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Abstract

Using data from a selection of Latin American countries affected by El Nifio-Southern Oscil-
lation climate phenomena, we observe that extreme weather events can be highly disruptive
for an economy, particularly in the agricultural sector, while also giving rise to inflationary
pressures. Motivated by these findings, this paper examines the optimal stabilization policies
for a climate-vulnerable economy with two segmented sectors: agriculture (producing food)
and manufacturing. In response to climate disasters affecting agriculture, it is found to be
optimal to increase fiscal transfers to farmers while maintaining core inflation at its target
level. Deviating from the optimal policy mix results in smaller welfare losses as long as core
inflation remains stabilized.
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1 Introduction

How should a benevolent government conduct stabilization policy in reaction to weather shocks?
What is the optimal policy response to the increased severity of extreme weather events, such
as prolonged heat waves, hurricanes, or floods? The answer to these questions is not obvious
as there are several factors to consider. One is that adverse weather events can are particularly
disruptive for agriculture (IPCC, 2023), leading to a reduction of production in this sector,
and asymmetric inflationary pressures. Moreover, if the structure of the economy is highly
segmented, such that labor is sector-specific and some individuals have no access to financial
markets, some redistributive policies are necessary to alleviate the adverse effects hurting the
most vulnerable individuals while the scope of monetary policy can become narrow. For instance,
after an adverse weather shock, the fraction of the population that is more vulnerable may not
fully benefit from an accommodative monetary policy that tries to revive the economy. As a
result, the monetary policy strategy of leaning against the wind and maintaining price stability
might not necessarily be optimal for all sectors (one size does not fit all!), while balanced-budget
redistributive fiscal policy alone might not be sufficient to stabilize the economy. Therefore,
in such circumstances, the design of the optimal policy mix in the face of weather shocks is
particularly challenging and requires careful consideration of the economic structure, the severity
of weather events, and the potential reallocation effects across sectors.

In this paper, we tackle these climate-related challenges with a focus on emerging economies,
where the size of the agriculture sector is relatively large. To motivate our analysis, we start by
showing some empirical evidence on the effects of adverse weather events on agriculture, GDP,
and prices for a selection of Latin American countries. We then build a theoretical model able
to fairly reproduce the dynamics observed in the data and then use it to study the optimal fiscal
and monetary policy mix in response to weather shocks.

In the last decade, with rising awareness of climate change issues, the economic literature has
devoted increasing attention to the so-called ‘physical risk’ for the economy. Notably, physical
risks refer to the potential for direct or indirect harm to physical assets, infrastructure, and
ecosystems caused by climate-related events. In this respect, an important distinction should
be made between chronic risks, which are associated with longer-term shifts in climate patterns
(e.g., sea level rise and ocean acidification), and acute risks, which are associated with extreme
events (e.g., hurricanes, prolonged heatwaves, and droughts).’

In this strand of literature, particular attention has been devoted to the response of agricul-
tural production to weather fluctuations and climate change. Indeed, due to its direct exposure
to weather conditions, agricultural yields are highly sensitive to fluctuations in temperatures
and precipitations. The literature documents significant negative impacts of climate change on
agricultural production, with negative spillovers to the rest of the economy. The negative effects
are found to be stronger for temperate and tropical regions, and for low-income countries. See
Schlenker et al. (2007), Challinor et al. (2014), Acevedo et al. (2020) and Gallic and Verman-
del (2020). One further complicating factor for the analysis of the economic impact of climate
change on agriculture is the non-linearity of the effects. Indeed, while a moderate increase
in temperatures may be somewhat beneficial for crop production, extreme temperatures and
precipitations may be seriously detrimental to crop yields, as shown by Schlenker and Roberts
(2009).

Recently, the literature has also focused on price dynamics, particularly on the response of

1On ‘physical risk’, see, e.g., NFGS (2023b). On the detrimental effect of warmer temperatures on economic
activity, see, e.g., Dell et al. (2012), Dell et al. (2014) and Deryugina and Hsiang (2014). For a quantification
of the impact of extreme weather conditions and natural disasters, see Yang (2008) and Hsiang (2010), among
others.



crop prices to extreme weather events, and on the implications for food prices and inflation
dynamics in general. Several studies find strong evidence of significant crop price increases as
a result of weather shocks, especially for cultures dedicated to local markets. See, e.g., Fox
et al. (2011), Mirzabaev and Tsegai (2012), Brown and Kshirsagar (2015) and Baffes et al.
(2019). Looking at a more aggregate level, other papers have found a negative effect of weather
variation on consumer price stability. Heinen et al. (2019) investigate the effect of extreme
weather shocks on prices and find that rare hurricane and flood events in the Caribbeans induce
significant welfare losses due to price increases. Using sub-categories of consumer price indices,
Gautier et al. (2023) find that headline inflation is driven by a surge in food prices, while prices
in other sectors (e.g. for manufactured products) might decline. In the same vein, Parker (2018)
finds that natural disasters, such as storms, generate food price inflation in the short run. The
paper also finds heterogeneous effects of natural disasters on inflation dynamics depending on the
level of development, with stronger responses for developing countries. In their analysis for the
euro area countries, Ciccarelli et al. (2024) find that increases in monthly mean temperatures,
via their impact on food, energy, and services prices, have inflationary effects in summer and
autumn, especially in warmer countries. Focusing on emerging and advanced countries, Faccia
et al. (2021) confirm that hot summer temperatures increase food prices, especially in emerging
market economies. More broadly, Cashin et al. (2017) investigate the role of the El Nino-
Southern Oscillation (ENSO), a periodic climatic phenomenon that has worldwide atmospheric
implications.” The paper identifies short-run inflationary pressures after an ENSO event in
many countries, while the impact on economic activity is more heterogeneous.

Given the well-documented evidence of the potential threat that climate change and weather
shocks pose to price stability, it is not surprising that climate change considerations are becoming
increasingly important also for central banks in the conduct of monetary policy (e.g., Carney
2015, Rudebusch et al. 2019, Lagarde 2021, NFGS 2023a). With the impacts of climate change
increasingly materializing around the world, it is crucial to understand the effects of weather
shocks on output and inflation, as well as the role that monetary policy can play in response
to these events. In this regard, a growing body of economic literature has been focusing on
the role of monetary policy in addressing climate-related risks. Most of these studies explore
the impact of transition risks on price and/or financial stability and identify potential room for
stabilization policies from central banks, while others explore the potential role of conventional
or unconventional monetary policies in greening the economy (e.g., Diluiso et al. 2021, Ferrari
and Nispi Landi 2023, Giovanardi et al. 2023, Annicchiarico et al. 2024) or the optimal monetary
policy in response to climate policy shocks (e.g., Carli et al. 2025).

Less is known, however, about the optimal response of central banks to mitigate weather
shocks and physical risks more broadly and about the implications of the asymmetric effects
of these shocks on the economy. While several papers highlight the importance of physical
risks for price and financial stability (Batten et al. 2016, Sanchez 2022), few explicitly address
the implementation of monetary policy responses. A contribution in this direction is given in
Economides and Xepapadeas (2024), who model weather shocks as negative productivity shocks
to examine whether monetary policy should account for the adverse impact of climate change
on economic productivity when designing policies to stabilize the economy over the business
cycle. Another recent contribution to this question is provided by Cantelmo et al. (2024), who
compare the performance of various monetary policy rules in disaster-prone countries. They
find that focusing on price stability through an inflation-targeting policy appears to be optimal
for central banks. On the other hand, the fiscal responses induced by natural disasters have
been more extensively studied by the economic literature, mainly for investigating government

2For an overview of the essential features of the ENSO, see Neelin (2010).



spending or public deficit implications (see, for example, Noy and Nualsri 2011, Melecky and
Raddatz 2011 and Bayar and Yarbrough 2024 or Deryugina 2022 for a comprehensive review).

However, as noted, the asymmetry of climate-related shocks between sectors poses addi-
tional challenges to policymakers in the design optimal stabilization policies. Moreover, the
segmentation of sectors introduces further complexity that has yet to be addressed. To the best
of our knowledge, these challenges have not yet been addressed in the literature exploring the
effects of climate-related shocks, leaving policymakers without clear policy recommendations.
Furthermore, since the coordinated actions between different policy areas can better address
adverse weather events and ensure more effective stabilization, we argue that it is crucial to
study optimal policy responses that consider both fiscal and monetary policies simultaneously.

This paper seeks to fill this gap in the literature by focusing on low-income and emerging
countries, where the impact of weather shocks on the agricultural sector is expected to be more
severe than in high-income countries, and where a larger proportion of the population is directly
exposed to these effects. In particular, this paper investigates the optimal stabilization policies
that fiscal and monetary authorities can adopt to mitigate the negative impact of adverse weather
shocks that may hit the economic sectors asymmetrically.” We focus especially on policymakers’
immediate response to natural disasters, and assess how monetary and fiscal policies can be set
optimally to mitigate the short-term impacts of weather shocks, without considering longer-term
adaptation measures.

In the first part of the paper, using data on five Latin American economies, Bolivia, Chile,
Colombia, Ecuador, and Peru, we show how adverse weather events, particularly under the
influence of ENSO phenomena, can be disruptive, giving rise to a sharp contraction in agriculture
and asymmetric inflationary pressures. We then rationalize these empirical findings through the
lenses of a calibrated model we use as a laboratory for our normative analysis. In particular, we
present a variant of the standard New Keynesian sticky-price model, from which we make several
departures. First, the economy consists of two sectors with heterogeneity in price stickiness:
a modern manufacturing sector and a rural agricultural sector, where agents have no access
to financial markets. Second, production inputs, including labor, are sector-specific. In this
respect, the economy presents a certain degree of “dualism”. Third, we introduce weather
shocks assuming that adverse weather shocks can damage farmland, which can be repaired
only by sustaining extra costs in production goods (fertilizers, pesticides, chemicals, seeds, etc.)
purchased from the manufacturing sector.

The public sector is represented by a Ramsey planner that controls the short-term nominal
interest rate and can levy a lump-sum income tax on households in the modern sector to finance
fiscal transfers in favor of households in the rural sector. Via the monetary instrument, the
public sector exerts its influence primarily on the manufacturing sector and only to a limited
extent on the agriculture sector. Via a tax-transfer scheme, the public sector can affect both
sectors, although its ability to stabilize the economy in response to adverse weather shocks is
limited by the existence of budgetary constraints.

With this tool in hand, we explore several policy combinations. First, we consider a Ramsey
planner jointly selecting monetary and fiscal policies. Second, we analyze the scenario where
a Ramsey planner controls monetary policy under a predetermined fiscal policy. Finally, we
investigate a Ramsey planner controlling fiscal policy, assuming monetary policy is governed by
an interest-rate rule. These scenarios are motivated by the varying institutional settings where
monetary and fiscal authorities may differ in their levels of commitment.

3From this perspective, our paper is also related to the literature that looks at the implications of heterogeneous
(and segmented) sectors for the transmission of shocks (see, e.g., Bouakez et al. 2014 and Carvalho et al. 2021)
and the conduct of monetary policy (e.g., Aoki 2001, Woodford 2003 and La’O and Tahbaz-Salehi 2022).



The results of our normative analysis suggest that for a benevolent government, the optimal
response to weather shocks is to increase transfers to farmers so as to sustain them in their
recovery. This policy should be accompanied by the stabilization of core inflation while allowing
headline inflation — driven by rising food prices — to increase freely. In doing so, the monetary
policy further favors the recovery of farmers from the shock by improving their terms of trade
over the adjustment process.

When the policymaker has access only to monetary policy, the optimal policy results in
a dynamic response of the economy that qualitatively mimics that observed under full policy
optimization, but with a sharper fall in farmers’ consumption due to the absence of access to the
fiscal instrument. Conversely, when optimal fiscal policy is conducted in isolation, the optimal
strategy requires initially reducing the tax burden on households in the manufacturing sector
to support production, which is necessary for the recovery of agriculture. The welfare analysis
indicates that deviating from this optimal policy mix results in smaller welfare losses as long as
core inflation remains stabilized. However, if the shock hits symmetrically both sectors of the
economy, then the optimal policy prescribes targeting headline inflation.

Finally, in reaction to increased volatility in weather shocks affecting the agriculture sector,
the optimal stabilization policy requires further increases in transfers in favor of farmers to
induce investments in adaptive measures that enhance agricultural resilience. Also, in this
context, price stability is found to be an optimal policy strategy.

The remainder of the paper is organized as follows. Section 2 presents evidence of the impact
of adverse weather events in a selection of Latin American countries. Section 3 introduces the
two-sector New Keynesian model we use as a laboratory for our normative analysis. Section 4
describes the calibration and examines the response of the economy to an adverse weather shock
affecting agriculture in the absence of optimal policy. Section 5 explores the optimal fiscal and
monetary policy mix in response to weather shocks, while Section 6 presents some concluding
remarks.

2 Weather Shocks in Emerging Economies

This paper is motivated by the need to study the challenges faced by policymakers in emerging
and developing economies, where a sizable share of the gross domestic product is represented
by agriculture, a characteristic that heightens their vulnerability to natural disasters driven by
climate change. Although many countries face similar climate-related risks, our analysis focuses
on five Latin American countries: Bolivia, Chile, Colombia, Ecuador, and Peru. These countries
share two key features that make them particularly relevant to our study.

First, the countries listed above follow the Andes Mountain range in South America and have
direct access to the Pacific coast (except for Bolivia, a land-locked country). While they cover
a large surface (more than 4,500 km?), are very heterogeneous in terms of climate, and exhibit
significant internal climate diversity, they all are exposed to the El Nifio-Southern Oscillation
(ENSO) phenomenon (see Lin and Qian 2019), which influences the countries’ temperatures
and intensity of their precipitations, and increases the probability of the occurrence of natural
disasters.” For illustrative purposes, Figure | presents the total number of natural disasters —
including floods, droughts, storms, extreme temperatures, wildfires, and wet mass movements
— for our five countries of interest from 2001 to 2022, obtained from the Emergency Events
Database (EM-DAT) developed by the Centre for Research on the Epidemiology of Disasters.
We observe that natural disasters tend to occur with a higher probability during or right after
an ENSO event. Figure A-1 in Appendix A decomposes this analysis by country, revealing that

4See Cai et al. (2020) for a comprehensive review of the effects of ENSO events on Latin American countries.



no particular country drives this feature. The IPCC has documented the growing vulnerability
of these countries to climate change, particularly due to the increasing frequency and intensity
of extreme events. In particular, Chapter 12 of the IPCC Assessment Report 6 (Working group
2, see Castellanos et al. 2022) points out the increase in rainfall variability during ENSO events,
with more severe heatwaves for some regions (in Chile or Colombia, for example), while in others
more heavy rains and floods are expected.

