑡 = 𝑈 𝑖 (𝐶 𝑖,𝑡 , 𝑁 𝑖,𝑡 ) + 𝛽𝑊 𝑖,𝑡+1

This allows us to calculate aggregate welfare which is defined as the sum of household 𝑖 welfare weighted by the respective share of each household:

𝑊 𝑡 = (1 -𝜆)𝑊 𝔯,𝑡 + 𝜆𝑊 𝔫,𝑡 (37) 
We compare welfare for the baseline model with no fiscal intervention (Model I) for each household, 𝑊 𝑖,𝑡 , with the two models based on fiscal intervention (Models II and III) for four monetary policy regimes. 25 The monetary policy regimes considered include headline inflation, distorted headline inflation, core inflation and optimal inflation.

We present the results of the welfare evaluation for both aggregate and heterogeneous welfare based on the fiscal and monetary policy stance. All models have the same steady state. As we are analyzing an isolated food price shock that occurs for a MIC economy, we define welfare gains as the cumulative consumption units needed to make welfare under core inflation targeting equivalent to that of alternative policy choices.

Aggregate welfare evaluation

Core inflation targeting is taken as a basis to compare alternative welfare policy rules, which include headline and distorted headline inflation. We consider distorted headline inflation as a leaning against the wind targeting rule. We also compute the optimal inflation which is an outcome of maximizing welfare by changing 𝜛.

We rank different fiscal and monetary policies in terms of welfare. In the welfare tables, we include a "local" and "global" ranking. The former is defined by ranking the different monetary policies given a certain fiscal policy. That is, based on the fiscal intervention policy, we assess which monetary policy regime achieves the highest level of welfare. In addition to local welfare, we also incorporate relative welfare in Table 3 as a measure of global welfare ranking for all three models compared to a core inflation index.

Headline inflation has a higher local rank in Model I than core inflation for aggregate welfare.

26 This is consistent with Model II and Model III, however distorted headline inflation achieves a higher welfare ranking than headline inflation. The global ranking suggests that welfare is increasing in the level of fiscal intensity; hence Model III is preferred to other model alternatives.

Our findings for aggregate welfare are twofold. Firstly, our results, consistent for all three welfare models, suggest that aggregate welfare is improving given fiscal policy activism and when monetary policy targets distorted headline inflation (followed by headline inflation relative to core inflation). Thus, the results suggest a central bank should react to food price volatility. Secondly, incorporating optimal monetary policy (determined by 𝜛) is decreasing the higher intensity of fiscal policy activism. This is an important, yet intuitive, result: fiscal policy intervention that shields households, particularly non-asset holders, from food price shocks reduces the volatile effects of headline prices in the optimal inflation target.
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Distributional Welfare Evaluation

To better understand the consequences of fiscal and monetary policies have on aggregate welfare, we analyze the heterogeneous distributional effects these policies have on the two household types. From the perspective of non-Ricardians, presented in Table 4, welfare is strictly increasing in the value of fiscal intervention (𝜅 𝔫 ). The mechanism behind this is the following: non-Ricardians are unable to smooth consumption, unlike the Ricardian household, however the government can do so for non-Ricardians households by borrowing vis-à-vis a food price subsidy. Welfare for non-Ricardians is also strictly increasing when monetary policy targets distorted headline inflation relative to core inflation.

Our results in Table 5 suggest a somewhat polar case for the Ricardian household type. From the perspective of the Ricardian household, the best fiscal policy is to minimize the degree of fiscal intervention and the best monetary policy regime is to target core inflation. In the event of moderate (intense) fiscal intervention proxied by Model II (Model III) welfare is improving when monetary policy targets core inflation.

