
 

 

 

 

 

Coffee prices volatility and 

transmission: Developing risk 

management instruments for coffee 

growers in Ecuador 

 

Tesis Doctoral 

Andrés Renato Jácome Gagñay 

 

Economista 

M.Sc. en Economía y Dirección de 

Empresas 

 

Madrid 2017 



ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Coffee prices volatility and 

transmission: Developing risk 

management instruments for coffee 

growers in Ecuador 

 

Memoria presentada por: 

Andrés Renato Jácome Gagñay 

 

Para la obtención del grado de Doctor por la Universidad 

Politécnica de Madrid 

 

Director 

Dr. Alberto Garrido Colmenero 

 

 



iv 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

 

 

Tribunal nombrado por el Sr. Rector Magfco. de la Universidad Politécnica de Madrid, el 

día ……… de …………………. de 201…  

 

Presidente: …………………………………………………………………………  

Vocal: ……………………………………………………………………………… 

Vocal: ………………………………………………………………………………  

Vocal: …………………………………………………………………………….  

Secretario: …………………………………………………………………………. 

Suplente:……………………………………………………………………………. 

Suplente: …………………………………………………………………………… 

 

Realizado el acto de defensa y lectura de la Tesis el día …… de …………. de 201… en la 

E.T.S.I./Facultad ……………………….  

 

Calificación ………………………………………….  

 

PRESIDENTE (A)                                                               LOS VOCALES  

 

 

 

 

SECRETARIO (A) 

 

 



vi 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vii 

 

ALBERTO GARRIDO COLMENERO, catedrático del departamento de Economía agraria, 

Estadística y Gestión de empresas de la Universidad Politécnica de Madrid. 

 

 

CERTIFICA 

 

 

 

Que el trabajo presentado por ANDRES RENATO JÁCOME GAGÑAY, Master en 

Economía y Dirección de Empresas, constituye un trabajo original de investigación y que ha 

sido realizado bajo nuestra dirección. 

 

 

Puesto que el mismo cumple con la normativa vigente en materia de Doctorado, autorizaos 

su presentación. 

 

 

 

 

Madrid,    de         de 2017. 

 

 

 

Fdo. 

Alberto Garrido Colmenero  

 

 

 

 

 

 

 

 



viii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

ix 

 

Summary 
 

One of the most important agricultural activities in the Ecuadorian economy is coffee 

production. It is based upon two varieties: Robusta and Arabica. Coffee production chain 

involves growers, intermediaries and (manufactured and exporting) firms.  

 

Coffee is considered as one of the main agricultural export products, only behind of banana 

and cacao. In fact, coffee exports have been increasing since 2003. On the other hand, coffee 

production has followed a decreasing trend since 2002 as a result of more coffee growers 

taking exit decisions than those that entering the sector, especially during the decade of 2002-

2012. Therefore, manufacturing firms import coffee beans from Asian countries due to lack 

of coffee production in the domestic market.  

 

This declining trend has raised the attention of the Ecuadorian Government, policy makers 

and economic agents. The Government launched a renewal coffee program to improve 

coffee production in the domestic market which started towards the end of 2011. With the 

previously described situation, this thesis evaluates the coffee market situation from an 

economic perspective, focusing mainly on the coffee growers’ profitability and economic 

risks. To evaluate the sector’s conditions, the thesis is focused on three separate but closely 

related topics: first, chapter 2 quantifies the volatility of Robusta and Arabica coffee prices 

in the domestic market. The chapter tests the existence of asymmetric price transmission 

from world to domestic market. Secondly, chapter 3 asks whether coffee growers took exit 

decisions out of the sector during the decade 2002-2012 because of the effects of prices 

volatility. Finally, the chapter 4 values the use of risk management tools as a mechanism to 

stabilize the revenues and benefits of coffee growers.    

 

The volatility price level of both coffee varieties (Robusta and Arabica) is quantified with 

the Autoregressive Conditional Heteroscedasticity (ARCH) model. Price volatility is an 

important source of risk for the sector which was confirmed in chapter 3. High periods of 

volatility are found for both coffee varieties. However, Robusta coffee prices have shown a 

reduction of volatility since 2006, compared with the Arabica variety prices which 

maintained a high volatile behavior. 
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The existence of asymmetric price transmission in the coffee market has been tested with a 

Threshold Vector Error Correction Model (TVECM) for both coffee varieties. The results 

showed the existence of different adjustment speeds in the two regimes to converge to the 

equilibrium between domestic and world coffee prices. Additionally, the results showed 

faster adjustment speed of Arabica prices than with Robusta prices.  

 

To test the Volatility price effects in the exit decisions of the coffee growers, a Real Option 

Analysis is performed for Robusta and Arabica activity. Results confirm the hypothesis that 

price volatility drives growers out of the sector in both coffee varieties (Robusta and 

Arabica). Moreover, simulation results revealed that coffee growers have a high cost of 

production, compared to the price of the raw product. These high production costs along 

with volatile and uncertain environments increase the incentives to growers to abandon the 

activity.  

 

The Ecuadorian coffee grower sector has been on a downturn tendency, as a result of the 

effects of volatility prices and growing costs; resulting in an uncertain and asymmetry 

environment. These facts arouse concerns and resulted in the support of the government with 

the implementation of policies to improve the coffee growers’ revenues and benefits. Also, 

alternative risk management tools are analyzed due to the limited access to future market in 

Ecuador. For example, one of the tools the Ecuadorian government launched is the crop 

insurance to mitigate the production risk.  

 

Chapter 4 proposes a revenue insurance policy as a tool to mitigate the price risk. The study 

models the benefits of coffee growers with the use of risk management tools and evaluates 

the efficiency of public expenditure in the use of tools. The result shows that the use of 

revenue insurance allows growers to obtain greater benefits. From the perspective of the 

efficiency of public expenditure, the best risk management tool is the revenue insurance. 

This improves the growers’ benefit and reduces the benefit variability. Therefore, Revenue 

insurance affords the best private profit returns per unit of government expenditure (subsidy 

of premium).  

 

The thesis focused on the evaluation of the economic factors underlying the significant 

downturn tendency of the coffee sector in Ecuador. Its main goal was to contribute to the 

literature by addressing the effects of price instability and transmission since the world 
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market, and to analyze alternative policies that might help to revert to the declining trend of 

the sector. In short, the effects of price volatility are the main topic in this thesis. The results 

of this economic fact confirm the damage to the sector. The Revenue insurance would aim 

growers to reduce the volatility, so this tool has a more relevance in low price periods and 

permits growers to get a profitable activity in the long-run.    
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Resumen 

 

Una de las más importantes actividades agrícolas en la economía ecuatoriana es la 

producción de café. Se basa en dos variedades: Robusta y Arábica. La cadena producción 

del café involucra a productores, intermediarios y (manufactura y exportadoras) empresas.  

 

El café es considerado como uno de los principales productos agrícolas de exportación, solo 

detrás del banano y cacao. En efecto, las exportaciones de café se han incrementado desde 

2003. Por otra parte, la producción de café ha seguido una decreciente tendencia desde 2002 

como resultado muchos productores de café tomaron decisiones de salida que de entrada al 

sector, especialmente durante la década de 2002 -2012. Por lo tanto, las empresas de 

manufactura importan café desde países asiáticos debido a la falta de producción de café en 

el mercado interno.  

 

Esta tendencia decreciente ha llamado la atención del gobierno ecuatoriano, forjadores de 

políticas y agentes económicos. El gobierno lanzo el programa de renovación de café para 

mejorar la producción de café en el mercado interno que comenzó a finales del 2011. Con 

esta situación descrita anteriormente, esta tesis evalúa la situación del mercado de café desde 

una perspectiva económica, enfocándose principalmente en la rentabilidad y riesgos 

económicos de los productores de café. Para evaluar las condiciones del sector, la tesis está 

enfocada en tres separados temas que están estrechamente relacionados: primeramente, el 

capítulo 2 cuantifica la volatilidad de los precios de café de Robusta y Arábica en el mercado 

interno. El capítulo testea la existencia de la asimétrica transmisión de precios desde el 

mercado global hacia el interno. En segundo lugar, el capítulo 3 pregunta si los productores 

de café tomaron decisiones de salida del sector durante la década del 2002 – 2012 debido a 

los efectos de la volatilidad de precios. Finalmente, el capítulo 4 valora el uso de las 

herramientas de gestión de riesgo como un mecanismo para estabilizar los ingresos y 

beneficios de los productores de café.  

 

El nivel de volatilidad de los precios de ambas variedades de café (Robusta y Arábica) es 

cuantificado con el Autoregresivo Condicional Heterocedastico (ARCH) modelo. La 

volatilidad del precio es una importante fuente de riesgo para el sector que fue confirmado 

en el capítulo 3. Altos periodos de volatilidad fueron encontrados para ambas variedades. 
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Sin embargo, los precios de café Robusta han mostrado una reducción de la volatilidad desde 

2006, comparado con los precios de la variedad Arábica que mantuvieron un 

comportamiento altamente volátil.  

 

La existencia de la asimétrica transmisión de precios en el mercado de café ha sido 

examinada con el modelo de Vector Umbral de Corrección de Errores (TVECM) para ambas 

variedades. Los resultados mostraron la existencia de diferentes velocidades de ajustes en 

los dos regímenes que convergen al equilibrio entre los precios de café internos y mundiales. 

Adicionalmente, los resultados mostraron una velocidad de ajuste más rápida en los precios 

de Arábica que con los precios de Robusta.   