Additionally, the data indicate that ENSO events tend to amplify the variability in natural
disaster occurrences. Table A-2 compares the standard deviations of the occurrence of these
shocks during or immediately after an ENSO event. We find that standard deviations increase
for most of the countries, a pattern that holds even when the data are pooled for a combined
analysis.

Figure 1: Number of Natural Disasters Occurring in a Selection of Latin American Countries
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Notes: The points correspond to the quarterly total number of natural disasters (including floods, droughts, storms, extreme
temperatures, wildfires, and wet mass movements) of the five countries of the sample (Bolivia, Chile, Colombia, Ecuador,

and Peru). The grey areas correspond to ENSO phases (both warm and cold phases).
Source: EM-DAT and NOAA. Authors’ computation.

Another reason pushing us to select these countries is due to the non-negligible role the
agricultural sector plays in their economies. Although the contribution of this sector to the
GDP has decreased over time, becoming less significant as a country’s income rises, agriculture
still employs an important share of the population. The share of employment in the agricultural
sector over total employment varies from 10.42% in Chile to 32% in Bolivia, on average, from
2001 to 2022.” Interestingly, the decrease in employment appears to be stable over time and not
necessarily correlated to ENSO events, as shown in Figure A-2. As a result, a significant portion
of the population is directly affected by a weather shock, leading to an immediate contraction
in their income. This sector is also characterized by low use of financial tools, due to limited
access to credit, particularly for smallholder farmers. As a result, most of the literature has
found, following a weather shock, a sharp decrease in agricultural production and productivity

5By way of comparison, agriculture accounted for 1.73% of total employment in the United States and 5.72%
in the European Union over the same period.



(Dell et al. 2012, Schlenker and Roberts 2009) and in farmers’ incomes (Deryugina and Hsiang
2014, Amoon et al. 2021) and, an increase in households’ vulnerability and income inequalities
(Sietz et al. 2012,Aggarwal 2021, Cappelli et al. 2021, Zapata 2023).

Table A- l in Appendix A summarizes the d1fferent sources of data we use for the empirical
analysis we perform in the next section. In addition, Table A-3 presents some descriptive
statistics of a selection of macroeconomic variables for the five countries in our sample.

2.1 Empirical Analysis

In this subsection, we carry out an empirical analysis using local projections a la Jorda (2005) to
understand how key macroeconomic variables react to natural disasters. A similar exercise has
been carried out in Parker (2018), over a large set of countries to examine the price response to
extreme weather shocks. We differ from that work in the sense that we investigate the effect of
the occurrence of a natural disaster rather than the intensity, over a smaller set of countries but
for multiple key economic variables used in our model: the growth rate of the agricultural sector
value added, the growth rate of the GDP, the relative price of agricultural goods compared to
the general price level and the consumer price index inflation.

Thus, for each of the aforementioned variables, we project the evolution of their growth rate
relying on the model of local projections in a panel dimension such as Acevedo et al. (2020):

Yei+h =Cteq + Qe + ThWet + YUn(L) Xe + €cpip, (1)

where y. ;45 is the variation in the variable of interest (alternatively, the growth rates of agri-
cultural value added, of the GDP, the relative agricultural prices, and the CPI inflation) in the
country c¢ at predicted time t + h, aicqp and a.p are, respectively, quarter (¢) and regional
fixed effects;” 7, is the vector of estimated parameter vectors assessing the effect of the natural
disasters w, ¢, occurring at time t; X; represents the set of the control variables we introduce in
the model, here the country-specific CPI inflation, US inflation, and the oil inflation rates, all
taken with a one-quarter lag; v, is the vector of corresponding estimated parameters. Finally,
€c,t+h 18 the error term for the estimation at the horizon h.

Figure 2 below presents the response for the four economic variables of interest after the
occurrence of a natural disaster, using the coefficients obtained estimating (1). We observe an
overall detrimental effect of natural disasters on economic outcomes. The occurrence of an ex-
treme weather shock leads to an immediate contraction in the agricultural sector’s production
by 0.5 percentage points. The GDP growth tends to increase, but the variation is not signi-
ficative. This result may be driven by the rise in the demand for material inputs employed for
reconstruction and land restoration purposes.

Regarding prices, the agricultural price index rises more than the general price index. The
relative price increases by 0.6 percent on impact and remains persistently higher for over four
quarters. Additionally, the shock leads to inflationary pressures with a lagged effect, with
inflation going up to 0.15 percentage points two quarters after the shock. These findings align
with the estimates of Gallic and Vermandel (2020) for New Zealand, Crofils et al. (2024) for
Peru, and Parker (2018) for headline inflation, both in terms of magnitude and direction.

In addition to these results, we want to see whether the responses may differ depending
on the state of the ENSO phases. Given that the number and variability in natural disasters
occurrence appears to increase in general with ENSO events (see Table A-2), we investigate here
whether farmers may anticipate this increase in risk and if thus the effects are lower or higher

5We also add two annual fixed effects for 2009 and 2020, controlling implicitly for the Global Financial Crisis
and the Covid-19 crisis, respectively.



Figure 2: Response of Key Economic Variables to a Natural Disaster
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Source: Authors’ estimates.

than in our baseline estimation. We use the local projections as in our baseline but augmented
with a state variable that allows for non-linear responses, as in Auerbach and Gorodnichenko
(2012). Instead of using a smooth transition variable, we define the ENSO phases using a dummy
variable I;_; that takes value 1 if an ENSO event occurs (without distinguishing between El

Nino and La Nina), and 0 otherwise.” Equation 2 below details the model:

ENSO ENSO ENSO ENSO
Yet+h =lt—1 (atEq toep + T Wet + Uy, (L)Xt> +

+ (1 _ It_l) (at)éoqrmal + acljﬁrmal + ,n_hNormale’t + whNormal(L)Xt>+
+ €c,t+hs (2)

where the superscript ENSO refers to the estimated parameters corresponding to an ENSO
phase, while Normal stands for parameters estimated for periods outside ENSO phases. The
variables remain unchanged with respect to Equation 1.

This distinction in ENSO phases highlights the fact that a weather shock has a more detri-
mental effect when it happens during or right after an El Nifo event. In such cases, agricultural
production tends to decline more sharply. While GDP growth may increase for one quarter, we
observe no strong and long-lasting effects on this variable. More interestingly, agricultural prices
appear to be significantly affected only during an ENSO phase, driving the results we obtained
in the linear exercise above. On the contrary, inflationary effects on the CPI are significant only

"An El Nifio (or La Nifia) event is defined by a five consecutive three-months periods with an Oceanic Nifio
Index (ONI) above 0.5 (or below -0.5 for a La Nifa event).



Figure 3: Response of Key Economic Variables to a Natural Disaster
ENSO v. Normal Conditions
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when the shock happens outside of an ENSO phase. This result suggests that unanticipated
shocks happening outside ENSO phases may have more inflationary effects on CPI prices, while
agricultural prices may not increase as much. This finding contrasts with Natoli (2023), who
found that unexpected temperature shocks in the US tend to decrease inflationary pressures.

Given these results a natural question arises: what is the optimal policy mix in response to
whether shocks? To address this question, in the next section, we introduce a theoretical model
designed to fairly reproduce the observed dynamics and the characteristics of the economies
considered in this section, and explore the optimal monetary and fiscal policy mix that can
effectively mitigate the adverse effects of weather shocks on the agricultural sector while ensuring
macroeconomic stability under different weather conditions.

3 The Model Economy

The model economy consists of a variant of the New Keynesian model with two sectors: the
agricultural sector and the non-agricultural sector. Each sector produces a specific good that is
exchanged with the other. In the agricultural sector, consumers subsist by working as farmers
and exchanging their produce for non-agricultural goods, which they use for consumption and
to buy what is needed to improve land quality. In this sector, prices are flexible, and farmers
are price takers. The non-agricultural sector consists of households that derive utility from
consumption and leisure. On the production side of this sector, monopolistic competitive firms
produce differentiated goods and face price adjustment costs d la Rotemberg (1983). On top of
these producers, there are final-good producers who simply combine the differentiated goods into
a bundle that is then sold in a perfectly competitive market. The total population is constant and



normalized to one. Labor is sector-specific and, therefore, not mobile between sectors implying
that households remain in the same sector. In the spirit of Lewis (1954), the structure of the
economy is then meant to capture a certain degree of dualism, where a traditional agricultural
sector coexists with a modern non-agricultural sector, primarily identified with manufacturing.”
The public sector that controls the short-term interest rate and the tax-transfer scheme is
assumed to be benevolent in the Ramsey sense; that is, the public sector aims to achieve the
decentralized equilibrium that maximizes social welfare and has the ability to commit to its
promises, preventing it from reneging on its commitments. See, e.g., Schmitt-Grohé and Uribe
(2004).

3.1 Agricultural Sector

The agricultural sector is populated by a mass sp € (0,1) of identical households that derive
their subsistence from the land they own and, in part, from fiscal transfers, consuming a portion
of their production while selling the surplus to the rest of the households. The proceeds from
selling excess produce are used to purchase material from the manufacturing sector and cover
the land costs necessary to restore land and rebuild livestock. These agents do not have access to
financial markets, and the only way they can smooth out consumption over time is through their
spending on the quality of land.” We refer to these agents as farmers and use the superscript F'
to indicate the economic variables which refer to them.

Farmers earn their living from agricultural production according to the following Cobb-
Douglas technology:

Yt = Ba ()L )™ (HE ), 3)

where Y;A is the quantity produced, ay € (0,1), B4 > 0 is a measure of the total factor
productivity, L | is the amount of land used by a farmer to produce and H/" denotes the time
spent farming, while the term Q(e}") is a function representing the fraction of land that can be
lost following an adverse weather shock }”. As in Gallic and Vermandel (2017), it is assumed
that the land evolves according to the following law of motion:

L =(1-60)Qe)Li, + Vi, (4)

where &7, € (0, 1) is the natural decay rate of land and V" is a variable representing the quantity
of non-agricultural goods needed to restore land and keep its level of productivity. In this
sense, the stock variable land can be interpreted as a catch-all production factor embodying all
accumulable factors necessary for agricultural production, such as hectares of arable land and
machinery, while VtF includes both investment goods and input materials such as pesticides,
herbicides, fertilizers, etc. To capture the fact that agricultural production depends on weather
conditions and account for the potential damage caused by weather shocks, following Gallic and
Vermandel (2020) and in the spirit of the Integrated Assessment Models pioneered by Nordhaus
(1991), we introduce the damage function that determines land productivity in the following
way:

Q) = (&), (5)

8The variant of the New Keynesian model we propose is similar to the two-sector model presented in Aoki
(2001), which features both a flexible-price sector and a sticky-price sector. However, our model differs in that
markets are incomplete, resulting in households from different sectors having distinct consumption paths and,
therefore, in consumption misallocation. See Section 3.5. Additionally, in this model, the two sectors are inter-
connected, as restoring productive land requires materials produced in the manufacturing sector.

9This assumption will be removed in Appendix E.
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where 6y > 0 represents the elasticity of land productivity with respect to the weather shocks,
eV, in turn evolving exogenously according to the process

logel = pwlogelVy + ", (6)

where py € [0,1) is the persistence of the weather shock, while n}" is assumed to be identically
and independently distributed with mean zero and standard deviation equal oy. Depending on
the size of the persistence, a positive realization of n}"" can potentially give rise to a prolonged
episode of extreme weather conditions that damage crops and livestock.

Each household derives utility from consumption and disutility from labor, so that the life-
time utility function is of the form

oo F\1+
H ) NH
U =Eg "l log(Cf) - H(fi 7
0 ;)6 g( t ) X 1 + g ) ( )
where Ey denotes the rational expectation operator, 8 € (0, 1) is the subjective discount factor,
Cf is a consumption basket composed by agricultural goods, C’f;’t and manufacturing goods,
C’fu, while ny > 0 is the inverse of the Frisch elasticity of labor supply, and xj is a scale
parameter measuring the relative disutility of labor and pinning down the steady state of hours
worked. We assume that the representative farmer allocates their consumption between the two
goods according to a CES function:

p=1 p=l

M
1 1 p=17 %=1
cf = [t Cf T + - pFch, | ®

where 1 > 0 is the elasticity of substitution, while ¢ € (0,1) denotes the share of agricul-
tural goods in the total consumption basket. The cost minimization conditions imply that, at
the optimum, the quantity demanded for each good is C’Xt = (PtA / Pt) Cl and C’ﬂt =(1-

) (PtM / Pt) Cf', where P and PM denote the nominal price of the agricultural and manufactur-

1
ing goods, while P is the ‘ideal’ consumption price index: P; = {go(PtA)l_“ +(1- go)(PtM)l_“} e
Since in this sector, households earn their living only from agricultural production, the flow
budget constraint faced by the typical farmer is

(ve)”

ov
where ¢y > 1 and 7y > 0 are parameters that determine land restoration costs, while Trf7
measures the amount of fiscal transfers, defined in real terms, farmers may receive from the
public sector.

The representative farmer chooses the set of variables {Cf, H}', V;I', LI’} so to maximize
the expected lifetime utility (7), given prices, fiscal transfers, the initial stock of land L ;, the
available technology (3), the land time evolution process (1), the damage function (5), the flow
budget constraint (9), and the realization of the weather shocks (8). See Appendix B for further
details. Note that these agents do not have access to financial markets, therefore the only way
they have to smooth out their consumption over time is through decisions regarding the amount
of resources to be spent on land.