The optimal inflation targeting weight (𝜛) is decreasing in the level of fiscal intensity for both household types. Considering this interdependency, the results suggest consideration needs to be made on fiscal (intensity and scope) and monetary policy responses.
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Robustness checks

We conduct several sensitivity experiments to check the robustness of our results for Models I, II and III (which correspond to Tables 6, 7 and 8). Overall, the model suggests that optimal inflation targeting (that includes both core and headline inflation) is always welfare improving in aggregate (relative to core inflation). Further, targeting headline inflation is welfare improving in aggregate, with the exception when the share of non-Ricardians reaches a certain threshold. 27 The model is mainly affected by the following parameters:

• welfare is decreasing (increasing) as the share of food expenditure (𝜑) is higher for Ricardians (non-Ricardians). Our results lend support to recent evidence that higher food prices can transfer welfare from urban to rural households (de Janvry and Sadoulet [2009], Aksoy and Isik-Dikmelik [2008]);

• the optimal inflation target places more weight on core prices as prices become stickier (i.e., as 𝜙 increases), which is consistent with [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF] and [START_REF] Mankiw | Sticky Information versus Sticky Prices: A Proposal to Replace the New Keynesian Phillips Curve[END_REF];

• the higher the leverage response (𝜙 𝑍 ) corresponds with a higher the tax rate. The results in Tables 7 and8 (recall there is no debt in Model I) display no significant change when considering alternative calibrations. This may be explained by Ricardian equivalence in a context where Non-Ricardian households are not directly impacted by subsidy financing;

• aggregate welfare is decreasing as the elasticity of food (𝜃) becomes more elastic for Model I and II. This is due to a compensating effect: Ricardians (non-Ricardians) are worse-off (better-off) with higher food prices since they are net-food buyers (sellers). Model III shows that aggregate welfare may increase if there is a universal subsidy; and

• the optimal inflation target places more weight on core prices as the share of non-Ricardian households increase, which is consistent with [START_REF] Anand | What Measure of Inflation Should a Developing Country Central Bank Target?[END_REF].

We also experimented with the share of capital and capital utilization costs. The sensitivity suggests that the optimal inflation target places more weight on core prices as the economy is more capital intensive and utilization costs increase.
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Conclusion

We provide empirical evidence that food price subsidies are typically associated with a higher share of food expenditures; are present in countries with weak access to financial services; and are popular in MICs. Our main contribution is the development of a DSGE model to account for this evidence and to show how fiscal and monetary policy interventions should be designed to shield households from food price volatility. The DSGE model incorporates two sectors intersecting with a HANK model incorporating sticky prices (à la Calvo and policy induced subsidy pricing) and incomplete financial markets. The novelty of our approach is we consider fiscal intervention through the effect of consumer subsidies. This is a key, realistic feature of MICs considering the prevalence of food price subsidies which are a central component of the passthrough from world food prices to domestic inflation. In explicitly modeling food price subsidies we show such a policy can create a wedge between distorted prices faced by household and non-subsidized prices. This allows us to capture key factors to analyze fiscal and monetary policy simultaneous responses to food price volatility.

Our research overlaps with a small, burgeoning literature providing evidence overturning the conduct of monetary policy focusing strictly on core inflation in an environment of financial frictions for a MIC. We find that targeting distortive headline inflation achieves the highest welfare. While this is a leaning against the wind approach to monetary policy, we consider this as finding a middle-ground, particularly for Ricardians (who can smooth consumption over time), in the event of fiscal intervention. This implies that targeting distorted inflation results in an interest rate response below headline inflation target, but higher than core inflation targeting.

There are distributional effects based on the policy reaction. We find the relative importance of headline inflation decreases the higher the intensity of fiscal intervention. This is an important, yet intuitive, result: non-Ricardians are sensitive to changes in food prices considering a substantial share of expenditures is attributed to food and their limited financial access to smooth consumption. The government can thus borrow for non-Ricardians, thereby decreasing non-Ricardians' vulnerability to food price shocks.