 

Para examinar el efecto de la volatilidad de los precios en las decisiones de salida de los 

productores de café, el Análisis de Opciones Reales fue ejecutado para la actividad de 

Robusta y Arábica. Los resultados confirmaron la hipótesis que la volatilidad de los precios 

conduce a los productores a salir del sector para ambas variedades de café (Robusta y 

Arábica).  Además, los resultados de las simulaciones revelan que los productores de café 

tienen un alto costo de producción comparado con los precios del café. Estos altos costos de 

producción junto con un volátil e incierto ambiente incrementan los incentivos a los 

productores para abandonar la actividad.    

 

El sector de productores de café ecuatoriano ha tenido una tendencia decreciente, como 

resultado de los efectos de la volatilidad de los precios y costos crecientes; resultando en un 

incierto y asimétrico ambiente. Estos hechos despertaron preocupaciones y resulto en el 

apoyo del gobierno en la implementación de políticas para mejorar los ingresos y beneficios 

de los productores de café.  Además, una gestión de riesgo alternativa fue analizada debido 

al limitado acceso del mercado de futuros en el Ecuador. Por ejemplo, uno de las 

herramientas que lanzo el gobierno ecuatoriano es el seguro de cosecha para mitigar el riesgo 

de producción.  

 

El capítulo 4 propone la política de seguro de ingreso como una herramienta para mitigar el 

riesgo de precio. El estudio modela los beneficios de los productores de café con el uso de 

las herramientas de gestión de riesgo y evalúa la eficiencia del gasto público en el uso de 

estas herramientas. El resultado muestra que el uso del seguro de ingreso permite a los 

productores obtener grandes beneficios. Desde la perspectiva de un eficiente gasto público, 
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la mejor herramienta de gestión de riesgo es el seguro de ingreso. Esta mejora los beneficios 

de los productores y reduce la variabilidad de los beneficios.  Por lo tanto, el seguro de 

ingreso ofrece el mejor retorno privado por unidad de gasto público (subsidio de la prima). 

 

La tesis enfoca la evaluación de factores económicos que subyacen la tendencia decreciente 

del sector de café del Ecuador. Su principal objetivo fue la contribución a la literatura 

abordando los efectos de la inestabilidad de los precios y transmisión desde el mercado 

mundial, y analizar políticas alternativas que permitirán ayudar a revertir la tendencia 

decreciente del sector.  En resumen, los efectos de la volatilidad de precios son los 

principales temas en esta tesis. Los resultados de este hecho económico confirman el daño 

hacia el sector. El seguro de ingreso ayudaría a los productores a reducir la volatilidad, por 

lo que esta herramienta es más relevante en periodos de bajo precio y permitiría a los 

productores a tener una actividad rentable en el largo plazo.  
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Chapter 1 

 

Introduction  

 

1.1 Volatility and asymmetric price transmission in the coffee sector 
 

The agricultural activity is characterized by the risks to which growers are exposed. The 

production and price risks are the main concern for growers (Schaffnit-Chatterjee, 2010). 

These factors have an influence in the revenues and benefits each year. Growers’ strategies 

and actions to reduce these risks are: diversification of crops, selection of technology 

(optimization and modernization), selection of agricultural systems, use of improved seeds, 

planted seed varieties (different maturity dates), vertical or horizontal integration, hedging 

(price, production and weather) contracts, crop insurance, used crop-share land rents, hired 

equipment and machinery, debt management, extra work during difficult times, cut private 

spending, off-farm employment and off-farm investments (Harwood et al., 1999; Schaffnit-

Chatterjee, 2010; Tangermann, 2011; Janowicz-Lomott and Łyskawa, 2014; Wauters et al., 

2014).  Even though the growers commonly carry out these actions, they occasionally obtain 

low revenues and benefits due to the production and price risks.  

 

Coffee is a commodity that is negotiated in the global exchange markets (New York and 

London). The coffee market has value chains with multiple formats and contractual 

mechanisms in all world countries. Coffee prices primarily respond to supply movements of 

coffee-producing countries. The main coffee-producing countries are Brazil, Vietnam, 

Colombia and Indonesia. Any positive or negative shock in the main producing countries gives 

rise to price variations in the international and domestic market (ICO, 2009). International 
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price variations are exogenously transmitted to domestic markets of smaller producing 

countries. 

 

Volatility measures the speed and frequency of prices changes in the market. The volatility in 

the coffee market is partly explained by changes in the supply (production) of coffee-

producing countries and world´s population demand. Coffee world supply has changed by 

factors like: new plantations (Asian countries), frost, coffee diseases, export quotas of the 

International Coffee Agreement and de-regulation of coffee market (ICO, 2002, 2014a). 

Volatility drives growers to abandon the crop because of low prices received for the harvest 

(ICO, 2002), and price fluctuation creates an uncertain environment for growers with few 

possibilities to constrain or mitigate it. This is why it is important to consider market´s 

instability in both growers’ decisions and in the elaboration and performance of programs and 

policy for the sector (Luong and Tauer, 2006).  

 

Volatility of coffee prices has been studied in many countries to quantify it or to assess the 

effects in the growers´ revenues and benefits. Studies with ARCH and GARCH methodology 

have demonstrated the existence of volatility. These studies found different levels in the 

domestic market of each analyzed country (Worako et al., 2011; Lukanima and Swaray, 2014; 

Mohan et al., 2014). Volatility levels differ between coffee-producing countries (Worako et 

al., 2011), which means that some markets are more volatile than others. The outcomes of 

volatility studies have showed that growers are the most affected agents in the value chain 

production (Lukanima and Swaray, 2014; Malan, 2013; Mohan et al., 2014; Worako et al., 

2011; Rueda and Lambin, 2013). 

 

Moreover, the coffee sector features other economic phenomena, including price transmission 

over different value chains and horizontally. This exists when prices change in one market and 

those price movements affect other prices upstream or downstream the value chain. Therefore, 

it shows how the markets work and the integration among them (Rapsomanikis et al., 2003). 

Meyer and Cramon-Taudabel (2004) indicated three factors that determine the existence of 

price transmission in the market: Firstly, market power is the main factor that causes price 

transmission. It is represented in markets in which one part of the value chain has the 

leadership, controlling participants, and captures a significant part of the benefits in detriment 

of other participants. Secondly, adjustment and menu costs are the expenses that firms or 

participants incur when the inputs of outputs experience a variation. Also, it is associated with 
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the time involved in replacing an input or output for the firm. Finally, other causes such as 

policy regulations, asymmetric information and inventory management are considered sources 

of asymmetry, but these sources have a low weight in the determination of price transmission.    

  

Asymmetric price transmission occurs when there is different adjustment speed of positive or 

negative deviations to the long-run equilibrium. In the agricultural sector, this issue gains 

importance because it determines market distortions and motivates policies or actions to 

correct it. Growers are the most affected participants in the value chain, and they are exposed 

to receive lower earnings than would be expected during periods of high prices. Studies about 

agricultural price transmission are carried out with different purposes: policies, market 

operation, value chain production and effects of exogenous (external) shocks in the domestic 

market. For coffee, price transmission from world to domestic prices speed up during periods 

of decreased prices (Worako et al., 2008; Subervie, 2011); the prices change with a 

considerable velocity and growers are the most affected part of the value chain production. 

They might receive a reduced price, which might not cover the production cost. This scenario 

stimulates coffee growers to take exits decision from an unprofitable activity. In addition, slow 

adjustments have been found in the increasing price periods (Milas et al., 2004), which means 

that the benefits in these high price periods do not reach growers in the same proportion as the 

other participants of the value chain production.   

 

Other coffee studies focus on the evaluation of price transmission between markets: Gomez 

and Koerner (2009) determined different velocity adjustments of coffee prices in the retail 

sector of importing countries. The reason for obtaining different results were due to the 

composition of market structure of each analyzed coffee-producing country. Lee and Gómez 

(2013) determined different results (positive and negative) of price variations for coffee-

importing countries. The results show that price transmission could not produce the same 

expected results (all positive or all negative) in all markets. Also, difference of quality of the 

coffee crop and integration with the world market produces different results of price 

transmission (Li and Saghaian, 2013). 

 

Coffee price transmission studies are evaluated for market reforms (most of the times, 

liberalization of the sector) in the countries. Countries that drive the liberalization of the coffee 

sector bring about a strong relationship between participants (Worako et al., 2008). Countries 

with a liberalized coffee sector make their domestic markets more exposed to world price 
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movements (Mofya-Mukuka and Abdulai, 2013). But the main problem lies within the low-

price periods, the adjustment is faster and coffee growers are the most affected ones in those 

situations (Worako et al., 2008; Subervie, 2011).  

 

Robusta and Arabica are the two main coffee varieties that cover most consumption and 

production in the world market. World coffee production increased from 4.52 million t. in 

1960 to 8.92 million t. in 2013 (FAO, 2015). The maximum production was reached in 2012 

with 9.12 million of t. Coffee production has been growing steadily in the last two decades. 

Asian countries (primarily, Vietnam and Indonesia) pushed the production and export of 

coffee in the world, and their production has compensated the reduction of American coffee-

producing countries. In American countries, coffee trees’ diseases and pests have damaged the 

production considerably (ICO, 2014b). According to FAO data (FAO, 2015), Brazil has been 

the main coffee producing-country since 1961. Brazil, Colombia, Mexico, Peru, Ethiopia and 

Indonesia are the main producers of the Arabica variety. Robusta coffee is mainly produced 

in Asian (Vietnam, Indonesia and India) and African countries (Uganda and Cote d’ Ivore). 

The Arabica coffee has a superior quality than Robusta coffee, which is reflected in its higher 

market price.  