PtA<Y;eA - Cg,t) + PtTTf = PtMCJ\F/‘[,t + PtMTV

(9)
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3.2 Manufacturing Sector

In the manufacturing sector, there are three agents: (i) a continuum of monopolistically com-
petitive firms, each of which produces a single horizontally differentiated intermediate good, (ii)
perfectly competitive firms that combine intermediate goods to produce the final manufacturing
firm, and (iii) a mass of identical households that consume, offer labor services, and rent out
capital to firms in the manufacturing sector.

3.2.1 Final Good Producers

We assume the existence of a mass 1 — sp of identical and perfectly competitive final-good pro-
ducers whose individual production is denoted as YtM . These producers combine differentiated
intermediate manufacturing goods according to a CES technology:

[
v 1 1=sF _ N -1
tM B (1 — Sp /0 jj’\gl(e 1)/0(1]) ’ (10)

where Yj]‘{[ denotes the quantity of the generic intermediate good 7, while 6 > 1 is the elasticity
of substitution between differentiated intermediate goods. In the optimum, the typical producer
minimizes total costs so that the demand function for the generic intermediate good j is Y]J‘f =

1
1-0

—0 1-6
(ijff /PtM> Y M where PM is the ‘ideal’ price index PM = {11” 0175F (PJA{ ) dj

that, given the assumption of perfect competition determines the price at which manufacturing
production is sold.

3.2.2 Intermediate Goods Producers

The manufacturing sector consists of a continuum of monopolistically competitive producers

indexed by j € (0,1 — sp). Each producer hires sector-specific labor inputs, HY,, and physical

]7t,
capital K ft_l in perfectly competitive factor markets to produce the manufacturing good Y]{‘f

using the following Cobb-Douglas technology:
Vi = Bug (K, )™ (H]) o (11)

where ays € (0,1) and By > 0 measures the level of total factor productivity. Each producer
has monopolistic power in the production of its own specific good and, when setting its price,
faces quadratic adjustment costs as in Rotemberg (1983), measured in terms of the final good,

2
equal to (xp/2) (P]]\f / P%l — 1) PMYM where xp > 0 captures the degree of price rigidity.
Note that for the factor inputs, we are using the superscript F' to denote the variables referring
to non-farmers who own these factors.

)
Given the available technology (11) and the demand function Y]]‘t/[ = (Pj{‘f /PM ) Y M| the

problem of a typical j firm is then to choose the set of variables {H f:t, KF

it Pj{\f } to maximize
the expected discounted sum of profits

g cpr (P
F M~y M F kg F ; M~ M
o> Quo [Py Ve = WiHj, — RiKj, = - <P]\J/[ - 1) BEYE (12)
where Qf o is the nominal discount factor that agents use in period ¢ to value nominal profits and

is equal to the stochastic discount factor of non-farmers households, while W; and RF denote
the nominal wage and the rental rate of capital. See Appendix B for details.
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3.2.3 Households

There is a mass 1 —sp of households that work only in the manufacturing sector. As for farmers,
the typical non-farmer derives utility from consuming a consumption basket, Cf', and disutility
from labor, HY', and faces a lifetime utility function of the form:

_ 00 . _ HtF 14+ng
wf=w%[ggﬂ mecf>XH(1jnH)]. (13)

Likewise farmers, the non-farmers’ consumption basket CtF , is a composite good made of quan-
tities Cit of agricultural goods and Cf/[,t of manufacturing goods according to a CES function:

%
1 = p—1 1 A 1] %=1
cf = [oFCh 5 + - o)hcf, 7] (14)
therefore, the cost minimization conditions determine the quantity demanded for each good is
Cg,t = SDCtF (PtA/Pt) and C]}\?/[,t =(1- SO)CtF (PtM/Pt)-

Non-farmers are the sole owners and workers of the firms in the manufacturing sector and

own physical capital that they rent out to producers. The flow budget constraint of the typical
non-farmer household then reads as

pCF +PMIF + BF =w,HF + RFKF | + R,_\BE , + DF — PTF, (15)

where ItF is investment spending, B{I denotes the quantity of one-period risk-free nominal bonds,
B} | denotes the amount of bond carried from period t — 1, R;_; is the nominal (gross) interest
rate, W; is nominal wage, RF is the nominal rate of return on physical asset Ki 1 and Df
are dividends from ownership of firms. Finally, Ttp denotes lump-sum taxation. During each
period, a fraction dx of capital depreciates, requiring households to invest to compensate for
this decline. This gives rise to the standard law of motion for physical capital:

KF =1 -6x)KE, +1IF. (16)

The representative non-farmer household chooses {Cf , HtF , If , KtF , Bf } so to maximize the
lifetime utility (13), given prices, taxes, the risk-free nominal interest rate, the initial stock of
capital K} |, the budget constraint (15) and the accumulation equation of capital (16). See
Appendix B.

3.3 The Public Sector

The public sector controls the risk-free nominal interest rate R; and by jointly setting T}, T/}
decides over the tax-transfer redistributive scheme between the two sectors. However, in doing
so, the public sector is assumed to be constrained by a balanced budget rule so that at any time
it must be that the fiscal transfers directed to the farmers must be financed by the revenues
from taxes levied on non-farmers, that is

spTrf = (1 — sF)TtF. (17)

In the following sections, we explore several different ways in which the public sector sets
monetary and fiscal policies. First, we consider a Ramsey planner that simultaneously selects the
optimal monetary-fiscal policy mix. Then, we analyze the scenarios where a Ramsey planner
controls either monetary or fiscal policy, while the other policy is determined according to a

predetermined rule. As a benchmark case, we will also consider the case in which the policymaker
adopts non-optimal monetary and fiscal rules.
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3.4 Aggregation and Equilibrium Conditions

After aggregating all variables of the economy and imposing market clearing conditions on factor
and goods markets, the standard equilibrium conditions of the model economy can be derived.
See Appendix B, where a formal definition of decentralized competitive equilibrium is provided.
Since the economy is populated by a mass sg of farmers and 1—sg of non-farmers, the market
clearing condition for agricultural goods requires aggregate supply to be equal to aggregate

consumption, that is B
spY = spCh, + (1 —sp) Ch . (18)

For the manufacturing good, the market clearing condition is instead equal to

Pv
M xp [ B ’ F (%) F o qF
(1—sp) Y™ |1 - — — 1 = SF CM,t+TVT +(1 = sp) (Chpet1;), (19)
where we account for the price adjustment costs sustained to re-set prices and the fact that this
good is also used for investment purposes and to increase the quality of land. By combining
(18) with (9) the market clearing condition can be expressed in terms of exchange between the

two sectors:
()™

v,

(1—sp) PACE, = spPM | O+ 7v (20)

which simply implies that the total expenditure on agricultural goods by non-farmers must equal
the total expenditure on manufactured goods by farmers. The price ratio P4 /PM represents
the terms of trade for the agricultural sector.
For future reference, we also define aggregate total real production in the economy, say Yz,
as:
PY; = spPAYA + (1 — sp)PMYM. (21)

Finally, we define core inflation as the (gross) inflation rate in the manufacturing sector,
measured as IIM = PM/PM, . Headline inflation is, instead, defined as the inflation rate based
on the variation in the ‘ideal’ price index of a basket that includes both manufacturing goods
and agricultural goods (identified as food). This is measured as II = P,/P,_1. This distinction
will come in handy when discussing inflation dynamics under different policy scenarios.

Before turning to the study of the optimal policy response to weather shocks, in the next
section, we discuss some characteristics of the model economy that make the choice over the
optimal monetary-fiscal policy mix particularly challenging.

3.5 Sources of Inefficiencies, Dualism, and First Best Allocation

The model economy we use as a laboratory for our analysis of optimal policy presents some
sources of inefficiency that are common to New Keynesian models, along with some specific
characteristics to be ascribed to the ‘dual’ structure of the economy.

The first source of inefficiency arises from the assumption of costly price adjustments. No-
tably, this pricing assumption leads to a wedge between aggregate demand and aggregate output,
as resources are needed to adjust prices. This wedge vanishes in the absence of inflation. For this
reason, it would be optimal to stabilize prices in the manufacturing sector and have a zero-core
inflation policy.

Another source of inefficiency stems from the presence of monopolistically competitive firms
in the manufacturing sector. These firms set prices above marginal costs, leading to positive
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price markups and an inefficiently low level of economic activity. This is a static distortion from
standard monopoly analysis. As a result of costly price adjustments, markups are time-varying.
In response to shocks, price markups induce inefficient output fluctuations in manufacturing,
which call for monetary policy interventions.

In addition to the above distortions that derive from the New Keynesian structure of the
manufacturing sector, the economy is, in some respects, ‘dual’ in the sense that it is divided
into a rural, agricultural sector in which households work their own land and have no access to
financial markets and a modern manufacturing sector in which households earn labor income,
own firms, and have unconstrained access to financial markets and risk-free bonds. Moreover,
agents cannot move from one sector to another; that is, there is no labor mobility between
sectors.

To understand the implications of this segmentation of the economy, we can consider the
first-best allocation arising as a solution to the problem of a social planner problem maximizing a
utilitarian social welfare function given preferences, technologies, and the resource constraints of
the economy. See Appendix C. In the steady state, the efficient condition of land accumulation
reads as follows:

aA(HtF)l'H?H

F\14ng v—
A - 80 o) g (V) )

(1—anm)YM

where the term on the left is the present discounted value of the marginal benefit derived from
having an additional unit of productive land in the following period, while the term on the right
represents the marginal cost of restoring an extra unit of cultivable land, net of the next-period
marginal costs saved on land carried out from the current period.

In the decentralized equilibrium, the corresponding equilibrium condition is instead of the
following form:

aaxm(H ) m
(1—ay)L¥

_ F 1+nH _
r(H;) v (VF>¢V IMP’H’ (23)

X
. (= an) V"

= [1 =51 —0p)]

Condition (23) is different from condition (22) due to the term MP, which represents the
level of the (gross) price markup in a steady state with zero inflation, and H = C¥/CF, an
index of heterogeneity between the consumption levels of farmer and non-farmer households.
Clearly, there is consumption heterogeneity in favor of non-farmers if 4 > 1 and consumption
heterogeneity in favor of farmers if H < 1. Since MP > 1, imperfectly competitive markets
distort the decentralized steady-state equilibrium by making the marginal benefit of land exceed
its efficient level. This results in inefficiently low investment in land. Under perfect competition,
this term would vanish, but conditions (23) and (22) would still differ due to the term H.

In the first-best allocation, in fact, the entire production is confiscated by the social planner
and then redistributed equally across all households, eliminating consumption misallocation
and ensuring H = 1. In a decentralized equilibrium (even under perfect competition), since
households are stuck in one sector, their consumption levels can differ.!” This implies that
starting from an initial stock of land and capital in the decentralized competitive equilibrium,
consumption misallocation can occur.'' If # > 1, as it will be assumed in our initial calibration
without any fiscal policy scheme, the decentralized equilibrium results in an even lower stock
of land. Therefore, two factors contribute to the inefficient level of land accumulation in this

0Contrary to the two-sector New Keynesian model of Aoki (2001), in this model, markets are incomplete, so
households cannot insure one another against the difference of revenues that they could receive in future states.

11n principle, this misallocation could be corrected by a system of non-distortionary tax/transfer schemes,
which is in line with the second welfare theorem.
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economy: positive markups and dualism mainly resulting from market segmentation. The latter,
in turn, leads to consumption misallocation between rural and urban households.

In what follows, we will show that adverse weather shocks are likely to worsen the con-
sumption misallocation between farmers and non-farmer households while increasing inflation.
In Section 5, we will show that all these features introduce further trade-offs for the Ramsey
planner.

Finally, a further remark is needed here on the scope of monetary policy in this economy. It
should be noted that monetary policy has a direct influence only on consumption and investment
decisions among individuals in the manufacturing sector, where agents have access to financial
markets. Meanwhile, the consumption patterns of farmers are influenced by the value of agricul-
tural production, the available cultivable land (and therefore by weather events), and the terms
of trade, which determine farmers’ purchasing power. The influence of monetary policy on this
sector is, therefore, indirect. This limits the stabilizing role of monetary policy and its ability
to stabilize headline inflation in the face of an adverse weather event that primarily damages
agriculture.

4 Weather Shocks and Model Dynamics under a Non-Optimal
Policy Mix

In this section, we describe the dynamic behavior of the economy in the decentralized competitive
equilibrium for the non-optimal policy case.'” This case provides a useful benchmark for the
analysis of the optimal fiscal and monetary mix to which we turn in the next section. In
particular, we analyze the dynamic response of the economy to an adverse weather shock in
the decentralized competitive equilibrium in the absence of any redistributive policy, setting
Trf = TF = 0 and then assuming that monetary policy is conducted according to a standard

Taylor rule of the type:

() ()
R II Y
where non-indexed variables refer to steady-state levels, and ¢ > 0 and ¢, > 0 measure the
responsiveness of the nominal interest rate to changes in inflation and aggregate output. In
what follows, we first describe the calibration strategy and then present the dynamic behavior
of the economy in response to a weather shock in the simplest case in which monetary and fiscal
policies are not optimally set.

4.1 Calibration

The model is calibrated to reproduce an initial steady-state equilibrium of a fictive economy
reflecting some specific features of the five Latin American economies we have considered in
Section 2. Time is in quarters.'? Table | summarizes the values of the parameters. We partition
the model parameters into two groups: calibrated and fitted parameters.

4.1.1 Calibrated Parameters

We calibrate the first group of parameters using steady-state relationships and results from
related studies. Specifically, to match the empirical evidence, we rely on the statistics observed
for the five countries of our dataset, from 2001 to 2022, presented in Table A-3 in Appendix A.