Lastly, we argue coordinated fiscal and monetary policies may be desirable considering the optimal joint policy reactions are interdependent. This is an important property considering an inefficient reaction due to uncoordinated monetary/fiscal policy may potentially diminish some of the benefits. Therefore, we consider that central bank independence in MICs with food prices subsidies should not be achieved without consideration of the cost of a lack of monetary and fiscal policy coordination. The optimal institutional design remains an open question for future research. )] 𝐼 𝑡 -𝑘 𝑡 )}

where Λ 𝔯,t and Q 𝔯,t represent the shadow value on the Ricardian budget constraint and the Lagrangian multiplier related to installed capital, respectively. We describe the first order conditions below ex post allowing for a change of variables by setting q 𝑡 = Q t Λ t as the marginal value of installed capital in terms of replacement costs which is known as Tobin's Q. 28Notice if there are no investment adjustment costs (i.e., 𝛹( I t I t-1 )=0), equation ( 42) is equivalent to q 𝑡 =1 which implies Tobin's Q is equal to the replacement cost of capital. 

Equation ( 39) represents the marginal utility of consumption. Equations ( 39) and ( 45) together represent the inter-temporal optimization relating labor supply decisions with the marginal rate of consumption and real net wage.

Equations ( 40) and (41) represents the Euler equations for domestic and foreign bonds which, in equilibrium, characterizes the standard uncovered interest rate parity (UIP) condition. Note the marginal utility of income and inter-temporal equations are a function of the distorted price as implied by utility maximization. This implies that fiscal intervention affects inflation faced by the Ricardian household type defined by π ⃑ ⃑ 𝑖,t = 𝑃 ⃑ 𝑖,𝑡 /𝑃 ⃑ 𝑖,𝑡-1 .

Non-Ricardian Household

Utility maximization yields the intra-temporal labor supply optimality conditions: 

𝜕ℒ

Additional Impulse Response Functions

As a complement to the IRF presented in Figure 2 

  𝑡 . We work with the condition of symmetric prices where 𝑃 ̃𝑡𝑀 = 𝑃 𝑡 𝑀 , implying marginal cost would be equivalent to the inverse mark-up, i.e. 𝑚𝑐 𝑡 = 𝜖-1

;▪

  Core inflation, defined as sticky price inflation: Headline inflation, defined as overall price level inflation: 𝜋 𝑡 𝐻 = 𝑃 𝑡 𝑃 𝑡-1 Subsidized headline inflation defined as: 𝜋 𝑡 𝑆 = 𝑃 ⃑ 𝑡 𝑃 ⃑ 𝑡-1

Figure 2 :

 2 Figure 2: IRF World Food Price Shock (Baseline Model I).

  that focused on Model I, this section presents the IRF which compare core inflation targeting and headline inflation targeting under Model II and III. The IRFs display a transitory one standard deviation shock in the presence of fiscal intervention: targeted subsidies (Model II) correspond with Figure 4 and universal subsidies (Model III) correspond with Figure 5.

Figure

  Figure 4: IRF World Food Price Shock (Model II)

  The government's inter-temporal budget constraint is funded via both domestic (𝐵 𝑡

	𝑡 𝐹 -𝑃 ⃑ 𝑖,𝑡 𝐹 )𝐶 𝑖,𝑡 𝐹 .
	𝑆 𝑡 = (𝑃 𝑡 𝐹 -𝑃 ⃑ 𝔫,𝑡 𝐹 )𝐶 𝔫,𝑡 𝐹 + (𝑃 𝑡 𝐹 -𝑃 ⃑ 𝔯,𝑡 𝐹 )𝐶 𝔯,𝑡 𝐹

𝐺 

) and foreign (e t 𝐵 𝑡 𝐺⋆ ) debt and tax revenues to finance a stream of food price subsidies (𝑆 𝑡 ). 𝑆 𝑡 is defined by household's food price spread (depending on the intensity and segmentation of 𝜅 𝑖 ) and consumption units for household 𝑖, i.e. (𝑃
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Table 1 : Parameter Selection