 

1.2 Ecuadorian Coffee production 
 

Agricultural production is one of the most important sectors in Ecuador, contributing with 

7.60% of Gross Domestic Product of 2015 in Ecuador (BCE, 2016). Banana, cacao and coffee 

are the main important agricultural exports products in Ecuador. The agricultural coffee sector 

is relevant due to the employment that the activity generates for 105,000 of Ecuadorian 

families (COFENAC, 2013). Robusta variety grows in the lowlands and Arabica in the 

highlands. The crop requires a considerable amount of rain and temperatures: Robusta requires 

a temperature between 22º and 26º Celsius, and Arabica requires a temperature in the range of 

18º - 21º Celsius (Villavicencio and Vázquez, 2002).  Coffee is exported to the United States, 

Germany, Poland, Colombia, and Russia. In 2016, Ecuadorian coffee exports reached 146 

million of USD in 2016 (ANECAFE, 2017). Coffee exports declined significantly in the last 

two decades. In 1992 – 1994, coffee exports reached 411 and 243 million of USD, but 

plummeted to 45, 42, 44 and 48 million of USD in years 2000, 2001, 2002 and 2003. Causes 

of these facts are the price and production variations in the international and domestic market.  
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In Ecuador, coffee production has showed a decreasing tendency. In 2013, Ecuador produced 

7,760 t. (FAO, 2015), a much lower amount than in 1991 (138,579 t) and 2000 (138,030 t). 

This demonstrates the sharp reduction of production and the magnitude of the sector’s crisis. 

In terms of the crop’s planting area, the last Agricultural Census of 2000 indicated a surface 

of 320,910 ha. (INEC, 2012), but the INEC estimated 97,684 hectares dedicated to coffee 

production in 2013. This reduction might be explained by growers’ exposure to production 

and market risks. Causes of production risks are associated with natural events as hail, freeze, 

and droughts. Moreover, diseases or pests of the crops entail a reduction of the harvest. 

Diseases and pests could be controlled by growers if they use pesticides or agrochemical 

products correctly. In Ecuador, the use of fertilizers (13.33%) and pesticides (15.45%) by 

coffee growers are low according to INEC statistics (INEC, 2012). Factors like the low use of 

improved seeds, aging trees, poor quality of the crop, diseases, pests and climate variations 

are the main causes of a low production in the coffee sector (COFENAC, 2013). Thus, the 

coffee grower is exposed to production risks with a higher frequency. The Ecuadorian 

government proposed crop insurance as a tool to mitigate the production risk (MAGAP, 2017). 

The coffee crop was included in 2015. However, if coffee growers decide to use the crop 

insurance, they would only secure the yield of the farm, but they would continue being exposed 

to the variability of price in the market. 

 

One of the concerns of growers is the price that they would receive for the harvest (Martin, 

1996; Schaffnit-Chatterjee, 2010; Toledo et al., 2011). Price movements in the agriculture 

sector create an uncertain environment and benefits. Moreover, if the crop is a commodity, the 

volatile prices are presented with most frequency in the market. Risk management tools and 

part stabilization model are developed to guarantee a reduction of volatility (Mohan, 2007; 

Malan, 2013). Reducing the volatility brings better prices for growers and welfare gains for 

coffee growers (Mohan, 2007: Mohan et al., 2014). The success of these tools depends on the 

confidence of the markets participants, and of governments and agencies.  

 

Alternatively, another solution to constrain the effect of volatility is coffee growers changing 

to an organic and shading coffee systems. Growers could receive a better price if they decide 

to change toward these production systems. Consumers prefer a better quality of coffee and 

production systems that are friendlier with the environment (Delgado and Pérez, 2013; 

Borkhataria et al., 2012). In Ecuador, the lack of official data about these systems (organic and 

shading coffee system) makes it difficult to measure the number of growers that decide to 
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change. Even though these systems bring better revenues for the crop, growers must cope with 

increasing production costs. Labor is the cost input that would increase in these coffee systems 

(Ruben & Fort, 2012). Coffee growers have already been exposed to volatility and price 

transmission. Therefore, the possible benefits are uncertain for coffee growers that use organic 

and shading coffee systems.     

 

1.3 Benefits of Risk Management tools  
 

To mitigate the price risks, growers also use the future market as an option to secure a better 

price for their harvest. Future and other hedging contracts bring the possibility of stabilizing 

the growers’ prices, revenues and benefits. The use of future contracts has associated costs for 

growers in the shape of information on the market and the necessary time to learn how to 

operate in the system. There are also commissions and other market participation costs. In 

developed countries, growers have access to enter and operate in the market easily. However, 

in developing countries, the future markets are limited and growers have a low participation. 

Schaffnit-Chatterjee (2010) defines the transaction costs and information as a limitation of the 

use of future market by growers. Additionally, Dana and Gilbert (2008) describe that the size 

of contracts and credits for operating in the markets is another factor that has limited the use 

of the market by growers.     

 

Risk management tools have been developed to mitigate the effects of uncertain and volatile 

prices. Governments’ concerns about the situation of growers have resulted in policies, 

programs and projects. The main goal of these actions is the improvement of revenues and 

benefits of the growers.  Direct payments, price stabilization, crop and revenues insurances, 

income stabilization tools and more tools have been used in isolation or combined in these 

policies and programs. The success of policies and programs depends on grower’s 

participation in them. Growers with a high level education or knowledge are induced to 

participate in the programs with more frequency (Mishra and El-Osta, 2002). This policy has 

sometimes low growers’ participation, because of the low benefit perception that growers have 

about the policy or program (Yang et al., 2010). Therefore, the government actions should 

resolve to define a policy and program that has a good perception of growers and search the 

most participation of them.   
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The Ecuadorian coffee production has diminished considerably since 2002. The lack of 

production of Ecuadorian coffee production has driven the (industrialized and exports) firms 

to import coffee beans from Asian and South American countries to process and re-export the 

coffee to export markets. In Ecuador, the coffee grower sector suffers the effects of volatility 

prices, high production costs, and faces diseases and pests each year. Actions and policies of 

the government have been performed to support coffee growers in technical and production 

areas, but the main problem is rooted in the price variations and the low prices received by 

coffee growers. Growers face an uncertain and increasingly volatile environment each year, 

so they would still be encouraged to exit the sector and the government’s support may not be 

successful (to reactivate the coffee production in Ecuador). 

 

The thesis is mainly motivated to contribute to the literature about studies focusing on the 

coffee sector and production. It also seeks to provide useful information for the development 

of actions, policies and programs to support coffee growers to revert the actual situation 

(decreasing coffee production). The thesis focuses on the evaluation of economic drivers for 

coffee growers in Ecuador for the Arabica and Robusta varieties. Volatility and price 

transmission entail the negative effects for coffee growers, as shown in the literature 

previously described. This is why it is important to test the presence of this economic driver 

in the Ecuadorian coffee sector.  Chapter 2 quantifies the volatility levels to which coffee 

growers are exposed in the domestic market. Furthermore, the chapter tests the presence of 

asymmetric price transmission from world to domestic markets. The outcomes of this chapter 

will be relevant and aim to diagnose potential market distortions in the sector. Chapter 3 

evaluates the effects of volatility prices in the exit decision of the coffee growers. The expected 

results would show the negative effects for the grower sector and explained, in economic 

terms, the reduction of coffee production (growers abandoning the sector) and the high barrier 

to enter (the prices are lower than cost production).  

 

The outcomes of chapters 2 and 3 aim to propose a solution for the coffee grower situation. In 

the case of Ecuadorian coffee market, growers do not have a tool (risk management or access 

to future contracts in the stock exchange) to reduce or mitigate the effects of volatility prices. 

Chapter 4 analyzes the use of risk management tools for Ecuadorian coffee growers. The 

chapter poses the use of a revenue insurance as a tool to mitigate the price risk. Considering 

that growers do not have the resources required to contract an insurance, the Ecuadorian 
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government helps growers with the subsidy of the premium1. So, the analysis is focused on 

efficiency of public expenditure in the risk management tools. The results of this analysis 

would help to define a policy for coffee growers to reduce the effects of volatility prices (price 

risk) and improve the benefits of the growers to have a profitable activity in the long-run. 

 

1.2 Thesis Research Goals  
 

The thesis is focused on the evaluation of economic drivers (volatility of coffee prices and 

asymmetric price transmission) that negatively affect coffee growers in Ecuador, exposing 

them to a volatile and uncertain environment.  Coffee growers have received low prices for a 

long time, reducing the benefits and encouraging them to take exit decision from the sector. 

For this reason, risk management tools are studied to determine whether their use improves 

the growers’ benefits and encourages growers to maintain the activity in the long-run. In 

Ecuador, the government supports growers with the subsidy of the premium because of 

growers do not have the economic resources to contract an insurance. Therefore, we focus on 

the use of risk management tool from an efficient public expenditure and private benefits 

points of view.  

 

The main objective of this research is to answer the following specific questions:  

 

 Considering the price movements in the world and domestic market, do Ecuadorian 

coffee growers behave in an environment of volatile prices? 

 Different coffee price movements (positive/negative) in the world market could affect 

the domestic prices in different way. From a global to domestic market perspective, do 

the Ecuadorian growers work in an asymmetric price environment? 

 The Ecuadorian coffee production has decreased since 2002, have coffee growers been 

inclined to exit the sector due to volatile and uncertain prices for the 2002-2012 period? 

 Coffee growers could be encouraged to exit the sector because prices received are 

lower than production costs. Which coffee prices triggered the exit decision in the 

Ecuadorian market? 

                                                 
1 For the crop insurance, the Ecuadorian government support growers with the subsidy of the premium. 
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 To improve the growers’ benefits, the revenue insurance would be proposed as a risk 

management tool. Would revenue insurance offer a better and more efficient risk 

management result for growers? 