12In Appendix C, we describe the dynamic response of the economy under the social planner’s solution.
13The model is solved using the Dynare package, using a third-order approximation perturbation method. See
Adjemian et al. (2022).
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Using data on our set of countries, we obtain an average quarterly nominal risk-free interest
rate of R —1 = 1.49%.The data also exhibit a trend in inflation, which we include in the steady
state of the model. Accordingly, we set the headline inflation rate, II — 1 = 7 to 1.04%, leading
to a quarterly real interest rate of 0.45%.'" We use this value to pin down the discount factor
of the economy ( to 0.9956, a value close to the standards of the literature. In the steady state,
core and headline inflation rates are equal, so IIM —1 = 7™ = 1.04%. We set the mass of farmers
in the economy sp = 0.2402 to match the average share of employment in the agricultural sector
in our set of countries, according to the World Bank. We set the steady-state relative price of
the manufacturing good PM /P to match the share of the agricultural sector in the economy
spPAY A /PY to 0.0746, close to the average we have observed in Section 2.

On the agricultural sector side, we first normalize the initial total endowment of productive
land, sp L, to 1. To calibrate the other parameters of the agricultural sector, we rely on the
estimates and calibration of Gallic and Vermandel (2020). We fix the natural decay of land
to 6, = 0.05 based on their corresponding estimate. Likewise, we set the elasticity of land
productivity to weather shock to 6y to 20.59. We also set the share of agricultural goods in the
consumption basket to ¢ = 0.15 and the elasticity of productive land to agricultural production
to ayq = 0.15 following their calibration. Concerning the land cost function, the curvature of
the function is fixed to ¢y = 1.76 to match the estimates of Gallic and Vermandel (2017) for
this parameter, while 7y is a scale parameter implied by the restrictions set on the relative
size of the agriculture sector and all the other parameters. The authors also estimated the
degree of substitutability between agricultural and manufacturing goods. Here, we diverge from
the value they obtain because we focus on a fictive emerging economy, where one can expect
that agricultural and non-agricultural goods are imperfect complements rather than imperfect
substitutes. In that sense, we rely on the estimations of Ginn and Pourroy (2022), who also
integrate a CES function for food and non-food consumption dynamics in their model for India.
While their estimate leads to a value of 0.71, we opt for a slightly higher degree of substitutability
by calibrating p to 0.8.

Concerning the manufacturing sector, we normalize aggregate production (1 — sz)Y™ to
one, and set the elasticity of capital intensity to output to ap; = 0.33, a common value in
the literature. The elasticity of substitution between manufacturing goods is fixed to 6 = 6,
a standard value and also consistent with the one of Cantelmo et al. (2024), while the degree
of price rigidity is set to xyp = 38.4928, so to be approximately equivalent to a probability to
keep the price unchanged between quarters of 0.7 in a Calvo’s pricing scheme. Finally, we set
the capital depreciation rate to dx = 0.025, a conventional value as in Gallic and Vermandel
(2020). For both types of households, the inverse of the Frisch elasticity of labor supply n' is
set to 1, a standard value in the literature. We normalize the steady-state values of the hours
worked for non-farmers to H¥ = 1/3, implying that non-farmers spend one-third of their time
working. Since we are assuming that households have the same preferences, the scale parameter
measuring the disutility of labor xp is also the same. As a result of this further restriction, H¥
is implied and is equal to 0.3773.

Finally, given the restrictions on the total endowment of land, aggregate production in
manufacturing, and hours worked in that sector, the remaining scale parameters are implied.
This is the case for the weights of labor disutility in the welfare function of households, xf, and
for total factor productivity, B4 and Bj; in the two sectors.

4 The average inflation rate reflects the influence of varying monetary policy frameworks across these economies.
See Table A-4.
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4.1.2 Fitted Parameters

The second group of parameters include the standard deviation of the weather shock oy, its
persistence py, and the two policy parameters ¢, and ¢, of the interest rate rule (24) that
determines monetary policy in the non-optimal policy scenarios. These parameters are fitted to
minimize the distance between the impulse responses implied by our theoretical model and the
empirical responses of Figure 3 in the ENSO scenario. Formally, the fitted parameters represent
the solution to the following problem:

A

© = min[Z — Z(Q)/’ I ~ Z(C)] (25)

where 7 represents the empirical impulse responses in Figure 3, ¢ denotes the vector of the fitted
parameters, Z(() is the model-implied impulse responses to an adverse weather event and X! is
a diagonal matrix reporting the empirical variances of the empirical impulse responses.'”. The
fitted parameters are reported at the bottom of Table 1. As we can see, the persistence of the
shock is close to zero, as expected, so the duration of the effects of the shock is carried solely by
the natural decay of land productivity dr,.

4.2 The Dynamic Response of the Economy to an Adverse Weather Event

In this section, we illustrate the dynamic behavior of our prototype economy in response to an
adverse weather shock. Note that according to equation (24), monetary policy targets headline
inflation. Figure 4 illustrates the response of key macroeconomic variables to an adverse weather
shock. The response of the economy is as expected and consistent with the results discussed in
Section 2. The shock negatively impacts cultivable land, leading to a sharp decline in agricultural
production and, consequently, in the consumption levels of farmers. To restore land productivity,
farmers are forced to reduce their consumption further to purchase production goods from the
manufacturing sector.

In the manufacturing sector, the shock propagates through different channels. First, the
increase in the relative price of agricultural goods negatively affects the consumption of non-
farmers. Since the two goods are imperfect complements, there is also a fall in demand for
manufacturing goods, which is not compensated by the higher demand for production goods
of farmers. Monetary policy, which responds more intensively to the rise in headline inflation
than to the output contraction, is restrictive. This results in a further decrease in consumption
among individuals in the manufacturing sector, worsening the recessionary effects of the weather
shock for this sector. As a result, we observe that the negative weather shock immediately
triggers an increase in the price markup that further exacerbates the inefficiency inherent to the
decentralized market equilibrium.'°

Inflation dynamics in the manufacturing sector result from two opposing effects. On one
hand, marginal costs initially decrease due to the contraction in production caused by the
initial drop in demand. On the other hand, the rise in the relative price of the flexible-price
good creates inflationary pressure in the sticky-price sector via a reallocation of demand toward
manufacturing goods, magnified by the need of farmers to restore land. The initial decline in

5The variables we consider are the output in agriculture, Y, output Y, the relative price of agriculture
production P4 /P, and headline inflation II. The parameters are fitted so to be restricted to belong to the
following intervals: o, € (0.001,0.005), pw € (0,0.4), ¢r € (1.1,1.8) and ¢, € (0,0.2)

16Nominal marginal costs decline because of the lower production while, since changing prices is costly in this
sector, the price markup temporarily increases.
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Table 1: Calibrated Parameters of the Model

Parameter Name Value
Households
I3 Discount factor 0.9956
Sp Mass of farmers households 0.2402
I Elasticity of substitution between goods 0.8
® Share of agricultural goods in the consumption basket 0.15
Ny Inverse Frisch elasticity of labor supply 1
XH Weight of labor disutility 6.5958
Agricultural Sector
a4 Elasticity of agricultural output to land 0.12
or, Natural decay of land 0.05
ov Curvature of the land cost function 1.76
Ow FElasticity of land productivity to weather shocks 20.59
By Productivity factor of the agricultural sector 8.3327
TV Land restoration costs parameter 0.5912
Manufacturing Sector
Qg Elasticity of manufacturing output to capital 0.33
0K Capital depreciation rate 0.025
0 Elasticity of substitution between manufacturing goods 6
XP Degree of price rigidity 38.4928
By Productivity factor of the manufacturing sector 1.2002
Non-Optimal Monetary and Fiscal Policies
7 =mM  Core and headlines inflation rates 0.0104
Trf Transfers to farmers 0
L Reaction to inflation 1.4503
Ly Reaction to output 0.1499
Weather Shock
oW Persistence of the weather shock 0.0500
ow Standard deviation of the weather shock 0.0030

core inflation is driven by the first effect, while the second effect subsequently prevails, leading
to an eventual rise in core inflation.'’

The opposite dynamics of relative prices in the two sectors translate into an improvement in
terms of trade in favor of farmers. This implies that farmers can sell their produce at a relatively
higher price, requiring them to exchange a smaller quantity of agricultural output Y# for each
unit of fertilizer V. The terms-of-trade improvement tends to mitigate the detrimental conse-
quences of the weather shock for farmers. However, despite this effect, consumption disparities
increase as a result of the shock.

In the next section, we will see how a benevolent Ramsey planner, by controlling monetary
and fiscal policy, finds it optimal to stabilize core inflation while supporting farmers via a
generous increase in fiscal transfers.

Tn Appendix B, we show how changes in the relative price of agricultural goods affect core inflation.
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Figure 4: Impulse Responses to an Adverse Weather Shock - Non-Optimal Policy

Output, Y Output Agriculture, Y4
5 5
Output Manufacturing, Y Land, LT
5 5
Fertilizers, V' Investment, I
5 5
Consumption Farmers, CF Consumption Non-Farmers, cf
5 5
Consumption Heterogeneity, H Price Markup, M”
5 5
Nominal Interest Rate, R Headline Inflation, IT
5 5
Core Inflation, ITM Terms of Trade, P4/PM
5 5

Notes: The figure presents the impulse responses to a one standard deviation weather shock for the calibrated economy
under the non-optimal policy with headline inflation targeting. All variables are reported as percentage deviations from their
stochastic steady-state level, with the exception of the nominal interest rate and the inflation rates, which are reported
as annualized percentage point deviations, the markup in percentage points deviations, and consumption heterogeneity
expressed in level.

5 Ramsey Monetary and Fiscal Policies

We are now ready to derive the optimal policy mix in response to weather shocks hurting the
agriculture sector. Specifically, we consider the problem of a policymaker, referred to as the
‘Ramsey planner’, who controls the nominal interest rate R; and the tax-transfer redistributive
scheme between the two sectors. The Ramsey planner’s objective is to maximize the expected
utility of all households, given the constraints imposed by the general equilibrium conditions
of the decentralized economy outlined in Appendix B. In particular, we focus on the following
objective function: B

Uy = spU] + (1 — sp) U, (26)
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where U}" and U" are the lifetime utility functions of farmers and non-farmer households defined
in (7) and (13). Equation (20) is then the (utilitarian) social welfare function of the economy.

Following standard practice in the literature, we assume that the Ramsey planner is able to
bind itself to contingent policy rules it announces in period ¢ (i.e., there is an ex-ante commitment
to a feedback policy enabling dynamic adaptation of the policy in response to evolving economic
conditions).'® We further assume that the government runs a balanced budget at all times,
consistently with (17), this implies that transfers to farmers are fully financed by taxes levied on
non-farmers. Given this assumption, the monetary/fiscal regime consists of the announcement
of state-contingent plans for the nominal interest rate and the transfer in favor of farmers, { Ry,
Trf'}. See Appendix B for further details.

In what follows, we first characterize the steady-state properties of the model economy under
the optimal policy mix, we then turn to the dynamic and welfare analysis.

5.1 Steady State

We start our analysis of optimal monetary and fiscal policy by considering the long-run state of
the Ramsey equilibrium in an economy without uncertainty, which we refer to as the Ramsey
steady state. As a first result, the steady-state nominal interest rate is equal to the inverse
of the discount factor, R = 1/, implying that the inflation rate associated with the Ramsey
optimal policy is zero.'” In doing so, the planner selects the inflation rate that eliminates the
price adjustment costs in the manufacturing sector. Furthermore, at the calibration presented
in the previous section, the optimal transfer is positive at steady state and is such that the
index of heterogeneity, H, is less than one. This result can be easily explained by considering
condition (23). By redistributing resources from non-farmers to farmers, the Ramsey planner
reduces the consumption misallocation observed in the non-optimal policy economy. However,
pushing H closer to one is insufficient to achieve an efficient level of land use, as the steady state
is further distorted by the presence of a positive markup. To mitigate the static inefficiency
derived from an imperfectly competitive manufacturing market, the Ramsey planner finds it
optimal to redistribute resources via a tax-transfer scheme in such a way that H is pushed
below one, resulting in C¥' >C¥. These findings can be summarized as follows:

Result 1 The Ramsey steady state is characterized by zero inflation and positive transfers
in favor of farmers.

Based on the calibration illustrated in the previous section, Table 2 presents the steady-state
values of key macroeconomic variables under the Ramsey policy. The table also includes the
deterministic steady state of the model under the first-best solution and the non-optimal policy
model on which the calibration is based.

In the non-optimal steady state, the stock of usable land and capital is inefficiently low.
Additionally, output in manufacturing is low due to imperfect competition, while there is an
excess of production in agriculture due to an overuse of labor. Consumption misallocation is
high to the detriment of farmers.

8This is known as the ‘timeless perspective’ approach to optimal policy so that the initial period problem
becomes irrelevant once the initial period has long since passed. See, e.g., Woodford (2003) and Schmitt-Grohé
and Uribe (2004).

19This result is consistent with those obtained in a streamlined New Keynesian model with Rotemberg pricing,
as in Schmitt-Grohé and Uribe (2008). The inflation rate so computed is the so-called modified golden rule steady-
state inflation, which differs from the golden rule steady-state inflation, which is instead the inflation rate that
maximizes welfare at the deterministic steady state
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The first-best solution prescribes a lower level of agricultural output but a higher level of
output in manufacturing. Usable land and accumulated capital stock are higher, as discussed
in Section 3.5. Moreover, it is optimal to allocate more labor to the the manufacturing sector
(the production of which is used for productive land accumulation), while consumption levels
are equalized, as previously discussed.

In the second-best case, the Ramsey planner uses the available policy instruments to reduce
distortions and reallocate resources to approach the first-best equilibrium. However, due to the
balanced-budget constraint and the absence of subsidies to monopolistic competitive producers
to offset the effects of markups, it is not possible to achieve the first-best equilibrium. By taxing
non-farmers, the Ramsey planner can boost the consumption of farmers via transfers, thereby
reducing consumption misallocation. At the optimal Ramsey steady state, our heterogeneity
measure H is closer to one compared to the non-optimal policy regime, yet remains slightly
below one, indicating a consumption heterogeneity favoring farmers. This bias in favor of farmers
partially compensates for the distortions caused by imperfect competition in the manufacturing
sector, thereby reducing the under-accumulation of land.