 1 

	Population Type			
	Non-Ricardian; Food Labor Supply	𝜆	0.4	
	Utility			
	Discount factor	𝛽	0.99	
	Inverse of intertemporal elasticity of subst.	𝜌	2	
	Inverse elasticity of labor supply	𝜒	3	
	Share of food in consumption	𝜑	0.4	
	Elasticity of substitution: food and non-food	𝜃	0.7	
	Industrial Sector			
	Capital share	𝛼	0.33	
	Investment adj. cost	ψ	1.3	
	Capacity-utilization	𝜖 1	0.04	
	Capacity-utilization	𝜖 2	0.015	
	Depreciation	𝛿	0.03	
	Domestic Calvo signal	𝜙	0.66	
	Monopoly power	𝜂	6	
	Adjustment Costs			
	Bond adjustment costs	𝜁	0.001	
	Fiscal Policy			
	Baseline Model I: i.e., no subsidy	𝜅 𝔯 , 𝜅 𝔫	0 0	
	Targeted Model II: i.e., non-Ricardian subsidy	𝜅 𝔯 , 𝜅 𝔫	0 0.33
	Universal Model III: i.e. blanket subsidy	𝜅 𝔯 , 𝜅 𝔫	0.33	0.33
	Tax rate parameter	𝜏̅	0	
	Leverage response (ensures solvency)	ϕ Z	0.15	
	Tax rate smoothing	𝜌	0	
	Monetary Policy			
	Interest Rate Smoothing	α i	0.7	
	Response on output gap	α 𝑌	0.5	
	Response on policy rate	α 𝑋	2	
	Shocks			
	Aggregate productivity	𝜌 𝐴	0.80	
	Aggregate persistence	𝜎 𝐴	0.02	

Table 2 : Food Expenditure; Income and Slutsky Food Elasticity; and Financial Access

 2 Sources: USDA and World Bank (Global Findex Database and Global Consumption Database).Note: classification is based on GINI per capita. The sampled classification includes high-income (HIC), lower-middle (LMIC) and upper-middle income countries (UMIC) based on World Bank criteria.

		Food Ex-	Financial	Income	Price	Classifica-
		penditure	Access	Elasticity	Elasticity	tion
	Argentina	20.3	50.0	67.0	-0.60	UMIC
	Azerbaijan	45.0	29.0	74.6	-0.69	UMIC
	Bangladesh	55.1	31.0	79.5	-0.76	LMIC
	Belarus	40.5	72.0	68.3	-0.62	UMIC
	Brazil	23.0	68.0	70.4	-0.64	UMIC
	China	36.2	79.0	77.5	-0.73	UMIC
	Costa Rica	19.9	65.0	N/A	N/A	UMIC
	Dominican Rep.	23.2	54.0	N/A	N/A	UMIC
	Guatemala	36.4	41.0	N/A	N/A	LMIC
	India	44.6	53.0	78.2	-0.74	LMIC
	Indonesia	48.6	36.0	75.7	-70.5	LMIC
	Jamaica	32.3	78.0	N/A	N/A	UMIC
	Kazakhstan	58.7	54.0	67.6	-60.9	UMIC
	Kenya	55.4	75.0	79.1	-75.2	LMIC
	Kyrgyz Rep.	58.9	18.0	75.7	-70.5	LMIC
	Mali	51.8	20.0	81.3	-78.5	LIC
	Mexico	22.7	39.0	64.6	-57.7	UMIC
	Moldova	39.2	18.0	73.1	-67.3	LMIC
	Mongolia	45.1	92.0	78.1	-73.7	LMIC
	Mozambique	52.5	N/A	82.2	-80.2	LIC
	Nigeria	56.8	44.0	79.0	-75.0	LMIC
	Pakistan	50.0	13.0	76.0	-70.9	LMIC
	Paraguay	N/A	N/A	73.8	-68.1	UMIC
	Philippines	47.1	31.0	75.6	-70.4	LMIC
	Russia	36.0	67.0	67.2	-60.5	HIC
	Sri Lanka	47.6	83.0	75.0	-69.6	LMIC
	Thailand	39.6	78.0	72.3	-66.3	UMIC
	Uruguay	18.2	46.0	67.9	-61.3	HIC
	Vietnam	53.2	31.0	78.1	-73.8	LMIC
	Zambia	49.4	36.0	80.5	-77.3	LMIC
	Mean	41.5	50.0	74.6	-51.2	
	Median	45.0	48.0	75.7	-67.7	