 

1.3 Structure of the thesis 
 

Figure 1.1 shows the structure of the thesis, which is organized in 5 chapters. In chapters 2 

and 3, the thesis focuses on the evaluation of existence of volatility and asymmetric price 

transmission in the domestic market, and the impact of volatility on the growers’ decision 

leave the sector.  Chapter 4 evaluates the revenue insurance as a policy to improve grower 

benefits and situation. Finally, the conclusion chapter summarizes the main results, draws 

policy recommendations and suggests areas for future research for the sector.  

 

 

Figure 1.1 Structure of the thesis 

Source: Own elaboration 
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Chapter 2 quantifies the Volatility of the domestic market and tests the presence of 

Asymmetric price transmission from world to domestic market. The estimation of both effects 

(Volatility and Asymmetric Price Transmission) is performed for Robusta and Arabica coffee 

varieties. Firstly, the volatility is estimated with an Autoregressive conditional 

heteroscedasticity model (ARCH). Secondly, the Asymmetric price transmission is evaluated 

with the Threshold vector error correction model (TVECM) from world to domestic prices for 

each coffee variety. The analyzed period for the study is 2001 – 2012.  

 

In chapter 3, Real Option analysis is used to evaluate the effects of volatility of coffee prices 

in the exit decisions of Ecuadorian growers. The importance of this methodology highlights 

by the including concepts of uncertainty and irreversibility in investment decisions. The 

evaluation period is runs 2002 to 2012 for both coffee varieties (Arabica and Robusta).  Monte 

Carlo simulations of the parameters of the model are performed to obtain the main variables 

that affected growers’ benefits. The outcomes would help the government and policy makers 

in the design of a policy and programs for the sector.     

 

Chapter 4 analyzes the use of risk management tools in the coffee sector (Arabica and Robusta 

varieties). The Ecuadorian government supports growers with the subsidy of the premium. 

Therefore, the chapter is focused on the evaluation of efficiency of risk management tools 

from a public expenditure point of view. In Ecuador, crop insurance is the only risk 

management offered for the agricultural sector. Therefore, the chapter proposes the use of 

revenue insurance as a mechanism to stabilize the revenues and benefits of the growers. The 

chapter is modeled with 4 scenarios:  1) without risk management tool, 2) only crop insurance, 

3) revenue insurance and 4) crop and revenue insurance. The analyzed period is the year 2016. 

The certainty equivalent aims to evaluate the best private return that grower obtained from the 

public expenditure in the risk management tools.   

 

Chapter 5 includes the main conclusions of this study. Also, it describes the limitation of this 

research. Finally, the recommendation and future research are realized of this study.    
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1.4 Publications and statement of authorship  

 

The three main chapters are published or under revision in scientific journals. The author 

contributions are described below in the chronological order:  

 

Chapter 2 is accepted in the International Journal of Sciences: Basic and Applied Research.   

 

Jácome, A. R. and Garrido, A. (2017). Volatility and price transmission from world prices to 

the Ecuadorian coffee market.  

 

Author Contributions: Conception and Design: Andrés Jácome and Alberto Garrido. 

Acquisition and Interpretation of the data: Andrés Jácome. Administrative, Technical and 

material support: Andrés Jácome and Alberto Garrido. Wrote the paper: Andrés Jácome and 

Alberto Garrido. Supervising the work: Alberto Garrido. 

 

Jácome, A. R. and Garrido, A. Evaluation of asymmetry price transmission in Ecuadorian 

Coffee sector. Poster Presentation. 3rd GlobalFood Symposium 2017, Gottingen, Germany, 

28-29 April 2017. 

 

Chapter 3 is published in the Spanish Journal of Agricultural Research. 

  

Jácome, A. R. and Garrido, A. (2017). A Real Option Analysis applied to the production of 

Arabica and Robusta Coffee in Ecuador. Spanish Journal of Agricultural Research, Volume 

15, Issue 1, e0104. 

 

Author Contributions: Conception and Design: Andrés Jácome and Alberto Garrido. 

Acquisition and Interpretation of the data: Andrés Jácome. Administrative, Technical and 

material support: Andrés Jácome and Alberto Garrido. Wrote the paper: Andrés Jácome and 

Alberto Garrido. Supervising the work: Alberto Garrido. 

 

Chapter 4 has been submitted to Agribusiness: An International Journal.  
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Jácome, A. R. and Garrido, A. (2017). The efficiency of public expenditure in risk 

management tools for Ecuadorian coffee growers.  

 

Author Contributions: Conception and Design: Andrés Jácome and Alberto Garrido. 

Acquisition and Interpretation of the data: Andrés Jácome. Administrative, Technical and 

material support: Andrés Jácome and Alberto Garrido. Wrote the paper: Andrés Jácome and 

Alberto Garrido. Supervising the work: Alberto Garrido. 

 

1.5 Research Context  

 

This thesis was carried out from September 2014 – June 2017. The thesis was financed by a 

scholarship obtained for the Ecuadorian government “Convocatoria Abierta 2012 - Fase 2”. 

The scholarship aims to finance PHD studies in prestigious Universities in the world.    
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Chapter 2 

 

Volatility and price transmission from world prices to the 

Ecuadorian coffee market  
 

2.1 Introduction 

 

Coffee is negotiated at global stock exchanges; whose prices provide a reference for the 

domestic market of coffee-producing countries. Any movement (increasing/ decreasing) of 

coffee prices in the world market affect the domestic prices in the physical markets around the 

world. Coffee prices in domestic markets of coffee-producing countries have been shown to 

be volatile (Worako et al., 2011; Lukanima et al., 2014; Mohan et al., 2014). This translates 

as uncertainty in the growers’ benefits. Price fluctuations were a cause of poverty for growers 

and this situation was difficult to mitigate (ICO, 2014b). 

 

Growers constitute the part of the production chain that receives lower earnings in increasing 

price periods and are affected more rapidly by decreasing price periods (Worako et al., 2008; 

Subervie, 2011). The asymmetry is determined by factors such as: market power, adjustment 

costs and menu costs (Meyer and Cramon-Taubadel, 2004). Asymmetric price transmission 

gives rise to different adjustment speeds in positive or negative deviations to the long-run 

equilibrium. 

 

Ecuador is a coffee-exporting country. Official statistics showed that coffee is one of the 

largest exporting agricultural sectors. In 2012, Ecuador exported 261 million USD and 

produced 35,000 t (FAO, 2015). Growers are located in most of the 23 provinces of the 

country. It was estimated that the coffee grower activity generated 105,000 employments in 



42 

 

2012 (COFENAC, 2013). The Ecuadorian coffee market operates in a competitive 

environment. The government has implemented support programs for the growers since the 

end of 2011.  

 

From a global to domestic market perspective, do the Ecuadorian growers work in an 

asymmetric price environment? To answer this question, we used the Hansen and Seo (2002) 

methodology for the period January 2001 – December 2012. First, we tested a cointegration 

relationship of monthly ICO prices (Other Milds for Arabica and Robusta) with the Ecuadorian 

prices for each coffee variety. Next, we estimated the threshold error correction model. With 

the results of this analysis, we expected to find an asymmetric price environment. Our results 

would be considered by policy makers in defining a policy to help growers benefit from world 

transmission prices.  Moreover, we are interested in finding out whether Ecuadorian coffee 

growers work in an environment with volatile prices. We estimated volatility with an 

Autoregressive conditional heteroscedasticity (ARCH) model for the two coffee varieties. 

Jácome and Garrido (2017) reviewed volatility studies in coffee-producing countries and 

analyzed the effects of volatility in the growers´ exit decisions in the Ecuadorian market. The 

results of ARCH models showed the high exposure of growers in the Ecuadorian market and 

proved the need for a mechanism to be developed to mitigate price fluctuations. Therefore, it 

is important that the Ecuadorian government considers volatility when designing and 

implementing policies in the sector. 

 

The following section includes a literature review on price transmission analysis and its 

applications for agricultural products. Next, we present the methodology and data used in this 

paper to quantify volatility (ARCH model) and test asymmetric price transmission (TVECM). 

In the last part, we analyze and discuss the results of this study and carried out our final 

conclusion.  

 

2.1.1 Literature Review 

 

The threshold cointegration concept was introduced by Balke and Fomby (1997). They 

proposed a two-step approach to evaluate the adjustment speed in the long-run equilibrium. 

Enders and Granger (1998) introduce the momentum threshold autoregressive model (M-

TAR), which helps to capture the asymmetry in the series. Han and Seo (2002) estimate a 
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threshold vector error correction model (TVECM) for a bivariate case with a single 

cointegration vector and a threshold effect. These studies are fundamental when analyzing the 

asymmetric price transmission in many markets2. 

 

Agricultural applications  

 

Several studies have analyzed the effects of price transmission in the agricultural sector in 

different countries. These studies evaluated the impact of changes in agricultural policies, 

market reforms, external shocks and supply chains in the national market. Serra and Goodwin 

(2003) analyze price transmission for dairy products from the farm to retail levels in Spain, 

finding that the asymmetry has little economic impact. Ben-Kaabia and Gil (2007) investigate 

the asymmetric price transmission in the lamb chain in Spain. The results demonstrate a perfect 

integration in the long-run, but the retail sector maintains the benefits due to the market power 

in the short run. Peri and Baldi (2010) investigate the long-run relationship between vegetable 

oil and fossil oil prices for the period 2005-2007 and find that rapeseed oil is exposed to 

external shocks determined by political scenarios in the European Union. Santeramo (2015) 

conducts an analysis for tomatoes and cauliflowers in the European market. He suggests that 

perishable products were sensitive to market crises and recommended governmental actions 

during those periods. Kim and Ward (2013) estimate a short and long-run price transmission 

for 100 food commodities classified in 5 categories in USA. The conclusion of the analysis 

highlights the strength of price linkages and their reduction in the time.  