Table 2: Steady State Under Different Policy Scenarios

Ramsey First-Best Non-Optimal

Output in agriculture Y4 2.7972 2.9622 4.1935
Output in manufacturing Y™ 1.4487 1.7631 1.3161
Land L* 4.7366  5.1648 4.1632
Physical capital K 13.5374  19.7699 12.3028
Labor of farmers H¥ 0.2340 0.2468 0.3773
Labor of non-farmers H¥ 0.3670 0.4083 0.3333
Consumption of farmers CF 1.3079 1.3549 0.4275
Consumption of non-farmers C*  1.1601 1.3549 1.3629
Inflation IT, ITM 1 - 1.0104
Transfers to farmers Tr! 0.8048 - 0
Consumption heterogeneity H 0.8870 1 3.1880
Gross markup M¥ 1.2000 - 1.1996
Social welfare U -17.3636  -1.5581 -52.0654
Welfare of farmers UF 33.5656  38.5034 -263.6330
Welfare of non-farmers U -33.4641 -14.2230 14.8187

Notes: The table reports the deterministic steady-state equilibrium of the calibrated model under three scenarios: the
optimal monetary and fiscal policy mix (Ramsey), the social planner’s solution (first best), and the decentralized competitive
equilibrium under the non-optimal policy (non-optimal).

5.2 The Optimal Policy Mix in Response to an Adverse Weather Event

In this section, we examine the dynamic response of the economy to an adverse weather shock
when the Ramsey planner can utilize both fiscal and monetary instruments. Figure 5 presents
the results for a selection of variables. The gold lines represent the dynamics under the Ramsey
planner solution, while the grey lines represent the dynamics under the decentralized competitive
equilibrium under the non-optimal policy. For the sake of comparability, and differently from
Figure 4, we now assume that the (deterministic) steady state of the non-optimal policy scenario
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is the same as in the Ramsey solution, with trend inflation set to zero and positive transfers to
farmers. See the first column of Table 2. However, the monetary policy is conducted according
to a standard Taylor rule with headline inflation targeting (HIT), under the parametrization of
Section 4, while fiscal transfers are kept constant.

As we can see, the Ramsey planner reacts to the shock by immediately increasing fiscal
transfers in favor of farmers who are directly affected by the adverse weather event. On the
other hand, the monetary policy is less aggressive than that prescribed by a standard Taylor
rule, with the nominal interest rate rising much less than under the non-optimal policy scenario.
Consequently, headline inflation increases more in the Ramsey equilibrium. Farmers then ben-
efit from the larger transfers and the increase in agricultural prices, which, in turn, improve
their terms of trade. Clearly, the Ramsey optimal policy mix is designed to support farmers’
consumption and allocate more resources to restore the quality of land.

Turning to the manufacturing sector, we observe that under the Ramsey policy, core inflation
is stabilized, while price markups increase much less than in the non-optimal policy scenario.”’
By stabilizing core inflation, the Ramsey planner neutralizes the distortions derived from costly
price adjustments and further fosters the terms of trade improvement in favor of farmers. As
a result of the combined effects of higher demand from farmers and of the mitigated effects on
the markup, manufacturing production increases, contrary to what is observed on impact in the
decentralized equilibrium, but consistent with the dynamics seen in the first-best equilibrium,
as shown in Appendix C.

Finally, it should be noted that, due to the fiscal policy transferring resources from the
manufacturing to the agriculture sector, the consumption ratio H — used as a measure of
consumption heterogeneity — exhibits opposite dynamics in the two scenarios. While it increases
in favor of non-farmers in the non-optimal case, it decreases under the optimal policy mix. This
is because, the Ramsey planner finds it optimal to increase consumption heterogeneity further,
which favors farmers in better addressing the asymmetric shock.

We can summarize the main results discussed above as follows.

Result 2 In response to an adverse weather shock affecting the agriculture sector, the Ramsey
monetary and fiscal policy mix prescribes increasing transfers to farmers while stabilizing core
inflation.

In Appendix E, we show that when the adverse shock impacts both sectors, it becomes
optimal to temporarily reduce transfers to farmers in order to alleviate the tax burden on non-
farmers and support the manufacturing sector, whose production is essential for restoring both
quality of land and the physical capital, also negatively impacted by the weather shock. See
Figure E-2.

20The optimality of core inflation stabilization is consistent with the optimal policy prescription that can be
found in a New Keynesian model with a flexible-price sector and a sticky-price sector as in the Aoki (2001).
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Figure 5: Impulse Responses to an Adverse Weather Shock - Ramsey Policy v. Non-Optimal
Policy
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5.3 Ramsey Policy with a Single Policy Instrument

In this section, we study how the optimal policy changes when the Ramsey planner can optimally
set either fiscal or monetary policy. We solve the model under two different scenarios. In the first
scenario, fiscal policy is set optimally, while monetary policy follows a Taylor rule of the form
(24), with headline inflation II replaced by core inflation IT". This choice is motivated by our
previous findings, which indicate that stabilizing core inflation is optimal when the economy faces
adverse weather shocks hitting the economy asymmetrically. In the second scenario, monetary
policy is set optimally by the Ramsey planner, while fiscal policy consists of keeping transfers
to farmers at their deterministic steady-state level.

Figure 6 shows the impulse response for a selection of variables following an adverse weather
shock when the Ramsey planner is restricted to optimally setting either fiscal policy (bronze
lines) or monetary policy (silver lines), compared to the scenario where both policies can be
optimally set (gold lines).

When the Ramsey planner controls monetary policy, the dynamics of manufacturing output,
price markup, and inflation rates are qualitatively similar to those under the full policy opti-
mization. However, without access to the fiscal instrument, the consumption of farmers cannot
be sustained, leading to a slight increase in heterogeneity in favor of non-farmers. Conversely,
when fiscal policy is optimally set, initial transfers to farmers are reduced. By sustaining de-
mand for agents operating in the relatively more productive sector, production in manufacturing
increases, inflation rises, and price markups decrease. As shown in Figure E-1 in Appendix E,
investments also increase, while the percentage decline in farmers’ consumption is twice as large
as that observed under the optimal policy mix. Later, fiscal transfers to farmers increase and
remain persistently above their initial level during the adjustment process. Without control over
monetary policy to stabilize the manufacturing sector, the Ramsey planner finds it optimal to
prioritize manufacturing before addressing the needs of the agricultural sector. These results
can be summarized as follows.

Result 3 In reaction to an adverse weather shock affecting the agriculture sector, when
the government has access either to monetary or fiscal policy, optimal monetary policy results
in macroeconomic variables that qualitatively mirror those under full policy optimization, but
with a greater decline in farmers’ consumption due to the lack of access to the fiscal instrument.
Conversely, optimal fiscal policy requires an initial reduction in transfers to farmers, leading to a
sharper decline in their consumption while stimulating a greater expansion in the manufacturing
sector.

5.4 Welfare Analysis

In this section, we compare the performance of different monetary-fiscal policy combinations
in terms of welfare. Table 3 presents the social welfare levels, including the welfare of farmers
and non-farmers, under six policy scenarios. These scenarios are distinguished by whether the
Ramsey planner has control over both, one, or neither policy instrument. In the scenarios where
monetary policy is not optimally set and follows a Taylor rule, we examine two cases: one
targeting headline inflation and the other targeting core inflation.

The metric we use is conditional welfare, that is the expected welfare conditional on the initial
state of the economy being the deterministic Ramsey steady state.”’ To facilitate comparison

21This metric is commonly used along with unconditional welfare when comparing different policy regimes. See,
e.g., Schmitt-Grohé and Uribe (2007). In Appendix [, Table -4 reports the results using unconditional welfare
measures.
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Figure 6: Impulse Responses to an Adverse Weather Shock - Ramsey Policy with Different
Policy Instruments
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across different policy scenarios, we also measure the welfare cost of each monetary-fiscal policy
combination relative to the Ramsey policy mix. This is defined as the increase in consumption
required to make a representative consumer in either sector indifferent between living in an
economy with the specific policy mix and an economy where the policymaker follows the Ramsey
monetary and fiscal policy scheme.

Table 3: Welfare - Conditional Measures

Social Farmers Non-Farmers
level cost, level cost, level cost,
Ramsey Mix -17.3000 O 33.6451 0 -33.4056 0

Ramsey Fiscal with HIT -17.3086 0.0038 33.5627 0.0364 -33.3909 -0.0065
Ramsey Fiscal with CIT -17.3042 0.0019 33.5638 0.0358 -33.3854 -0.0089
Ramsey Monetary -17.3017 0.0008 33.5482 0.0427 -33.3772 -0.0125
Non-Optimal with HIT ~ -17.3122 0.0054 33.5457 0.0438 -33.3902 -0.0068
Non-Optimal with CIT ~ -17.3041 0.0018 33.5477 0.0430 -33.3801 -0.0112

Notes: Welfare costs are measured with respect to the Ramsey policy mix and are expressed in percentage. A positive
(negative) figure indicates that welfare is higher (lower) under the Ramsey policy than under the alternative policy scenarios.

Consider the results on social welfare. We observe that the cost of not implementing the
Ramsey mix is particularly high when the Ramsey planner has no access to monetary policy
and the Taylor rule targets headline inflation. For farmers, the welfare costs are lower when
the Ramsey planner controls fiscal policy. This is consistent with our previous findings, as the
Ramsey planner optimally increases fiscal transfers to support households affected by adverse
weather shocks. Conversely, for non-farmers, the welfare cost becomes negative, indicating
they benefit from deviating from the Ramsey policy. The greatest benefits for non-farmers
arise from adopting a Ramsey monetary policy while keeping fiscal transfers at their steady-
state level or adopting a core inflation-targeting Taylor rule, which closely mimics the Ramsey
monetary policy. An aggressive monetary policy targeting headline inflation, in fact, would
reduce aggregate demand by a large amount, depressing the level of economic activity in the
manufacturing sector. The main findings can be summarized as follows.

Result 4 When adverse weather shocks affect the agriculture sector, deviating from the
optimal policy miz is less costly when the Taylor rule targets core inflation or when at least
monetary policy is optimally set. The Ramsey policy miz benefits farmers but is detrimental to
non-farmers.

The above result, however, holds only when the adverse weather shock hurts exclusively
agriculture. In Appendix E, we show that when shocks symmetrically affect both sectors, de-
viating from the optimal policy mix remains less costly when monetary policy is optimally set,
but in other cases, targeting headline inflation under a Taylor rule becomes less detrimental
than targeting core inflation. By stabilizing headline inflation, the Ramsey planner can mitigate
the terms of trade deterioration in the manufacturing sector, where price rigidity hinders im-
mediate price adjustment. Furthermore, the Ramsey policy mix tends to benefit both farmers
and non-farmers, while in the case of Ramsey monetary policy, it becomes slightly costly for
non-farmers.
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5.5 Alternative Parametrizations

In this section, we check whether our results on welfare are robust to different parametrizations
by undertaking a sensitivity analysis. We solve the model for different values of the parameters
i, ¢, and dr,. We vary each parameter at a time along with the the implied scale parameters x g,
B4 and By and the relative price of the manufacturing good, so as to keep the normalization
we made in Section 4 for the steady values of land, manufacturing production, and employment,
and target the relative size of the agriculture sector consistently with data. We also consider
the effects of varying the policy parameters of the interest rate rule (24) in scenarios where the
monetary policy is not optimally set. Tables 4 and 5 show the social welfare cost of deviating
from the Ramsey policy mix under different scenarios and parametrizations. Overall, we observe
that the optimality of core inflation targeting is confirmed under different parametrizations.

Elasticity of Substitution in the Consumption Basket

We start by varying the elasticity of substitution p in the CES consumption basket of house-
holds, the baseline value of which was set to 0.8. By increasing the degree of complementarity
between manufacturing and agricultural goods, deviation from the optimal policy in response to
asymmetric weather shocks becomes more costly. Intuitively, in the case of a negative weather
shock hurting agriculture, a lower elasticity of substitution would imply a stronger disruption
in the manufacturing sector.

Curvature of the Land Cost Function

When changing the parameter governing the curvature of the land restoration cost function,
¢y, results do not change significantly from the baseline case (i.e., ¢, = 1.76) as long as fiscal
policy is optimally set and consumption of farmers is stabilized. In the non-optimal policy case,
targeting headline inflation becomes relatively less costly than targeting core inflation, the less
convex the land restoration cost function is. Clearly, the lower the increase in cost sustained by
farmers, the diminished the need to enhance their purchase power via the terms of trade.

Natural Decay of Land

The lower (higher) the decay rate of land, the higher (lower) the welfare cost deviating from
the optimal policy mix. A lower decay rate, in fact, makes past land investment choices more
“irreversible”, therefore, in the case of weather shocks reducing the quality of the existing stock
of land, the damage would be relatively higher.

Taylor Rule Parameters

We conclude our sensitivity exercises by varying the parameters of the interest-rate rule param-
eter in the scenarios where monetary policy is not optimally set. Consider the effects of varying
the reactivity of the risk-free rate to output. Setting to zero the reactivity to output improves
the performance of non-optimal policies. This is because weather shocks hitting agriculture, the
flexible price sector, by means of their effects on relative prices, mainly materialize in the man-
ufacturing sector as a cost-push shock, giving rise to a trade-off between inflation and output
stabilization. On the other hand, consistent with the results found so far, a sharper reaction to
inflation reduces the welfare cost of deviating from the optimal policy but makes it relatively
more costly to target headline inflation than to target core inflation.
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Table 4: Social Welfare Cost of Deviating from the Ramsey Policy Mix

Curvature of the land Natural decay of
Baseline  Elasticity of Substitution
cost function land productivity
p=05 p=12 b =12 ¢, =25 6, =0.025 &, =0075

Ramsey Fiscal HIT 0.0038 0.0051  0.0027 0.0039 0.0038 0.0054 0.0031
Ramsey Fiscal CIT 0.0019 0.0020 0.0016 0.0018 0.0019 0.0034 0.0012
Ramsey Monetary 0.0008 0.0020  0.0001 0.0013 0.0008 0.0014 0.0005
Non-Optimal with HIT 0.0054 0.0124  0.0024 0.0040 0.0061 0.0073 0.0046
Non-Optimal with CIT  0.0018 0.0035  0.0008 0.0018 0.0021 0.0036 0.0011

Notes: Welfare costs are measured with respect to the Ramsey policy mix and are expressed in percentage. A positive
(negative) figure indicates that welfare is higher (lower) under the Ramsey policy than under the alternative policy scenarios.