Table 6 : Welfare Gain -Model I
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			Total Welfare			Ricardian Welfare			Non-Ricardian Welfare	
		Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ
	A. Food Expenditure Share (baseline = 0.4)								
	0.2	0.009	0.009	0.016	0.395	-0.010	-0.010	0.004	0.645	0.084	0.084	0.084	0.019
	0.3	0.009	0.009	0.015	0.395	-0.016	-0.016	0.001	0.822	0.066	0.066	0.067	0.100
	0.4	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.5	0.006	0.006	0.013	0.432	-0.019	-0.019	0.000	1.000	0.030	0.030	0.038	0.304
	B. Calvo (baseline = 0.66)										
	0.55	0.005	0.005	0.010	0.395	-0.025	-0.025	0.000	1.000	0.052	0.052	0.052	0.000
	0.66	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.75	0.006	0.006	0.017	0.442	-0.014	-0.014	0.001	0.835	0.036	0.036	0.047	0.326
	0.8	0.003	0.003	0.016	0.470	-0.010	-0.010	0.002	0.720	0.023	0.023	0.040	0.393
	C. Response on Debt (baseline = 0.15)									
	0.15	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	1	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	5	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	10	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	D. Elasticity for Food (baseline = 0.7)									
	0.5	0.024	0.024	0.029	0.305	-0.029	-0.029	0.000	1.000	0.102	0.102	0.122	0.286
	0.6	0.014	0.014	0.020	0.350	-0.019	-0.019	0.000	1.000	0.064	0.064	0.071	0.240
	0.7	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.8	0.003	0.003	0.011	0.464	-0.022	-0.022	0.000	0.972	0.040	0.040	0.041	0.145
	E. Share of Non-Ricardian (baseline = 0.4)								
	0.3	0.014	0.014	0.015	0.205	-0.008	-0.008	0.000	0.968	0.048	0.048	0.048	0.000
	0.4	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.5	-0.003	-0.003	0.013	0.527	-0.035	-0.035	0.000	1.000	0.045	0.045	0.056	0.304
	0.6	-0.018	-0.018	0.012	0.615	-0.057	-0.057	0.000	1.000	0.041	0.041	0.061	0.367
	F. Capital Ratio (baseline = 0.33)									
	0.2	0.003	0.003	0.010	0.458	-0.023	-0.023	0.000	1.000	0.042	0.042	0.045	0.188
	0.3	0.008	0.008	0.014	0.395	-0.020	-0.020	0.000	1.000	0.050	0.050	0.052	0.166
	0.33	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.4	0.012	0.012	0.018	0.353	-0.016	-0.016	0.000	0.998	0.055	0.055	0.057	0.161
	G. Utilization (baseline = 0.015)										
	0.00	0.019	0.019	0.021	0.216	-0.015	-0.015	0.000	0.999	0.070	0.070	0.070	0.000
	0.010	0.012	0.012	0.016	0.347	-0.018	-0.018	0.000	1.000	0.056	0.056	0.057	0.122
	0.015	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193
	0.020	0.008	0.008	0.014	0.405	-0.019	-0.019	0.000	1.000	0.049	0.049	0.052	0.193