 

Application for the coffee sector 

 

Bettendorf and Verboven (2000) use an aggregate model of oligopolistic interaction for the 

Netherlands for the period 1992-1996 to explain the incomplete transmission of prices from 

coffee bean to consumers. Milas et al. (2004) find evidence of two cointegration relationships 

for different types of coffee and slow adjustment to the equilibrium in increasing price periods. 

Worako et al. (2008) analyze the liberalization of the Ethiopian coffee market: they observe 

that there was a strong relationship within the sector between growers, wholesalers and export 

prices during the post-reform period. However, negative price movements affect the grower’s 

sale price quickly. Lee and Gómez (2013) study the export quota system (EQS) and post-EQS 

                                                 
2 To review volatility studies about coffee-producing countries, it is recommended to review the Jacome & Garrido (2017) study. 
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for three importing coffee countries. The analysis shows asymmetric result variations for the 

international coffee prices: positive for USA and negative for France and Germany. Subervie 

(2011) uses threshold cointegration models to evaluate the liberalization of the market in El 

Salvador, India and Colombia, and find growers as the most affected in the post-reform 

periods. Mofya-Mukuka and Abdulai (2013) use a momentum-based threshold cointegration 

and threshold error correction models to examine the market reforms in Tanzania (government 

intervention) and Zambia (market liberalization). The findings show that Zambian prices 

responded rapidly to transmission of world price movements. Musumba and Gupta (2013) 

examine world transmission in Ugandan coffee prices from 1988 to 2010: their research 

suggests the importance of the indicator ICO price and future prices in the growers’ decisions, 

enabling them to obtain the best prices.  

 

2.2 Material and Methods  
 

2.2.1 Methodology 

 

We first tested the stationarity of the coffee prices series. We used the Augmented Dicker-

Fuller test to determine whether the series had a unit root in levels and first differences. All 

series were evaluated with a constant (equation 1) and constant and trend (equation 2). The 

number of lag of the dependent variable is selected according to the Akaike Information 

Criteria (AIC).  

 

                                                ∆Pt = β1 +  δPt−1 + α∆Pt−1  + ut                                             (1) 

                                                ∆Pt = β1 + β2 t +  δPt−1 + α∆Pt−1  + ut                                  (2) 

 

To quantify the volatility, we used the ARCH model for Ecuadorian coffee (Robusta and 

Arabica). With the results of the ADF augmented test (equation 1 and 2), we model an 

Autoregressive Integrated Moving Average (ARIMA) process as follows:  

 

                         𝑌𝑡 = ∝0 +  ∑ ∅𝑝 𝑦𝑡−𝑝
𝑝 𝑚𝑎𝑥
𝑝 + ∑ ∅𝑞 𝜀𝑡−𝑞

𝑞 𝑚𝑎𝑥
𝑞 + ∑ 𝜂𝑛 𝐷𝑡

𝑛 𝑚𝑎𝑥
𝑛                      (3) 

 

Where ∝0 is the constant, 𝑦𝑡−𝑝 is the (AR) autoregressive term corresponding to the use of the 

lagged value (p), 𝜀𝑡−𝑞 contains the (MA) moving average term with a lagged value (q) and 𝐷𝑡 
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is the order of the differencing the series. This process is modelled according to the Box-

Jenkins methodology. First, we determined the (I) differencing order of the series for it to be 

stationary. Next, we determined the values of p (AR) and q (MA) of the ARIMA process. We 

used the Akaike Information Criteria to select the lagged values (p and q).  

 

The next step is the evaluation of ARCH process, we estimated the following process: 

 

              𝑌𝑡 = ∝0 +  ∑ ∅𝑝 𝑦𝑡−𝑝
𝑝 𝑚𝑎𝑥
𝑝 + ∑ ∅𝑞 𝜀𝑡−𝑞

𝑞 𝑚𝑎𝑥
𝑞 + ∑ 𝜂𝑛 𝐷𝑡

𝑛 𝑚𝑎𝑥
𝑛       and      

                                         𝜎2𝑡 = ∝1 + ∑ ∝𝑖  𝜀
2
𝑡−𝑖
 𝑞 

𝑖=1                                                              (4)  

 

Where 𝜎2𝑡 is the conditional variance, ∝1 is the constant, ∝𝑖 (i=1...q) are the estimated 

coefficients of the squared error terms and 𝜀2t-q are the lagged (q) values of the squared error 

terms. With equation 4, we estimated the conditional variance for each Ecuadorian coffee 

series and selected the lagged (q) values with the AIC criteria information. The ARIMA and 

ARCH models are estimated through the EViews program. 

 

To estimate the price transmission, we used the Johansen cointegration test to validate the 

long-run relationship from world prices to domestic prices. The Johansen approach begins 

with a vector autoregressive model as:   

 

                                         𝑍𝑡 = 𝐴1𝑍𝑡−1 +⋯… 𝐴𝑘𝑍𝑡−𝑘 + 𝜀𝑡                                                    (5) 

 

and it is reformulated in a vector error model:                                              

 

                                          ∆𝑍𝑡 = ∑ Γ𝑖  ∆ 𝑍𝑡−𝑖  + ∏𝑍𝑡−𝑘  + 𝜀𝑡 
𝑘−1 
𝑖=1                                            (6) 

 

Where 𝑍𝑡 is a vector of non-stationarity series, A are the different matrices of parameters, k is 

the lag of variables, 𝜀𝑡 is the error term, following a i.i.d. process with mean 0 and normal 

distribution. The Johansen test examined the Π matrix and is interpreted as long-run 

relationship, and Γ𝑖 is the measure of short-run adjustment.  

With the results of the cointegration test, we observed the existence of a cointegration 

relationship between Ecuadorian and world prices and continued with the estimation of 
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TVECM. Han and Seo (2002) proposed a Threshold Vector Error Correction Model with two 

regimes, which can be treated as a non-linear VECM of order l + l in the following form:   

 

                                                      ∆𝑋𝑡 = {
𝐴´1𝑋𝑡−1(𝛽) + 𝑢𝑡         if  𝑤𝑡−1(𝛽) ≤ 𝛶    𝑟𝑒𝑔𝑖𝑚𝑒 1 

𝐴´2𝑋𝑡−1(𝛽) + 𝑢𝑡        if  𝑤𝑡−1(𝛽) > 𝛶     𝑟𝑒𝑔𝑖𝑚𝑒 2
}                                             (7) 

 

with: 

                                                                           𝑋𝑡−1(β) =  

{
 
 
 

 
 
 

  

         
1

𝑤𝑡−1 (𝛽)   
∆𝑋𝑡−1
∆𝑋𝑡−2
.
.

∆𝑋𝑡−𝑙 }
 
 
 

 
 
 

                                                                             (8)          

 

Where Xt is a p-dimensional time series of I (1). It is cointegrated with one (p x 1) cointegrating 

vector β. 𝑤𝑡 (β) = β´𝑋𝑡 is the error correction term (ECT). The coefficients matrices of 

𝐴1 and 𝐴2 describe the dynamics in each regime. 𝛶 is the threshold parameter values and 𝑢𝑡 

is the error term that is assumes a covariance matrix ∑ = E(𝑢𝑡𝑢´𝑡). The parameters (β, A and 

Σ) are estimated by maximum likelihood under the assumption that the error (𝑢𝑡) are i.i.d 

Gaussian.  

 

The values of  𝑤𝑡−1 below or above the threshold value (𝛶) allow the coefficients to switch 

between the regimes 1 and 2. The estimated values of  𝑤𝑡−1of the regime 1 and 2 show the 

adjustment speed of the series toward the equilibrium.  

 

Hansen and Seo (2002) developed two heteroskedastic-consistent SupLM tests to evaluate the 

null hypothesis of linear cointegration (i.e., there is no threshold effect), against the alternative 

of threshold cointegration. These two SupLM tests use a parametric bootstrap method to 

estimate asymptotic critical values with the respective p-values. The first test is used when the 

true cointegration vector β is known a priori and denoted as: 

 

                                                         sup 𝐿𝑀0 = sup LM (β0,Υ)                                                (9) 

                                                                      𝛾𝐿 ≤ 𝛾 ≤ 𝛾𝑈       

 

The second test is used when the true cointegration vector 𝛽 is unknown and denoted as:  

                                      

                                                          sup LM = sup LM (�̃�,Υ)                                               (10) 
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                                                                    𝛾𝐿 ≤ 𝛾 ≤ 𝛾𝑈       

       

In these tests, [𝛾𝐿, 𝛾𝑈] are the search region set so that 𝛾𝐿 is the 𝜋0 percentile of �̃�𝑡−1 and 𝛾𝑈 

is the (1-𝜋0) percentile. We followed Andrews’ suggestion (1993) to set the 𝜋0 between 0.05 

and 0.15. The ADF test and Johansen cointegration test are estimated through the EViews 

program. In the case of TVECM and SupLM test, we used the package tsDyn in the R 

program3.          

 

2.2.2 Data 

 

For this analysis, we selected monthly coffee prices for the period January 2001 to December 

2012. World prices were taken from the International Coffee Organization data, these prices 

are in nominal terms and expressed in USD/lb. For Arabica coffee, the data is taken from the 

category Other Milds. For Robusta coffee, we selected the only existing category.  

 

In the case of Ecuadorian prices, we used the information published by the COFENAC. For 

Robusta coffee, data is related to grower prices in the province of Orellana. For the Arabica 

coffee, the prices used are the intermediate level prices of the Loja province. Both monthly 

data series are measured in nominal terms and expressed in USD/lbs.   