Table 5: Social Welfare Cost of Deviating from the Ramsey Policy Mix under Different
Parametrizations of the Taylor Rule

Baseline Reaction to output Reaction to inflation

by=0 1,=05 =11 1,=3

Ramsey Fiscal HIT 0.0038 0.0033 0.0124 0.0085 0.0024

Ramsey Fiscal CIT 0.0019 0.0000 0.0125  0.0072 0.0005
Ramsey Monetary 0.0008 - - - -

Non-Optimal with HIT 0.0054 0.0050 0.0385  0.0191 0.0038

Non-Optimal with CIT  0.0018  0.0008 0.0351 0.0071 0.0010

Notes: Welfare costs are measured with respect to the Ramsey policy mix and are expressed in percentage. A positive
(negative) figure indicates that welfare is higher (lower) under the Ramsey policy than under the alternative policy scenarios.

5.6 The Optimal Policy Mix in Response to an Increase in Weather Volatility

In this section, we examine the consequences of increased weather shock volatility rather than
focusing solely on the effects of a one-time weather shock. This approach aligns with the evidence
presented in Section 2, which demonstrates that the standard deviation of natural disasters tends
to rise during ENSO events. Furthermore, recent climate research highlights how anthropogenic
greenhouse warming may lead to more frequent extreme El Nino events (see, e.g., Cai et al.
2014; Thirumalai et al. 2024).

To capture this dynamic, we model the standard deviation we now assume that the standard
deviation ¢" is time-varying and follows the process:

ows = (1 — po)ow + peowi—1 + 17, (27)

where where p, € [0, 1), while nf is the idiosyncratic shock to weather volatility.

A higher standard deviation of weather shocks implies that agents expect a greater severity
of weather events. In the face of such heightened climate risk, farmers are likely to invest more
in land accumulation and other adaptive measures to safeguard agricultural productivity. For
illustrative purposes, we assume that the volatility of the weather shock temporarily increases
from 0.0030 to 0.0060, with the persistence p, set at 0.95.

Figure 7 presents the results, comparing the economic response under a non-optimal policy
and headline inflation targeting to that of an economy where the Ramsey planner has access to
both policy instruments. As expected, in both policy scenarios, investments in land productiv-
ity increase. In the face of increased variability in the magnitude of weather shocks, adaptation
requires preventive measures to enhance resilience to potentially devastating natural disasters.
Consequently, agricultural production increases. However, under the non-optimal policy, this
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Figure 7: Impulse Responses to an Adverse Volatility Weather Shock - Ramsey Policy v. Non-
Optimal Policy
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comes at the cost of reduced consumption for farmers. Moreover, investments increase, at least
on impact, while both core and headline inflation rates go up. Conversely, the Ramsey plan-
ner responds to the heightened climate risk by sustaining the consumption of farmers through
increased transfers, while mitigating inflationary pressure. In particular, inflation stabilization
remains an optimal strategy even in this context. Non-farmers partially sustain the burden of
this policy experiencing a slight and short-lived drop in their consumption. These results are
summarized here.

Result 5 In response to an increase in the volatility of weather shocks that affect the agri-
culture sector, it is optimal to increase transfers in favor of farmers and promote expenditure in
adaptive measures to improve agricultural resilience, while ensuring stable inflation and farmers
consumption.

6 Conclusions

The design of the correct policy response to weather shocks can be particularly challenging. This
difficulty arises mainly from the fact that these shocks asymmetrically impact different sectors of
the economy, with agriculture being particularly vulnerable. Moreover, when the economic sec-
tors are segmented, reflecting a certain degree of dualism, designing an optimal mix of fiscal and
monetary policies that can stabilize the economy and support recovery becomes even more com-
plicated. The challenge can be particularly pronounced in low-income and emerging countries,
where the agricultural sector is often more fragile, and a larger share of the population is directly
exposed to the consequences of adverse weather events. For example, several Latin American
countries, where agriculture represents an important share of their economy, are exposed to El
Nifio-Southern Oscillation phenomena, which influence their temperatures and the intensity of
their precipitations, and increase the probability of the occurrence of natural disasters. This
paper seeks to address these issues by examining the optimal fiscal and monetary policy mix
in response to adverse weather shocks within a two-sector New Keynesian model calibrated to
represent a climate-prone economy, where a rural agricultural sector producing food coexists
with a modern manufacturing sector.

In response to an adverse weather shock that reduces agricultural production and triggers
inflationary pressure on food prices, the optimal mix of monetary and fiscal policies consists
of increasing transfers to farmers while stabilizing core inflation. Intuitively, given the dispro-
portionate burden of weather shocks on the agricultural sector and their negative impact on
farmers’ consumption, it is optimal to implement fiscal policies aiming at sustaining farmers to
speed up their recovery. However, by stabilizing core inflation, rather than headline inflation,
the monetary policy indirectly benefits farmers by letting their terms of trade improve, thus pro-
viding them with more resources to restore their land productivity. Both policies, when jointly
optimally set, then work in the direction of supporting the sector directly hit by the shock. Our
results indicate that even when the policymaker has access to only one policy instrument—either
monetary or fiscal—or neither, deviating from the optimal policy mix results in relatively small
welfare losses, provided that core inflation remains stabilized. By allowing food prices to rise
while stabilizing prices in the manufacturing sector, the terms of trade for farmers are kept
favorable during the recovery phase, ensuring that they have the resources needed to recover
effectively. However, if the adverse weather event is more pervasive and hits both sectors of the
economy, then deviating from the optimal policy mix results in smaller welfare losses only if
headline inflation is stabilized.

The design of the optimal policy mix becomes even more critical when considering the
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increased risks of natural disasters, such as those associated with El Nino or La Nina events,
which are further exacerbated by climate change. In this context, it remains optimal to increase
fiscal transfers to farmers while maintaining price stability, thus ensuring a stable environment
and supporting measures that enhance agricultural resilience.

The results of this paper have two main policy implications. First, as natural disasters
become more frequent and intense, it is challenging for policymakers to respond effectively,
particularly in fragile and segmented economies where access to all policy tools may be limited.
This limitation could be due to factors such as high levels of public debt (which limits the
available fiscal space), narrow tax bases, excessive external debt, adherence to common currency
areas, or fixed exchange regimes. These further complicating factors should be explored in future
research. The second policy implication regards the role that central banks can have in the face
of adverse weather events that can asymmetrically impact the economy. The findings emphasize
the importance of monetary policy, even when the central bank cannot directly target the sector
affected by the shock or when fiscal policy is not optimally set. For emerging economies, where
financial inclusion is still a challenge, we show that the central bank can still improve the welfare
of households lacking access to financial markets while conducting its primary mandate of price
stability.
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Appendix A

This appendix presents the data used in Section 2 to analyze the effects of weather shocks on
Latin American economic outcomes.

Data

We rely on multiple sets of data. Table A-1 below presents the different sources we used.

Production data for all countries are extracted on a quarterly basis. Prices are obtained
on a monthly basis and aggregated quarterly using a simple average. Quarterly growth rates
and inflation rates are then computed with respect to the value of the past year, to reduce
seasonal variation. Construction of the data set has led to recomputing data for Colombia and
Ecuadorian GDP and for Bolivian IPC in order to express the time series with the same reference
year before calculating the variation rates.

To characterize better the economic sectors of these economies, we include information about
the share of employment in the agricultural sector (as a percentage of total employment) and
the quarterly interest rates in effect in the countries we study. The former is obtained from
the World Bank Data, while the latter corresponds to the Central Bank Policy Rates from the
International Monetary Fund Data (International Financial Statistics).

Natural Disasters are collected from the EM-Data database developed by the Centre for
Research on the Epidemiology of Disasters at the University of Louvain (UCLouvain). From
this dataset, we extract the number of weather-related natural disasters registered, composed
of floods, droughts, storms, extreme temperatures, wildfires, and wet mass movements between
2001 and 2022. We then use the number of events happening every quarter for each of the
countries included in the sample. Note that for drought events, no end date is reported in the
data for five instances. In that case, we input the end month to be the same of the start month.
Figure A-1 presents the distribution of these events by country.

Variations in the El Nino-Southern Oscillation (ENSO) are obtained from the U.S. National
Oceanic and Atmospheric Administration (NOAA, tables available ). Following the defini-
tion given by the source, an El Nifno event occurs when the Oceanic Nifio Index (ONI) exceeds a
0.5 threshold for 5 consecutive periods. Symmetrically, a La Nina event happens when the ONI
is lower than the -0.5 threshold for 5 consecutive periods. In the paper, we do not distinguish
between warm (El Nifio) and cold (La Nina) phases and define an ENSO event when either El
Nifio or La Nina occurs. “Normal” periods are by opposition quarters when none of the events
happen.

Finally, to control for the international economic cycle, we include data on Consumer Price
Inflation of the United States and an index of oil prices, both obtained from the IMF.

With these data, we obtain a quarterly unbalanced”” dataset of five countries from 2001
to 2022. Table A-3 presents the averaged values of the socio-economic variables for the five
countries in our sample and the simple average at the bottom line that we use later to calibrate
the model.

2ZData on Food CPI for Ecuador start in 2005.
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https://www.ine.gob.bo/index.php/estadisticas-economicas/pib-y-cuentas-nacionales/producto-interno-bruto-trimestral/producto-interno-bruto-trimestral-intro/##1604584724125-615aec14-e917
https://www.bcentral.cl/web/banco-central/cuentas-nacionales-trimestrales-estadisticas-en-excel
https://uba.banrep.gov.co/htmlcommons/SeriesHistoricas/producto-interno-bruto.html
https://contenido.bce.fin.ec/home1/estadisticas/cntrimestral/CNTrimestral.html
https://estadisticas.bcrp.gob.pe/estadisticas/series/trimestrales
https://nube.ine.gob.bo/index.php/s/TmDFo5jFlYnF6Ff/download
https://estadisticas.bcrp.gob.pe/estadisticas/series/trimestrales/resultados/PN37692AQ/html
https://nube.ine.gob.bo/index.php/s/TmDFo5jFlYnF6Ff/download
https://estadisticas.bcrp.gob.pe/estadisticas/series/trimestrales/resultados/PN37684AQ/html
https://www.ine.gob.bo/index.php/serie-historica-empalmada/
https://si3.bcentral.cl/Siete/ES/Siete/Cuadro/CAP_PRECIOS/MN_CAP_PRECIOS/PEM_IND_IPC_2023/638447991790421422
https://uba.banrep.gov.co/htmlcommons/SeriesHistoricas/precios-inflacion.html
https://www.ecuadorencifras.gob.ec//indice-de-precios-al-consumidor/
https://nube.ine.gob.bo/index.php/s/A40kE0Eykj0i8KD/download
https://estadisticas.bcrp.gob.pe/estadisticas/series/mensuales/resultados/PN38705PM/html
https://nube.ine.gob.bo/index.php/s/NOPDH8u27EkNZYy/download
https://estadisticas.bcrp.gob.pe/estadisticas/series/mensuales/resultados/PN39445PM/html
https://data.imf.org/?sk=388DFA60-1D26-4ADE-B505-A05A558D9A42&sId=1479329132316
https://data.worldbank.org/indicator/SL.AGR.EMPL.ZS
https://data.imf.org/regular.aspx?key=61545849
https://www.imf.org/en/Research/commodity-prices
https://www.emdat.be
https://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

Additional Tables

Table A-2: Mean and Standard Deviations of Natural Disasters Occurrences

Country

Total

State of the ENSO at the previous quarter

ENSO Event

Normal state

Mean Std Deviation Mean

Std Deviation Mean Std Deviation

Bolivia 1.59 1.63 1.66 1.82 1.53 1.46
Chile 0.64 0.91 0.53 0.70 0.73 1.06
Colombia  2.01 1.74 1.69 1.65 2.29 1.79
Ecuador 0.80 1.37 0.54 1.36 1.02 1.36
Peru 1.46 1.55 1.14 1.28 1.73 1.72
Total 1.30 1.55 1.11 1.49 1.46 1.58

Notes: The second and third columns of the table present respectively to the average number of natural disaster occurrence
(column 2) and the corresponding standard deviation (column 3) over the whole sample by country. Columns 4 and 5 display
the statistics for natural disasters happening when an ENSO event was occurring one quarter before for each country, while
columns 5 and 6 depict the statistics outside of ENSO events. Row “Total” refers to the computation of average occurrence
and standard deviations of natural disasters when pooling the data regardless of the country.
Source: EM-DAT and NOAA. Authors’ computation.

Table A-3: Average Values of Selected Variables - 2001-2022

Share of Share of Total Mean Mean Mean Mean Mean

Country | Employ. in Agri. VA number of CPI FPI GDP  Agri. VA Interest
Agriculture (% of GDP) Disasters inflation inflation Growth  Growth Rate
Bolivia 32.94 11.50 140 4.21 5.51 3.77 3.62 5.29
Chile 10.42 3.78 59 3.72 5.83 8.74 7.47 3.95
Colombia 17.91 6.94 181 5.04 7.14 3.81 2.46 8.37
Ecuador 28.81 8.03 70 5.16 3.90 3.00 3.26 8.46
Peru 30.03 7.05 134 3.05 3.75 4.33 3.51 4.33
Total 24.02 7.46 584 4.24 5.23 4.73 4.07 6.08

Notes: Each column of the table corresponds to simple averages of the economic variables presented before, except for “Total

number of disasters” where the sum is applied.

Source: Authors’ computation using the sources presented in Table A-1.
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Table A-4: Monetary Policy Framework of the Selected Countries

Country Exchange rate regime

Bolivia Stabilized arrangement (Monetary aggregate target)

Chile Free Floating exchange rate regime (Inflation Targeting framework)
Colombia Floating exchange rate regime (Inflation Targeting framework)
Ecuador No separate legal tender (with the US dollar)

Peru Floating exchange rate regime (Inflation Targeting framework)

Source: IMF report, “Annual Report on Exchange Arrangements and Exchange Restrictions 20217, available here.