Table 7 : Welfare Gain -Model II
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			Total Welfare			Ricardian Welfare			Non-Ricardian Welfare	
		Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ
	A. Food Expenditure Share (baseline = 0.4)								
	0.2	0.010	0.010	0.016	0.392	-0.009	-0.009	0.006	0.615	0.084	0.085	0.084	0.000
	0.3	0.009	0.010	0.016	0.388	-0.015	-0.015	0.003	0.719	0.066	0.068	0.066	0.000
	0.4	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.5	0.007	0.010	0.013	0.406	-0.020	-0.020	0.001	0.859	0.034	0.039	0.034	0.123
	B. Calvo (baseline = 0.66)										
	0.55	0.006	0.007	0.009	0.378	-0.025	-0.026	0.000	1.000	0.053	0.055	0.053	0.000
	0.66	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.75	0.007	0.009	0.017	0.432	-0.014	-0.013	0.004	0.680	0.038	0.042	0.042	0.234
	0.8	0.004	0.006	0.016	0.462	-0.011	-0.009	0.006	0.631	0.025	0.030	0.034	0.328
	C. Response on Debt (baseline = 0.15)									
	0.15	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	1	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.010
	5	0.008	0.010	0.014	0.392	-0.019	-0.019	0.001	0.810	0.050	0.053	0.050	0.009
	10	0.008	0.010	0.014	0.392	-0.019	-0.019	0.001	0.810	0.050	0.053	0.050	0.009
	D. Elasticity for Food (baseline = 0.7)									
	0.5	0.026	0.027	0.030	0.265	-0.033	-0.032	0.000	1.000	0.114	0.116	0.119	0.169
	0.6	0.015	0.017	0.020	0.328	-0.020	-0.020	0.000	1.000	0.068	0.071	0.069	0.102
	0.7	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.8	0.003	0.005	0.010	0.456	-0.021	-0.021	0.002	0.791	0.040	0.043	0.040	0.000
	E. Share of Non-Ricardian (baseline = 0.4)								
	0.3	0.015	0.016	0.015	0.168	-0.008	-0.008	0.001	0.729	0.049	0.051	0.049	0.000
	0.4	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.5	-0.002	0.000	0.014	0.521	-0.035	-0.034	0.001	0.855	0.047	0.051	0.049	0.184
	0.6	-0.016	-0.013	0.013	0.607	-0.055	-0.055	0.001	0.889	0.042	0.048	0.050	0.277
	F. Capital Ratio (baseline = 0.33)									
	0.2	0.003	0.005	0.010	0.447	-0.024	-0.024	0.000	0.943	0.045	0.048	0.045	0.000
	0.3	0.009	0.010	0.014	0.381	-0.020	-0.019	0.001	0.831	0.051	0.054	0.051	0.000
	0.33	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.4	0.013	0.014	0.018	0.337	-0.015	-0.015	0.002	0.732	0.055	0.058	0.055	0.000
	G. Utilization (baseline = 0.015)										
	0.00	0.020	0.022	0.021	0.167	-0.012	-0.012	0.002	0.736	0.068	0.073	0.068	0.000
	0.010	0.012	0.014	0.016	0.329	-0.017	-0.017	0.001	0.787	0.056	0.059	0.056	0.000
	0.015	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015
	0.020	0.008	0.010	0.014	0.391	-0.019	-0.019	0.001	0.809	0.050	0.053	0.050	0.015