 

 

Figure 2.1. Prices of Arabic coffee in the world market (ICO) and Ecuador 

Source: ICO (2016), COFENAC (2013) 

                                                 
3 The tsDyn package was developed by Antonio Di Narzo, Jose Aznarte and Matthieu Stigler. 
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Figure 2.1 shows the Arabica prices’ series. Looking at the global price, we found an average 

of 1.30 USD/lb., a minimum of 0.54 USD/lb. for august 2002 and a maximum of 3 USD/lb. 

for April 2011. In the Ecuadorian market, we saw an average price of 1.09 USD/lb., a 

minimum price of 0.22 USD/lb. in November 2001 and a maximum price of 2.50 USD/lb. for 

the period June 2011 – January 2012. 

 

 

Figure 2.2. Prices of Robusta coffee in the world market (ICO) and Ecuador 

Source: ICO (2016), COFENAC (2013) 

 

For the Robusta sector, Figure 2.2 outlines the series for the analyzed period. In the global 

market, the average price was 0.57 USD/lb. The minimum price was 0.23 USD/lb. registered 

in October 2002 and January 2003 and a maximum price of 1.22 USD/lb. in March 2008. The 

domestic price had an average of 0.57 USD/lb. and a minimum price of 0.08 USD/lb. in the 

period October 2001 - February 2002 and a maximum price of 1.08 USD/lb. in November 

2011.   

 

The coffee series showed a period of decreasing prices for the years 2001 – 2002.  The reason 

behind this was the oversupply in the world market caused by the Vietnamese expansion and 

the Brazilian harvesting crops (ICO, 2002). Since 2004, the coffee prices followed an 
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increasing tendency. It is explained by crop diseases and low production in the main coffee-

producing countries: this affected the balance between demand and supply in the world market 

(ICO, 2009, 2013). Moreover, high prices of the mid-2011 are similar to prices of 34 years 

ago, but they experimented a slight reduction in 2012 (ICO, 2014b). Factors such as 

production, consumption and stock movements determine the price behavior in the world 

market (ICO, 2014b).   

 

To estimate the returns, we used the following formula: Yt = log (Pt/Pt-1) for each coffee price 

series, where Pt is the price at month t and Pt-1 is the price at previous month.  

 

Table 2.1. Summary statistic for monthly returns  

 Robusta Arabica 

Statistic Pw Pecu Pw Pecu 

 Mean 0.008 0.013 0.006 0.012 

 Median 0.003 0.004 0.009 0.000 

 Maximum 0.183 0.368 0.161 0.237 

 Minimum -0.172 -0.336 -0.148 -0.302 

 Std. Dev. 0.061 0.083 0.058 0.086 

 Skewness 0.308 0.151 0.149 -0.011 

 Kurtosis 3.368 7.922 2.822 4.571 

 Observations 142 142 142 142 

  

 Table 2.1 provides the summary statistics for the returns of each series. We observed that 

domestic prices have a slightly higher mean average than international prices in both markets 

(Arabica and Robusta). Moreover, domestic returns are more volatile than international 

returns, as shown by the values of standard deviations in table 1 (0.082 for Robusta and 0.085 

for Arabica).  

 

2.3 Results and Discussion 
 

2.3.1 Results 

 

Table 2.2 shows the results of the Augmented Dickey Fuller tests for Robusta and Arabica 

coffee prices: one with constant and a second one with constant and trend. The lags of the 

dependent variable were selected according to the Akaike Information Criteria. The results 

showed that the both series are stationary in first differences and first integration.  
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Table 2.2. Augmented Dickey Fuller test results 

 Level First Differences 

 Constant Constant and Trend Constant Constant and Trend 

Log Price Paid to Ecuadorian Grower (Robusta) -1.686 -1.068 -9.607** -6.070** 

Log Price World ICO (Robusta) -1.112 -2.066 -9.542** -9.516** 

Log Price Paid to Ecuadorian Grower (Arabica) -0.95 -1.75 -12.96** -12.93** 

Log Price World ICO (Arabica) -1.16 -1.71 -10.07** -10.06** 

Note: ** denote significance at the 5% significance levels. 

 

To estimate the volatility in the Ecuadorian coffee, we performed the Box-Jenkins 

methodology and chose p, d and q values for the process with the Akaike information criteria. 

Table 3 presents the values of p (AR terms), d (differentiated series) and q (Ma terms) of each 

ARIMA process. 

 

Table 2.3. Values of p, d and q for ARIMA process in Ecuadorian coffee series  

Ecuadorian coffee  p d q 

Robusta  0 1 2, 6 y 10 * 

Arabica 0 1 12, 29 y 31 ** 

Note: ** and * denote significance at the 5% and 10% significance levels 
Source: Own Elaboration 

 

From table 2.3, we observed the following: the absence of AR terms for both coffee series, d 

takes the value of 1 for both processes, indicating that the series is differenced once to be 

stationary. For MA terms, we found 2, 6 and 10 for Robusta and 12, 29 and 31 for Arabica.  

The estimated coefficients can be evaluated for their statistical significance with a 10% for 

Robusta and 5% for Arabica4.  

 

 

 

 

 

 

 

 

 

                                                 
4 We tested seasonal fluctuations with dummy variables (monthly) and not to found significance in two coffee varieties process.  
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Table 2.4. Regression results of ARCH model for Ecuadorian coffee 

Robusta          

Mean Equation  

Variable Coefficient Std. Error z-Statistic Prob.   

C 0.012382 0.007137 1.734875 0.0828* 

MA(2) 0.138146 0.080959 1.706367 0.0879* 

MA(10) 0.190335 0.076192 2.498086 0.0125** 

MA(6) -0.147286 0.057609 -2.556639 0.0106** 

Variance Equation 

C 0.004423 0.000499 8.872025 0.0000** 

𝜀2 
t-1 0.171429 0.060007 2.856819 0.0043** 

     

Arabica 

Mean Equation 

Variable Coefficient Std. Error z-Statistic Prob.   

C 0.016879 0.003181 5.306505 0.0000** 

MA(12) -0.261248 0.051833 -5.040209 0.0000** 

MA(29) -0.381524 0.065541 -5.821174 0.0000** 

MA(31) -0.278866 0.059330 -4.700279 0.0000** 

Variance Equation 

C 0.003508 0.000678 5.171318 0.0000** 

𝜀2 
t-1  0.170171 0.090545 1.879398 0.0602* 

Note: ** and * denote significance at the 5% and 10% significance levels 
Source: Own Elaboration 

 

Table 2.4 showed the ARCH model for each coffee variety. For Robusta, we denoted the 

significance of estimated coefficients with a confidence level of 5% and 10% for the mean 

average (ARIMA process) and variance (ARCH process) equation. In the case of Arabica, we 

observed the same success described previously. With these results, we observed the effect of 

past innovations (𝜀2 
t-1 term) in variance for each coffee variety.  Figures 4 and 5 show the level 

volatility present in the Ecuadorian coffee market for both varieties. It is important to note 

periods of high volatility (2001 – 2002) and (2004 – 2005) for Robusta coffee. Since 2006, the 

level of volatility is reduced when compared to previous years. For the Arabica market, we 

observed the same pattern for the periods (2002 – 2003) and (2004 – 2005), but a different 

behavior (periods with high volatility) for the rest of the analyzed period. These facts are 

presented by the international price movements, which affect domestic markets as described 

in the previous section. Coffee production is the principal market factor that affects the 

volatility, the weather is an exogenous factor that carries periods with a short or over 

production in coffee-producing countries, and this fact carries speculative factors in the price 

in the coffee market (ICO, 2014b).   
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Figure 2.3. Volatility for Robusta coffee in Ecuador 

Source: Own estimation 

 

 

Figure 2.4. Volatility for Arabica coffee in Ecuador 

Source: Own estimation 

 

For the asymmetry price transmission, we worked with the results of table 2. Next, we 

performed the Johansen cointegration test to evaluate the cointegration relationship of world 

prices and Ecuadorian prices per variety. Lastly, we estimated the (TVECM) threshold vector 

error correction model for Robusta and Arabica coffee.  
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We used the Johansen cointegration test to evaluate the existence of a long-run relationship 

between World coffee and Ecuadorian coffee prices. Table 2.5 shows the results of the test for 

the international-domestic relationship. The results explained a long-run relationship between 

world and Ecuadorian prices for both coffee varieties.  

 

Table 2.5.  Johansen cointegration test results 

Robusta (Ecuador-Word Price) 

Hypothesized no. of CE(s) Eigenvalue Trace Statistic  0.05 Critical Value Prob.** 

None *  0.210779 5.719963 1.549471  0.0000 

At most 1 *  0.162874 2.453378 3.841466  0.0000 

Arabica (Ecuador-Word Price) 

Hypothesized no. of CE(s) Eigenvalue Trace Statistic  0.05 Critical Value Prob.** 

None *  0.200111 5.205288 1.232090  0.0000 

At most 1 *  0.142653 2.123985 4.129906  0.0000 
Trace test indicates 2 cointegration equations at the 5% level 
* Denote the rejection of the null hypothesis at the 5% level 

** MacKinnon et al. (1999) p-values. 

Source: Own Elaboration 

 

Now, with the existence of a cointegration relationship, we estimated the TVECM   for 

Robusta and Arabica coffee. The estimated of TVECM model for Robusta is presented below 

(Eicker-White standard errors are reported between brackets): 

 
 

∆Pecu =  

{
 

 
−0.1768 − 0.8543𝑤𝑡−1 − 1.2775∆𝑃𝑒𝑐𝑢𝑡−1 + 0.0978 ∆𝑃𝑤𝑡−1 + 𝑢1𝑡 ,   𝑤𝑡−1 ≤ −0.0947,

 (0.0054)    (0.0484)               (0.00002)                   (0.8271)                                                          
0.0091 −  0.6220𝑤𝑡−1 − 0.1010∆𝑃𝑒𝑐𝑢𝑡−1  + 0.2467∆𝑃𝑤𝑡−1 + 𝑢2𝑡 ,       𝑤𝑡−1 > −0.0947.