Additional Figures

15

Figure A-1: Number of Natural Disasters Occurring by Quarter and Country

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Quarter

Number of Natural disasters

Countries [l Bolivia [If] chile [ Colombia || Ecuador [ Peru

Notes: The bars correspond to the quarterly total number of natural disasters (including floods, droughts, storms, extreme
temperatures, wildfires, and wet mass movements) for each country in the sample between 2001 and 2022. The grey areas
correspond to ENSO phases (both warm and cold phases).

Source: EM-DAT and NOAA. Authors’ computation.
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https://www.elibrary.imf.org/display/book/9781513598956/9781513598956.xml?rskey=sp60y1&result=1

Figure A-2: Variation in Annual Employment in Agriculture by Country

40

Annual share of employment in agriculture

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
al
Countries —— Bolivia — Chile — Colombia ~ Ecuador — Peru | ENSO
Notes: The lines correspond to the quarterly evolution of employment in the agricultural sector (in % of total employment)
for each country in the sample between 2001 and 2022. The grey areas correspond to ENSO phases (both warm and cold

phases).
Source: World Bank and NOAA. Authors’ computation.
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Appendix B

This appendix reports the first-order conditions describing the optimal solution to the agents’
problem operating in both sectors and provides a formal definition for the decentralized com-
petitive equilibrium of the economy.

Agricultural Sector

The typical farmer chooses {Cf', Hf, Vif', L'} so to maximize the expected lifetime utility
(7), given prices, fiscal transfers, the initial stock of land L, the flow budget constraint (9),
the available technology (3), the land time evolution process (1), the damage function (5), and
the realization of the weather shocks (8). At the optimum, for ¢ > 0, the following first-order
conditions must hold:

1 F

CT; = Pt)‘t ) (B‘l)

1
XH(HtF)nH = Ang“ (1- aA)Kf‘ﬁ» (B-2)

¢

L FpM r\ov—1
A= MRM ey (V)T (B-3)
1

OéAﬁEt)\ﬁAP{ilYA — N+ ﬁEt/\tLﬂ(l —60)Qeiq) =0, (B-4)

t+1LT
t

where A" and A/ represent the Lagrange multipliers associated with the flow budget constraint
(9) and to the land accumulation equation (1), respectively. By combining the above conditions,
one can easily obtain the two conditions determining the optimal labor supply and optimal
decision regarding land accumulation:

1 4 4 1
xu(H{ )™ = —5pit (1 —aa) Y —, (B-5)
t OtF t t HtF

dv—1 ct 1 ¢y —1
pl Ty (V}F> = BEtCTt [aAprYtﬁLF +(1—é)praTv (Vtil) 9(5&1)] , (B-6)
t+1 t

where p! = P'/P, and pM = PM/P,.

Manufacturing Sector

Intermediate Goods Producers Given the available technology (11) and the demand func-

M
Pj7t

—0
tion ij"gf = (Pj]}f/PtM) Y M the problem of a typical j firm is then to choose {Hft, Kft,

to maximize the expected discounted sum of profits.
At the optimum, the first-order conditions with respect to the two-factor inputs are,

(1 — ang) Bur (K3 )™ (Hf) ™0 = W, (B-7)
®jpcn By (KJy 1)~ (H)' ™M = Ry, (B-8)
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where ®;; denotes the nominal marginal cost of production. Since all firms have access to the
same technology and face the same demand functional form, profit maximization implies that
all firms choose the same price, that is Pft = P} for all j € (0,1 — sp), produce the same

output YtF , with the same factor inputs. The optimal price setting delivers the following New
Keynesian Phillips Curve:

2 @R
(1-0)YM—xp (Hi\/j - 1) MY M 4 xpEiQr i1 (H%A - 1) v (Hi\il) —|—9p—]f4YtM =0, (B-9)
t
where IIM = PM /PM, and ®f = &,/P,.

Households The typical household in this sector chooses {C}', H}, IF', K", BF'} so to max-
imize the lifetime utility (13), given prices, taxes, the risk-free nominal interest rate, the initial
stock of capital KT, the budget constraint (15) and the accumulation equation of capital (16).
At the optimum, the following first-order conditions must hold:

1 _
~F Pt)‘f7 (B—lO)
t
xu(HE)™ = \F'wy, (B-11)
M =PM, (B-12)
)‘fPtM +B8(1 - 5K)]Et)\£r1ptj\f1 + Etﬂ)\if—lRf-i—l =0, (B-13)
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where A/ and A represent the Lagrange multipliers associated to the flow budget constraint
(15) and to the land accumulation equation (16), respectively. Given the definition of Af, the
AL
A

By combining the above conditions, one can easily obtain the optimal condition determining
the optimal labor supply and the Euler equations on physical capital and risk-free bonds:

nominal discount factor in (B-9) is then Q41 =

7 1
X (HE )™ = CTFwtv (B-15)
1 cF
=m{t-) (B-16)
Ry 1 CE
cF cF
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where Ht = -Pt/Pt—l'
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Decentralized Competitive Equilibrium

We are now ready to provide a formal definition for the decentralized competitive equilibrium
of the economy. To this end, we define factor inputs in real terms as w; = Wy /P, rf' = R} /P,
and as usual, we set aggregate nominal risk-free bonds to zero, (1 — sp)BY = 0.

Definition 1 For a given monetary and fiscal policy miz determining { Ry, Tr}, Ttﬁ};’io subject
to the balanced-budget rule spTrf = (1— sF)TtF, and for a given set of the exogenous process on
the weather {}"}{2, a competitive equilibrium for the distorted competitive economy is described
by a sequence of allocations and prices {C’it, C’AF“, cl, YtA, C’f}t, C’ﬂ}t, clhvM 1, M, oF,
Itﬁ, KtF, HtF, HE, ViE,LE, wy, rF, pft, pMY$2,, that for a given initial level of land and capital
{L_1, K_1} satisfy the following equilibrium conditions:
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By using conditions #5, #14 and #17 in #7, to get rid of prices and imposing the steady
state, under the special case of zero trend inflation, the condition describing the optimal choice
of land accumulation at the decentralized equilibrium is given by

=[1-5(1—dr)]

O‘A(HtF)l—HHf (HtF)l—i—nH TV( F)(z)vil 9 CF (B—18)

(1 — o) LF (1 — o) YM —1CF’

From condition #20, which is the New Keynesian Phillips curve, we observe that at zero inflation,
the real marginal cost of producing the manufacturing good is ®% = pM (6 — 1)/6. This is
equivalent to ® = PM (0 —1)/6 when expressed in nominal terms. Noting that the gross markup,
MP is by definition equal to P /® and, therefore, to MP = 60/(0 — 1), and that H = C¥'/CF,
we obtain the equivalent of equation (23) in the main text.

The Phillips Curve and the Inflationary Effects of an Adverse Weather Event

In order to understand how an adverse weather event hitting the agriculture sector propagates
in the manufacturing sector leading to inflation also in this sector, it is sufficient to inspect the
the New Keynesian Phillip curve #20. By log-linearizing #20 around a zero-inflation steady
state and using #1 and #19, we obtain what follows:

R 0 —
M = Of 4 BE,aM | + —— T pA. B-19
t Xp t 7 +1 Xp 1—o t ( )

The above result shows that a change in the relative price of agricultural goods acts as a cost-
push shock for the manufacturing sector, leading to inflation in that sector as well.”® Following
an adverse weather shock that affects only agriculture, farmers increase their demand for man-
ufacturing inputs needed to restore the land. This excess of demand in the manufacturing
sector generates inflationary pressure. However, since, at least initially, the adverse weather
event causes a contraction in demand for manufacturing goods from households operating in
this sector, there is a short-lived decline in marginal cost, which explains why, at least in the
decentralized equilibrium under the non-optimal policy, core inflation initially decreases.

Z3This is consistent with Aoki (2001) who shows that an increase in the relative price of the flexible-price good
enters as a positive shifter in the dynamic equation determining inflation in the sticky price sector.
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Appendix C

In the present appendix, we derive the efficient allocation and show the dynamics of the economy
in response to an adverse weather event. This will prove a useful benchmark for the analysis of
the optimal policy mix discussed in the main text.

The Social Planner’s Problem

The first-best allocation in any given period can be described as the solution to the following
social planner’s optimization problem: the social planner chooses {Ci,w Cﬂt, cl, Y;A, Cfvt,

ct., o, yM 1F, KF, HF, HF, V', LI} to maximize the social welfare function:

Uy = spUdf + (1 — sp)Uf, (C-1)

where U/ and Z/{tF are the lifetime utility functions of farmers and non-farmer households defined
in (7) and (13), subject to the following set of constraints:
(i) consumption baskets
1 p=1 1
Cf = lprnCh, " +(1—g)C
n 1 mop=l 1
Cf =lprCl, ¥ +(1—g)C
(ii) available technologies

YA = Ba(Qef)LE ) A (HE ) e,
YM = Bap(K[ ) v (HE ) =o,

(iii) accumulation equations of land and physical capital

L{ = (1= 60)9Qe ) Ly + Vi,

(iv) resource constraints

spY/t = spCh, + (1 —sp) Chy,

(1= sp) VM =sp [ Cipy+7v o | (1= sp) Chpgt (1= sp) I}

It can be easily shown that at the optimum, the social planner allocates resources to rule
out any possible misallocation of consumption. It follows that farmers and non-farmers benefit
from the same level of consumption, so that Cf = Cf, C}Z’t = Cf}t, and Cﬂt = C]}\Z,t' Let )\tCA
and )\f M denote the marginal utility households derive from the consumption of agricultural
and manufacturing goods. Then, at the optimum, the following conditions must hold:

c yM
A (1T —aaq) T}F = xu(H)™, (C-2)
t
c vA I
A (1= an) oF xu (H; )™, (C-3)
t
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where (C-2) and (C-3) determine the optimal allocation of the two specific labor inputs in each
sector, while (C-4) and (C-5) determine the optimal accumulation equation of physical capital
and land.

A close inspection of the above conditions helps us understand the specific features of this
economy. Consider the two conditions (C-2) and (C-3). Since labor is sector-specific, at the
optimum, the disutility that farmers and non-farmers derive from labor (right-hand side of both
conditions) must equalize the benefit derived from working more in each sector (left-hand side
of both conditions). This benefit, in turn, depends on the marginal utility households derive
from consuming the specific good that labor is able to produce.

Condition (C-4) equates the present discounted value of the expected marginal benefit de-
rived from purchasing an additional unit of capital to the marginal cost, measured in terms of
the utility loss from consuming fewer manufactured goods. The benefits on the left-hand side
depend on the marginal product gains and the increased availability of capital in the following
period.

Condition (C-5) describes the optimal accumulation equation of land. Since improving the
quantity of usable land requires goods from manufacturing, the marginal cost of increasing land
depends on the utility loss from consuming fewer manufactured goods. The benefits depend
on the utility gains associated with larger agricultural production and the next-period marginal
benefit derived from the resources saved due to the increased land accumulated in the current
period. This last component is measured in terms of the utility gains from manufacturing goods.

By substituting (C-2) and (C-3) in (C-5), at steady state we obtain that the efficient condition
of land accumulation is

aA(HtF)l'H?H

([{F)1+UH P\ v -1
e IF t (vF)

TV
(1—anm)YM

=[1-p1—-0L)] (C-6)

that is condition (22) in the main text.

Dynamics under the First-Best Allocation

We now characterize numerically the dynamic properties of the first-best allocation in response
to an adverse weather shock by showing the impulse response functions of the main economic
variables. Figure C-1 shows the results. In response to the weather shock, agricultural output
shows a significant drop due to the reduction in the quality of land. Clearly, the central planner
allocates resources to repair and restore farmland. To do so, there is a need for an immediate
increase in manufacturing output, which, in fact, goes up on impact. We observe that to facilitate
the recovery, labor inputs increase in both sectors, while investments in physical capital slightly
decline. By reducing investments in the manufacturing sector, the central planner reallocates
resources to more immediate needs, such as supporting agricultural recovery and stabilizing
consumption.
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Figure C-1: Impulse Responses to an Adverse Weather Shock — First-Best Allocation Policy
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Notes: The figure presents the impulse responses to a one standard deviation weather shock for the calibrated economy
under the first-best allocation. All variables are reported as percentage deviations from their stochastic steady-state level.
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Appendix D

The Ramsey Planner’s Problem

In this appendix, we briefly describe the problem of the Ramsey planner and derive some of
the results discussed in the main text. Consider the case in which the planner has access to
both fiscal and monetary policies. The Ramsey optimal policy is determined by maximizing
the social welfare function (26) with respect to the control variables, subject to the equilibrium
constraints of the decentralized economy.

Since the size of the model does not allow us to combine all the constraints into a single
implementability constraint, we follow a common approach in the literature. This involves a
hybrid method where the competitive equilibrium conditions listed in Appendix B are summa-
rized using a minimal set of equations that preserve analytical tractability. Let A; be the set
of Lagrangian multipliers associated with the constraints {)\1 s A2ty - A18 ¢} and Xt 1nd1(:ate the

set of control variables {C’At, CMt, cl,vA, C’At, CMt, ck,yM 1M, oF It , Kt , Ht , HE,
Vt , Lf , pt , pt , R, Trt }, then, consistent with a timeless perspective approach, the Ramsey

problem can be stated as follows:
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+hase [LF = (1 =o)L, - ViF] b
Consider the first-order condition with respect to inflation in the manufacturing sector, TI}M.
At the steady state the condition reads as

Aox? (HM - 1) PMyM — (D-1)

where we have used the fact that since the Ramsey planner controls the nominal interest rate,
Ry, the constraint represented by the Euler’s equation of the non-farmers is never binding, that
is A17; = 0. This implies that at the Ramsey steady state, since Ajg > 0, the optimal inflation
rate is zero, that is ITM = 1.