Table 8 : Welfare Gain -Model III
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			Total Welfare			Ricardian Welfare			Non-Ricardian Welfare	
		Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ	Headline IT	Dist. IT	Optimal IT	Optimal weight ϖ
	A. Food Expenditure Share (baseline = 0.4)								
	0.2	0.013	0.013	0.019	0.358	-0.006	-0.007	0.008	0.570	0.088	0.093	0.088	0.000
	0.3	0.013	0.015	0.018	0.347	-0.012	-0.012	0.005	0.651	0.071	0.077	0.071	0.000
	0.4	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.5	0.011	0.016	0.015	0.349	-0.017	-0.016	0.003	0.739	0.038	0.049	0.038	0.000
	B. Calvo (baseline = 0.66)										
	0.55	0.009	0.010	0.011	0.316	-0.023	-0.024	0.000	0.896	0.056	0.062	0.056	0.000
	0.66	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.75	0.011	0.017	0.019	0.389	-0.010	-0.008	0.007	0.611	0.044	0.054	0.045	0.130
	0.8	0.008	0.015	0.018	0.422	-0.007	-0.004	0.009	0.576	0.032	0.043	0.036	0.245
	C. Response on Debt (baseline = 0.15)									
	0.15	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	1	0.012	0.016	0.017	0.341	-0.016	-0.015	0.003	0.713	0.054	0.062	0.054	0.000
	5	0.012	0.015	0.016	0.343	-0.016	-0.016	0.003	0.716	0.054	0.062	0.054	0.000
	10	0.012	0.015	0.016	0.344	-0.016	-0.016	0.003	0.717	0.054	0.062	0.054	0.000
	D. Elasticity for Food (baseline = 0.7)									
	0.5	0.032	0.034	0.034	0.205	-0.030	-0.030	0.000	1.000	0.125	0.130	0.126	0.064
	0.6	0.020	0.023	0.023	0.275	-0.017	-0.017	0.001	0.811	0.074	0.082	0.074	0.000
	0.7	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.8	0.006	0.010	0.012	0.411	-0.018	-0.017	0.003	0.718	0.043	0.052	0.043	0.000
	E. Share of Non-Ricardian (baseline = 0.4)								
	0.3	0.017	0.020	0.017	0.093	-0.005	-0.004	0.003	0.613	0.050	0.057	0.050	0.000
	0.4	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.5	0.003	0.007	0.016	0.483	-0.031	-0.031	0.003	0.788	0.054	0.064	0.054	0.105
	0.6	-0.011	-0.005	0.016	0.574	-0.052	-0.051	0.001	0.866	0.051	0.065	0.057	0.251
	F. Capital Ratio (baseline = 0.33)									
	0.2	0.006	0.010	0.011	0.408	-0.022	-0.021	0.001	0.840	0.048	0.057	0.048	0.000
	0.3	0.012	0.016	0.016	0.332	-0.017	-0.016	0.003	0.735	0.055	0.064	0.055	0.000
	0.33	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.4	0.017	0.021	0.021	0.283	-0.011	-0.011	0.005	0.641	0.060	0.068	0.060	0.000
	G. Utilization (baseline = 0.015)										
	0.00	0.023	0.028	0.023	0.051	-0.010	-0.008	0.004	0.668	0.072	0.082	0.072	0.000
	0.010	0.016	0.019	0.018	0.276	-0.014	-0.013	0.003	0.696	0.060	0.068	0.060	0.000
	0.015	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000
	0.020	0.012	0.016	0.017	0.343	-0.016	-0.015	0.003	0.713	0.054	0.063	0.054	0.000

  Food firms minimize the expected costs subject to the production technology:𝑚𝑖𝑛 𝑁 𝔫,𝑡 𝑊 𝔫,𝑡 𝑁 𝔫,𝑡 + 𝑚𝑐 𝑡 𝐹 (𝑌 𝑡 𝐹 -𝐴 𝑡 𝐹 𝑁 𝔫,𝑡 )(48)where 𝑚𝑐 𝑡 𝐹 can be interpreted as the marginal cost for the respective firm. Assuming an interior solution, the first order condition yields:

		𝑚𝑐 𝑡 𝐹 =	𝑊 𝔫,𝑡 𝐴 𝑡 𝐹	(49)
		𝔫,𝑡 𝑈 𝜕𝐶 𝔫,𝑡	: 𝛬 𝔫,𝑡 =	-𝜌 (1 + 𝜏 𝑡 ) 𝐶 𝔯,𝑡	(46)
	𝜕ℒ 𝔯,𝑡 𝑈 𝜕𝑁 𝔫,𝑡	: 𝜓(𝑁 𝔫,𝑡 )	𝜒 =	𝛬 𝔫,𝑡 (1 -𝜏 𝑡 )𝑊 𝔫,𝑡 𝑃 ⃑ 𝔫,𝑡	(47)
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To our knowledge, the research by Ben Aissa and Rebei[2012] and[START_REF] Arseneau | Commodity price movements in a general equilibrium model of storage[END_REF] are the only two papers in the DSGE literature which consider food subsidies. Ben Aissa and Rebei[2012] show firms optimize output in the presence of subsidies on the supply side. Similarly,[START_REF] Arseneau | Commodity price movements in a general equilibrium model of storage[END_REF] develop a model which captures optimizing storage based on commodity price movements. Our paper is different to the literature considering it relates to household optimization with price subsidies which can alter the effective price of food that the household faces.