(0.1978)    (6.1 𝑥 10−8)             (0.2172)                   (0.0069)                                                         }
 

 
 

 

                  ∆𝑃𝑤 =   {

−0.0705 − 0.5236𝑤𝑡−1 + 0.0740∆𝑃𝑒𝑐𝑢𝑡−1 − 0.2236∆𝑃𝑤𝑡−1 + 𝑢1𝑡 , 𝑤𝑡−1 ≤ −0.0947,
(0.2215)    (0.1856)            (0.7839)                   (0.5866)                                                          
0.0108 − 0.3930𝑤𝑡−1 + 0.1021∆𝑃𝑒𝑐𝑢𝑡−1 − 0.3431∆𝑃𝑤𝑡−1 + 𝑢2𝑡 ,      𝑤𝑡−1 > −0.0947.

 (0.0963)    (0.0001)             (0.1744)                   (0.00005)                                                           

}  

 

The lag length (l=1) of the TVECM was selected according to the Akaike information criteria 

(AIC). The estimated threshold is Υ = - 0.0947. The estimated value of β is equal to -0.15. The 

first regime included 8.5% of the observations when 𝑤𝑡−1 (Error Correction Term - ECT) is ≤ 

- 0.0947 (this regime is considered as the unusual regime). The second regime incorporated 

91.5% of the observations when 𝑤𝑡−1 is > - 0.0947 (this regime is considered the usual 

regime).  Next, we carried out the Hansen and Seo (2002) Sup LM test of estimated β, the 

result (p-value = 0.01) supported a threshold cointegration relationship at 1% level of 

confidence.  
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In the ∆Pw equations, we found that the (- 0.5236) ECT coefficient in the unusual regime was 

not statistically significant. On the other hand, the usual regime showed significance at 1%. 

Moreover, the (0.0740 and 0.1021) ∆𝑃𝑒𝑐𝑢𝑡−1  estimated coefficients were not significant in 

either regime. In the case of ∆Pecu equations results, the ECTs estimated coefficients were 

statistically significant in both regimes. The - 0.8543 (∆Pecu ECT coefficient) showed a fast 

adjustment to the long-run equilibrium in the unusual regime. Similar behavior is presented in 

the usual regime with a -0.6220 ECT coefficient result. Therefore, we can see a strong 

adjustment in the unusual regime and a moderate adjustment in the usual regime. It means that 

the Ecuadorian price converges in different magnitudes towards the long-run equilibrium. 

 

For the Arabica model, we have the following specification (Eicker-White standard errors are 

reported between brackets): 
 

∆Pecu =  {

0.0118 − 1.0628𝑤𝑡−1 − 0.0923∆𝑃𝑒𝑐𝑢𝑡−1 − 0.0834 ∆𝑃𝑤𝑡−1 + 𝑢1𝑡 ,   𝑤𝑡−1 ≤ 0.0678,

 (0.1570)    (0.000)               (0.3597)                   (0.4719)                                                          
−0.0111 −  0.8593𝑤𝑡−1 − 0.1714∆𝑃𝑒𝑐𝑢𝑡−1  + 0.0726∆𝑃𝑤𝑡−1 + 𝑢2𝑡 ,       𝑤𝑡−1 > 0.0678.
(0.7938)    (0.0297)             (0.4358)                   (0.8031)                                                         

} 

 

                   ∆𝑃𝑤 =  {

0.0067 + 0.10566𝑤𝑡−1 − 0.1670∆𝑃𝑒𝑐𝑢𝑡−1 − 0.0834∆𝑃𝑤𝑡−1 + 𝑢1𝑡 , 𝑤𝑡−1 ≤ 0.0678,
(0.2603)    (0.4217)            (0.0218)                   (0.0000)                                                          
−0.1358 + 0.7120𝑤𝑡−1 + 0.0156∆𝑃𝑒𝑐𝑢𝑡−1 − 0.2223∆𝑃𝑤𝑡−1 + 𝑢2𝑡 ,      𝑤𝑡−1 > 0.0678.

 (0.0000)    (0.0122)             (0.9209)                   (0.2876)                                                           

}  

 

We selected the lag = 1 according with the Akaike information criteria. The estimated 

threshold value is Υ = 0.0678. The β estimated value is 0.399. The first regime included 81.6% 

of the observations when 𝑤𝑡−1 is ≤ 0.0678 (this regime is considered as the usual regime). The 

second regime (unusual) incorporated the 18.4% of the observations (𝑤𝑡−1 takes values > 

0.0678). We performed the Hansen and Seo (2002) Sup LM test of β estimated, the p-value = 

0.09 is significant at 10% level; it means the existence of a threshold cointegration 

relationship.  

 

For the ∆𝑃𝑤 equations, the (0.1056) ECT coefficient in the usual regime was not statistically 

significant, the unusual regime showed a value of 0.7120 with a significance of 1%. The (-

0.1670 and 0.0156) ∆𝑃𝑒𝑐𝑢𝑡−1  estimated coefficients’ results were not significant in both 

regimes. For Ecuador (∆Pecu) equations, the ECTs estimated coefficients were statistically 

significant in both regimes at 1% and 5% levels. The ∆Pecu ECT coefficient takes the values 

of -1.0628 for the usual regime and -0.8593 for the unusual regime. We observed different 
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magnitude in the adjustment to converge toward the long-run equilibrium (the usual regime 

converges faster than unusual regime).    

 

2.3.2 Discussion 

 

The assessment of volatility of the Robusta and Arabica coffee markets in Ecuador showed 

the level of exposure faced by the sector. Our results are in accordance with other coffee 

volatility studies showing similar levels of price volatility faced by growers and firms 

(Lukanima and Swaray, 2014; Malan, 2013; Mohan et al., 2014; Worako et al., 2011; Rueda 

and Lambin, 2013). Their studies show that growers are the most affected by the volatility in 

the market. In our study, most periods of high volatility were 2001 – 2002 and 2004 - 2005 

for Robusta coffee. We observed a reduction of volatile behavior since 2006 for the same 

coffee variety. A similar pattern is found in the study by Lukanima and Swaray (2014).   

 

In Arabica coffee, we observed the same periods of high volatility described for Robusta 

coffee, but a different behavior is presented since 2006 (high volatility periods). We observed 

similar results in Rueda and Lambin (2013), and Worako et al., 2011 studies. However, we 

noticed a different behavior in Lukanima and Swaray (2014) study for 2006 – 2010 period, 

which showed low periods of volatility in the domestic market. Our study reveals that Arabica 

coffee prices are more volatile than Robusta coffee prices since 2006. The importance of 

taking the concept of volatility into consideration in investment decisions is evaluated by 

Jacome and Garrido (2017), which showed that volatility was a critical factor that pushes 

growers to leave the activity in Ecuador. This finding could give more information to policy 

makers in the design of program for growers. 

 

The cointegration results showed an asymmetry in the Ecuadorian coffee (Robusta and 

Arabica) sector. The different adjustment speeds found in the regimes confirm the existence 

of asymmetric transmission in the coffee sector. Our results corroborate findings from others 

studies on asymmetric price transmission. Market drivers (market liberalization) have been 

studied in other coffee-producing countries like Colombia, El Salvador, India, Tanzania, 

Zambia and Ethiopia. The main conclusion is that growers are the most affected part of the 

production chain in low price periods (Mofya-Mukuka and Abdulai, 2013; Subervie, 2011; 

Worako et al., 2008). Our study indicates that Arabica prices converge faster than Robusta 

prices in the long-run equilibrium. This is represented by the magnitude value of ECT 
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estimated coefficients. The Ecuadorian coffee market operates in a free competitive 

environment, but the presence of asymmetry in the market is detrimental for growers and their 

incomes, and sustainability of the activity in the long-run.  

 

2.4 Conclusion  
 

The world market of coffee creates an uncertain and volatile environment. Growers are the 

most affected agents in the chain of production because of the transmission of the prices and 

volatility effects. Upstream agents transmit low prices rapidly to growers. However, in 

increasing price periods, the economic agents do not react in the same way with regards to the 

growers (Mofya-Mukuka and Abdulai, 2013; Subervie, 2011). 

 

This reality is known as asymmetry. It happens when there are different adjustment speeds in 

price movements in the long-run equilibrium. Market power, adjustment costs and menu cost 

are the factors that influence the existence of asymmetry in the market (Meyer and Cramon-

Taubadel, 2004). Ecuadorian coffee participants work in a free competitive market. It is 

regulated by the government. Over the last years, growers decided to leave the sector because 

of low production and financial unprofitability. This has raised concerns in the Ecuadorian 

government and motivated it to create a support program to reactivate the sector since the end 

of 2011. However, all these efforts should go along with a fair competitive market to achieve 

the desired success. In the case of an asymmetric market, incentives for growers are 

diminished; policy makers should determine it and correct it.      

 

This paper aimed to quantify the volatility of Robusta and Arabica coffee in Ecuador and 

evaluate the existence of asymmetric price transmission from world prices to Ecuadorian 

prices for both coffee varieties. We used the data from ICO and COFENAC for the period 

January 2001 – December 2012. We used an ARCH model to quantify the volatility in the 

sector and estimated a threshold vector error correction model (TVECM) with the Hansen and 

Seo (2002) methodology for both coffee varieties to validate the existence of asymmetric price 

transmission.   