50



Appendix E

This appendix presents some extra results we refer to in the main text.

Stochastic Steady State Under Different Scenarios

Table E-1 reports the stochastic steady under different policy scenarios. The stochastic steady
state is defined as the equilibrium at which agents would choose to stay in the absence of shocks,
although they account for future volatility. On the concept of stochastic steady state, see Juillard
and Kamenik (2005). Sometimes, this is also referred to as risky steady-state. See Coeurdacier
et al. (2011). In the table, the last two columns represent scenarios where both policies are
non-optimal, distinguishing between Taylor rules targeting headline and core inflation. In these
scenarios, target inflation is set to zero, while the fiscal transfer to farmers is set to the optimal
value as in the Ramsey steady state. This approach ensures that, in all cases considered in this
table, the deterministic steady state aligns with the one presented in the first column of Table

2.

Table E-1: Stochastic Steady State Under Different Policy Scenarios

Ramsey  Ramsey Fiscal Ramsey Non-Optimal
Mix Monetary
HIT CIT HIT CIT

Output in agriculture Y4 2.7985 2.7987 2.7987 2.7988 2.7988 2.7988
Output in manufacturing Y™ 1.4488  1.4488  1.4488  1.4487  1.4487  1.4487
Land L¥ 4.7574 4.7576 4.7573 4.7573 4.7573 4.7573
Physical capital K 13.5382  13.5389 13.5386  13.5366  13.5377 13.5373
Labor of farmers HY 0.2340 0.2340 0.2340 0.2340 0.2340 0.2340
Labor of non-farmers H¥ 0.3670 0.3670 0.3670 0.3670 0.3670 0.3670
Consumption of farmers CF 1.3079 1.3077 1.3076 1.3075 1.3075 1.3075
Consumption of non-farmers C*  1.1601 1.1602 1.1602 1.1602 1.1602 1.1602
Headline inflation II 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Core inflation ITM 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Transfers to farmers Tr 0.8052 0.8049 0.8049 0.8048 0.8048 0.8048
Consumption heterogeneity H 0.8870 0.8872 0.8873 0.8873 0.8873 0.8873
Gross markup MP 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
Total welfare U -17.2984 -17.3064 -17.3022 -17.3015 -17.3110 -17.3033
Welfare of farmers U* 33.6465  33.5491  33.5479 33.5493  33.5471  33.5489
Welfare of non-farmers U* -33.4039 -33.3836 -33.3777 -33.3772 -33.3891 -33.3795
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Moments Under Different Scenarios

Tables E-2 and E-3 present the unconditional mean and volatility for a selection of variables
under different policy scenarios. As in the previous section, the model in the non-optimal policy
scenario is solved around the same deterministic steady state as in the Ramsey scenarios.

Table E-2: Means Under Different Scenarios

Ramsey = Ramsey Fiscal Ramsey Non-Optimal
Mix Monetary
HIT CIT HIT CIT

Output in agriculture Y4 2.8048 2.8050 2.8051 2.8051 2.8050 2.8051
Output in manufacturing Y™ 1.4488 1.4487 1.4487 1.4487 1.4487 1.4487
Land L¥ 4.9043 4.9040 4.9041 4.9038 4.9037 4.9038
Physical capital K 13.5378  13.5369 13.5368 13.5370 13.5372  13.5370
Labor of farmers HY 0.2339 0.2340 0.2340 0.2339 0.2339 0.2339
Labor of non-farmers H¥ 0.3670 0.3670 0.3670 0.3670 0.3670 0.3670
Consumption of farmers CF 1.3083 1.3077 1.3077 1.3078 1.3078 1.3078
Consumption of non-farmers C*  1.1605 1.1606 1.1606 1.1606 1.1605 1.1606
Headline inflation II 1.0000 0.9999 0.9999 1.0000 0.9999 0.9999
Core inflation TTM 1.0000 0.9999 0.9999 1.0000 0.9999 0.9999
Transfers to farmers T 0.8053 0.8047 0.8047 0.8048 0.8048 0.8048
Consumption heterogeneity H 0.8870 0.8875 0.8875 0.8874 0.8874 0.8874
Gross markup MF 1.2000 1.2000 1.2000 1.2000 1.2000 1.2000
Total welfare U -17.2925 -17.3024 -17.2977 -17.2950 -17.3059 -17.2976
Welfare of farmers U 33.6523  33.5333 33.5394  33.5565  33.5538  33.5558
Welfare of non-farmers U* -33.3980 -33.3734 -33.3691 -33.3710 -33.3844 -33.3741

Notes: The table reports the unconditional mean for a selection of variables under different policy scenarios.

Table E-3: Volatility Under Different Policy Scenarios

Ramsey Ramsey Fiscal Ramsey Non-Optimal
Mix Monetary
HIT CIT HIT CIT
Output Y 0.0343  0.0455 0.0277 0.0031 0.0569 0.0309
Output in agriculture Y4 0.5813  0.5510 0.5717 0.0522 0.5741 0.5705
Output in manufacturing Y 0.0020 0.0322 0.0081 0.0001 0.0377 0.0042
Consumption of farmers CF 0.0336  0.1333 0.0640 0.0046 0.0520 0.0497
Consumption of non-farmers C¥ 0.0360  0.0319 0.0334 0.0030 0.0374 0.0323
Headline inflation II 0.0097  0.0078 0.0112 0.0009 0.0114 0.0122
Core inflation TTM 0.0000  0.0076 0.0053 0.0000 0.0117 0.0061
Transfers to farmers T 0.0186  0.0955 0.0378 0.0000 0.0000 0.0000

Notes: The table reports the unconditional standard deviation for a selection of variables under different policy scenarios.
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Unconditional Welfare

Table E-4 presents the counterpart of Table 3 based on unconditional welfare measures. As can
be seen, the results discussed in Section 5.4 hold using this metric.

Table E-4: Welfare - Unconditional Measures

Social Farmers Non-Farmers

level cost level cost level cost
Ramsey Mix -17.2925 0 33.6523 0 -33.3980 0
Ramsey Fiscal with HIT -17.3024 0.0044 33.5333 0.0525 -33.3734 -0.0108
Ramsey Fiscal with CIT -17.2977 0.0023 33.5394 0.0498 -33.3691 -0.0127
Ramsey Monetary -17.2950 0.0011 33.5565 0.0423 -33.3710 -0.0119
Non-Optimal with HIT  -17.3059 0.0059 33.5538 0.0435 -33.3844 -0.0060
Non-Optimal with CIT  -17.2976 0.0022 33.5558 0.0426 -33.3741 -0.0105

Notes: Welfare costs are measured with respect to the Ramsey policy mix and are expressed in percentage. A positive figure
indicates that welfare is higher under the Ramsey policy than under the alternative policy rules.
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Dynamic Analysis Under Different Ramsey Policies

Figure -1 complements the findings of Section 5.3 by comparing the dynamic behavior of
additional macroeconomic variables in response to an adverse shock hurting agriculture, under
different assumptions regarding the instruments available to the Ramsey planner.

Figure E-1: Impulse Responses to an Adverse Weather Shock - Ramsey Policy with Different
Policy Instruments
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Notes: The figure presents the impulse responses to a one standard deviation weather shock when the Ramsey planner
has only access to fiscal policy with core inflation targeting (left-hand figures, bronze lines), to monetary policy (figures in
the middle, silver lines) and to both instruments (right-hand figures, gold lines). All variables are reported as percentage
deviations from their stochastic steady-state level, with the exception of consumption heterogeneity expressed in level.
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The Optimal Policy Mix When Weather Shocks Adversely Affect Both Sectors

In this section of the appendix, we extend the analysis to examine the optimal policy mix when
weather shocks negatively impact both the agriculture and manufacturing sectors. In particular,
equations (11), (16) are now replaced by

Vi = Bu((Qef) K1) (Hf,) ~oM (E-1)

and ) B B
K= (1 -6x)Qe) K + 1] (E-2)

where Q(e}’) is the same as in (3) and (4) since we assume weather events symmetrically affect
both sectors. Figure E-2 compares the dynamics of a selection of variables across the three
Ramsey policy scenarios, while Table E-5 presents the corresponding results for welfare. As
shown, deviating from the Ramsey policy mix is still more costly when the Ramsey planner has
no access to monetary policy. However, unlike in the case of asymmetric shocks hurting only
agriculture, targeting headline inflation is now less detrimental to welfare than targeting core
inflation.



Figure E-2: Impulse Responses to an Adverse Symmetrical Weather Shock - Ramsey Policy v.
Non-Optimal Policy

Output Agriculture, Y4

Output Manufacturing, Y
Non-Optimal Policy (HIT)

Optimal Policy Non-Optimal Policy (HIT)

Optimal Policy

%
O/ ‘o

5 15 25 35 5 15 25

Land, L”
Non-Optimal Policy (HIT)

35 5 15 25 35 5 15 25 35

Fertilizers, V'

Optimal Policy Non-Optimal Policy (HIT)

Optimal Policy

B BN
5 15 25 35 5 15 25 35 5 15 25 35 5 15 25 35
. . Investment, T . ) Consumption Heterogeneity, H
Non-Optimal Policy (HIT) Optimal Policy Non-Optimal Policy (HIT) Optimal Policy
|
5 15 25 35 5 15 25 35 5 15 25 35 5 15 25 35
Consumption Farmers, CF Consumption Non-Farmers, cr
Non-Optimal Policy (HIT) Optimal Policy Non-Optimal Policy (HIT) Optimal Policy
N *
5 15 25 35 5 15 25 35 5 15 25 35 5 15 25 35
Price Markup, M” Nominal Interest Rate, R
Non-Optimal Policy (HIT) Optimal Policy Non-Optimal Policy (HIT) Optimal Policy
& &
& &
5 15 25 35 5 15 25 35 5 15 25 35 5 15 25 35
Headline Inflation, IT Core Inflation, ITV
Non-Optimal Policy (HIT) Optimal Policy Non-Optimal Policy (HIT) Optimal Policy
8, &,
5 15 25 35 5 15 25 35 5 15 25 35 5 15 25 35
Terms of Trade, P*/PY Transfers, Tr!
Non-Optimal Policy (HIT) Optimal Policy Non-Optimal Policy (HIT) Optimal Policy
: ;

5 15 25 35 5 15 25 35

5 15 25 35 5 15 25

Notes: The figure presents the impulse responses to a one standard deviation weather shock affecting both sectors of g
economy under the Ramsey equilibrium (right-hand figures, gold lines) and the non-optimal policy equilibrium with headline
inflation targeting (left-hand figures, grey lines). All variables are reported as percentage deviations from their stochastic
steady-state level, with the exception of the nominal interest rate and the inflation rates, which are reported as annualized
percentage point deviations, the markup in percentage points deviations, and consumption heterogeneity expressed in level.
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Table E-5: Welfare under Symmetric Shocks - Conditional Measures

Social Farmers Non-Farmers
level cost level cost level cost
Ramsey Mix -14.4651 0 36.4864 0 -30.5727 0

Ramsey Fiscal with HIT -17.0030 1.1256 29.5607 3.1015 -31.7235 (.5088
Ramsey Fiscal with CIT -17.7289 1.4498 28.7375 3.4765 -32.4186 0.8174
Ramsey Monetary -14.5899 0.0551 34.8804 0.7108 -30.2293 -0.1514
Non-Optimal with HIT ~ -18.3806 1.7418 34.0244 1.0917 -34.9477 1.9482
Non-Optimal with CIT ~ -18.6185 1.8486 33.9624 1.1194 -35.2412 2.0802

Notes: The table reports the results on welfare when adverse weather shocks hurt symmetrically both sectors. Welfare
costs are measured with respect to the Ramsey policy mix and are expressed in percentage. A positive figure indicates that
welfare is higher under the Ramsey policy than under the alternative policy rules.
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Agents Can Borrow from Each Other

What if, in response to weather shocks, farmers are allowed to borrow from non-farmers? In
this section of the appendix, we extend the analysis to consider the case in which agents of the
economy can borrow from each other at the risk-free rate of R. This implies that equation (9),
is now replaced by

o
dv

where B}, when negative, represents the amount of debt held by farmers. In equilibrium, the
total amount of credit in the economy is zero:

PAYA - i)+ Prrf +Bf = R_BE + PMCY + PMry (E-3)

spBE + (1 —sp)Bf =0. (E-4)

It follows that condition (F-5) now determines the net debt (or credit) position of farmers:

AAF F F M F (VtF)QSV
(]-_SF)Pt CA,t+SF (Bt _Rtlet—l) :SFPt CM’t+TVT

(E-5)
It can be shown, that when the economy is hit by an adverse weather event, farmers borrow
from non-farmers, ending up with a positive amount of debt that is rolled over indefinitely.

When we allow agents to borrow from each other, the Ramsey fiscal policy remains indeter-
minate, as time-varying fiscal transfers already allow the planner to immediately support farmers
in response to the shocks, preventing them from taking on debt. Nonetheless, we are able to
solve the model under optimal monetary policy, as well as under the two non-optimal policy
scenarios with constant fiscal transfers and either core inflation targeting or headline inflation
targeting. Table 3 presents the conditional welfare measures and associated welfare costs relative
to the scenario where both policies are optimally implemented. As we can observe, the results
closely resemble those of Table -6, with core inflation targeting still outperforming headline
inflation in terms of policy effectiveness.

Table E-6: Welfare when Agents Can Borrow from Each Other - Conditional Measures

Social Farmers Non-Farmers
Level Cost Level Cost Level Cost
Ramsey Monetary -17.3017 0.0008 33.5476 0.0430 -33.3770 -0.0126

Non-Optimal with HIT -17.3125 0.0055 33.5453 0.0440 -33.3905 -0.0067
Non-Optimal with CIT -17.3042 0.0018 33.5471 0.0432 -33.3801 -0.0113

Notes: The table reports the results on welfare when adverse weather shocks hurt only the agriculture sector. Welfare costs
are measured with respect to the Ramsey policy mix and are expressed in percentages. A positive figure indicates that
welfare is higher under the Ramsey policy than under the alternative policy rules.
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