The IMF[2008a] also reveals sharp increases in food subsidies in 2008 relative to 2007, coinciding with the same period of the world food price increase.

We use the World Bank classification such that low-income economies are defined as those with a GNI per capita (Atlas method) below $1,005; lower middle-income economies are those with a GNI per capita between $1,006 and $3,955; upper middle-income economies are those with a GNI per capita between $3,956 and $12,235; high-income countries are those with a GNI per capita above $12,236.

Jha and Ramaswami [2004] find that the private sector in India is more efficient than the public sector in terms of lower costs in trading, marketing costs and storage costs.

A burgeoning literature[START_REF] Bilbiie | The New Keynesian Cross: Understanding Monetary Policy with Hand-to-Mouth Households[END_REF] and[START_REF] Kaplan | Monetary Policy According to HANK[END_REF] among others) shows that taking into account household heterogeneity allows for a better understanding of monetary policy indirect effects (endogenous amplification on output), as opposed to RANK models, that tend to over-estimate monetary policy direct effect (intertemporal substitution).[START_REF] Kaplan | Monetary Policy According to HANK[END_REF] have developed a Heterogeneous Agent New Keynesian (HANK) model where household heterogeneity includes a portion of poor households who behave in a hand-to-mouth fashion, combined with a wealthy hand-to-mouth manner. Thus, in the HANK model the direct effects of changes in the interest rate on demand is not as important than its indirect effect (different assets with different yields, borrowing constraint not always binding, etc.). Finally, Debortoli and Gali[2017] show that TANK models can be viewed as a "tractable framework that captures well the predictions of HANK models".

Similar to[START_REF] Stähler | FIMOD -A DSGE Model for Fiscal Policy Simulations[END_REF], we incorporate government revenues that adjust to changing leverage, thereby ensuring stability.

See Medina and Soto [2007].

This implies all agents face the same price level, i.e. there is no price distortion (𝜋 𝑡 = 𝜋 𝑡,𝑖 ).

The IMF[2008a] argues that subsidies were poorly designed. According toMcDermott [1992] food subsidy targeting programs are typically not well established for two reasons. Firstly, better targeting can reduce support for the subsidy, thereby reducing the beneficiaries. Secondly, there is a "tradeoff between better targeting and the increased risk of civil unrest or demands for wage increases" (p. 8).

The average value for financial access in our sample is 50%. However, 𝜆 represents households with binding financial constraints, which is intuitively lower than the financial access sample (Table2).

This implies one-third of manufacturing firms will reset prices each quarter.

This relates to the real wage is equivalent to productivity, i.e. 𝑊 𝑡 𝐹 = 𝐴 𝑡 𝐹 𝑃 𝑡 𝐹 . If productivity is assumed to be constant, an exogenous increase in the world food price coupled with a strong pass-through, can put upward pressure on non-Ricardian wages.

To provide further inference, the food sector wage is a linear function of the exogenous food price. Furthermore, as labor is the only technology factor, a reduction of non-Ricardian labor can reduce food production.

This is because non-food production is also more stable; a larger production means larger profit, wage etc. to be taxed and therefore fiscal debt burden is lower.

While Anand et al. [2015] do not include investment in their model (they focus on domestic productivity shocks), our findings strongly overlap with theirs: headline inflation is a better policy in terms of stabilizing output.

Note that headline inflation targeting and distorted inflation targeting welfare are identical since 𝜅 𝑖 = 0.

The threshold is around 0.5 for Models I and II (see Table6 and 7) and is around 0.6 for Model III (Table8). Therefore, in high income countries where the share of credit constrained households is low, the policy recommendation would not necessarily imply a monetary or fiscal reaction to a food price shock.

See e.g. Fernández-Villaverde and Rubio-Ramírez [2006].

See e.g. Fernández-Villaverde and Rubio-Ramírez [2006].

Note: the null hypothesis of each test is that both distributions (countries with controlled or market prices) is the same. The p-values in gray indicate where the null has been rejected based on a 5% cut-off.