  

The results confirmed the asymmetry in the prices for the Robusta and Arabica varieties. This 

is explained by different adjustment speeds when converging towards the long-run equilibrium 

in the two regimes for both coffee varieties. Additionally, we found faster adjustment speeds 
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for Arabica than for Robusta coffee. Moreover, we quantified the volatility for the two coffee 

varieties. This study found high periods of volatility for both coffee varieties. Since 2006, the 

volatility in Robusta coffee has been reduced considerably. However, we observed a different 

behavior in Arabica coffee (high volatility periods). Jácome and Garrido (2017) showed that 

volatile and uncertain environments drive growers out of the sector. Therefore, it is important 

to consider this when making investment decisions in the sector.   

 

As coffee growers work in a volatile and asymmetric environment, the government should 

work on a policy and program that protects growers from the distortion of the market, from 

which they are the most vulnerable agents. This policy would promote a fair and competitive 

environment for growers producing either of the two coffee varieties as well as an incentive 

to maintain it. 
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Chapter 3 

 

A Real Option Analysis applied to the production of Arabica and 

Robusta Coffee in Ecuador 

 

3.1 Introduction  

 

The coffee sector has been one of the most important export sectors in Ecuador. Exports 

reached 413 million USD (125,070 t) in 1994 but dropped to 261 million USD (51,526 t) in 

20125. The country produces Arabica and Robusta coffee for domestic and foreign markets. 

Ecuador’s share in the world coffee market dropped from 1.18% (1961) to 0.09% (2013) 

according to calculations using FAO data (FAO, 2015). Planted area and production show a 

declining trend. The cause of this decrease has not been analyzed in detail. The growing age 

of bearing trees, outbreaks of pests and diseases, lack of modernization and poor development 

of new coffee varieties are signs and reasons for the decline of the sector in Ecuador.  

 

Volatile coffee prices create an uncertain environment for growers’ in Ecuador and elsewhere. 

This uncertainty translates into unstable harvest prices and farm profits. Low-price periods 

affect growers’ household income in coffee-producing countries, and encourage them to 

abandon the crop (ICO, 2002). Even with volatile and uncertain prices, the growers’ 

motivation and decision to remain in the coffee sector are explained through cultural values, 

inherited (coffea) coffee plantations, tradition and government incentives (Bacon, 2005; 

Tucker et al., 2010; Borkhataria et al., 2012; Bravo et al., 2016).  

 

                                                 
5 Values expressed in current United States Dollars. 
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To mitigate low prices, alternative strategies such as converting conventional plantations into 

organic and shading coffee plantations have been evaluated in the literature. Positive benefits 

include increasing home income (Delgado and Pérez, 2013) and conservation of natural 

resources (Borkhataria et al., 2012). However, the economic benefit only improved household 

incomes very slightly due to the increasing cost of labor (Ruben and Fort, 2012). It was 

attractive only when mainstream market prices were low (Valkila, 2009). Thus, organic and 

shading coffee systems are not necessarily the best solution in the long run, as coffee prices 

are formed in the international market, and these prices are volatile.  

 

The Ecuadorian Government was concerned by low coffee production in the last years, and 

launched a public program to replant coffee trees towards the end of 2011. The program 

includes technical assistance to improve crop management and credit for growers who 

established new plantations. Ultimately, it is the farmer’s choice to use this support and invest 

in renewed plantations and entering a sector characterized by uncertain profitability.  

 

The volatile and uncertain environment, previously described, offers an angle for analysis on 

the coffee sector in Ecuador before the implementation of the public program. In this paper, 

we address the following questions: Have coffee growers been inclined to exit the sector due 

to volatile and uncertain prices for the 2002-2012 period? Which coffee prices triggered the 

exit decision in the Ecuadorian market? To answer these questions, we used the Real Option 

Analysis, developed by Dixit (1989). This approach incorporates uncertainty and 

irreversibility in the investment decision. Coffee production is an activity characterized by a 

large investment in the plantation and production lasting over 20 years. Therefore, it is 

important to consider volatility and uncertainty in the evaluation of the decision to invest in 

coffee. Also, we can estimate entry and exit coffee prices in Ecuadorian market for the period 

2002-2012. With these results, we aim to understand the Ecuadorian coffee growers’ decision 

in the market for the analyzed period. 

 

The contribution of this work to the literature is two-fold. First, the validation of the hypothesis 

that volatile and uncertain coffee prices in the Ecuadorian market might explain the growers’ 

decisions to exit the sector.  If we fail to reject it, the conclusion would be that volatile coffee 

prices might have pushed growers to leave the sector during of the analyzed period. Second, 

we estimate entry and exit coffee prices for the period 2002-2012 for Arabica and Robusta.  
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3.2 Material and methods  

 

3.2.1 Coffee in Ecuador 

 

Coffee is produced in 23 Ecuadorian provinces. Geography and climate are apt for the 

production of Arabica and Robusta coffee (Arabica in highlands and Robusta in lowlands). 

Manabí is the main producing province with 43.86% of the total bearing area (49,578 planted 

hectares in 2012 (INEC, 2012)). According to the data from the (COFENAC) National Council 

of Coffee, Arabica coffee is mainly produced in the provinces of Manabí, Loja and El Oro. 

They represented 80.01% of the total production in 2012. The provinces of Orellana, 

Sucumbíos, Los Ríos and Esmeraldas produced 80.02% of the national production of Robusta 

in 2012.  

 

Figure 3.1 shows Ecuadorian coffee production and average yield per hectare. Ecuador 

reached its highest coffee production in 1996 with 190,696 t; since that year, it dropped to 

35,000 t in 2012. The highest average coffee yield was 0.56 t/ha in 2001. Comparing coffee 

average yields for 2012 between Ecuador (0.23 t/ha) and the main coffee-producing countries, 

such as Vietnam (2.25 t/ha), Brazil (1.43 t/ha), Colombia (0.60 t/ha) and Indonesia (0.53 t/ha) 

(FAO, 2015), reveals that Ecuador has a low average yield, which has been decreasing since 

2001. 

  

 

Figure 3.1. Ecuadorian coffee production and average yield per hectare. 

Source: FAO (2015), MAGAP (2014) 
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Low prices affected the coffee growers’ incentives to maintain or increase the production in 

following years. Limited use of technology, aging of coffee trees, poor crop management 

(especially in pruning and insect control activities) and climate anomalies (delayed rainy 

season) explain the reduction of production and yields (COFENAC, 2013). INEC statistics for 

2012 reported a lack of use of improved seeds (only the 8.71% of all coffee growers use 

improved seeds). Pests and diseases are the main causes of lost coffee hectares (15,829 has.) 

as well as low use of fertilizers (13.33%) and pesticides (15.45%) (INEC, 2012).  

 

Figure 3.2 shows the Ecuadorian coffee value in current USD and exported amounts in t, which 

reached their maximum in 1994 (USD 413.8 million and 125,070 t). Ecuadorian coffee exports 

plummeted in 1994-2002, as a result of a reduction on domestic supplies and low price trends 

in the world market. The main export problem of the manufacture industry is the lack of coffee 

production in the country. This causes Ecuadorian companies to import coffee beans from 

Vietnam, Brazil and other countries (COFENAC, 2013). Since 2006, Ecuadorian coffee 

exports have been revived, reaching USD 261.05 million in 2012 (BCE, 2016). This is caused 

by the global trend of high coffee prices and increasing export of processed coffee 

(COFENAC, 2013).  

 

 

Figure 3.2. Ecuadorian coffee exports (value and tonnes). 

Source: BCE (2016), FAO (2015) 
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Coffee prices have been volatile due to variations in world supply (new plantations, frost and 

coffee bean diseases), established export quotas in the International Coffee Agreement and de-

regulation of the market (ICO, 2002, 2014a). Figure 3.3 shows World Coffee Prices (Other 

Milds6 and Robusta) and Ecuadorian prices paid to growers. Ecuadorian prices have 

similarities with international coffee prices: high prices of 2.27 USD/lb for Arabica (2011) 

and 1.43 USD/lb for Robusta (1995), and lowest prices of 0.27 USD/lb for Arabica (2001-

2002) and 0.11 USD/lb for Robusta (2001-2002). The so-called Coffee crisis in 2001-2002) 

was caused by both the Vietnamese expansion and new Brazilian plantations (ICO, 2002). 

This forced a low price tendency in the market that affected growers’ income in coffee-

producing countries. From 2004 to 2011, coffee prices saw an upward trend, caused by 

reduced harvests of the main coffee-producing countries (ICO, 2009). In that period of 

increase, Ecuadorian coffee production did not recover the values from the early 90s. 

 

 

Figure 3.3. Coffee world prices and coffee price paid to Ecuadorian growers. 

Source: ICO (2015) 

 

 

                                                 
6 Arabica classification of International Coffee Organization (ICO) 
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3.2.2 Real Options  

 

Real Options theory is used to evaluate the implementation of projects as an alternative to the 

traditional method (Net Present Value) which does not consider volatility and uncertainty in 

the market. In addition, Real Options analysis is used to understand growers´ decisions 

concerning agricultural systems and products. Tozer (2009) evaluates the investment in 

Australian farms between precision agriculture and the conventional system. Delgado and 

Pérez (2013) analyze the change in coffee systems (conventional to organic) for Mexican 

growers worried about the fluctuation of coffee prices and the low incomes received each year. 

Andoseh et al. (2014) examine the implementation of public investment funds in a 

Biotechnology Research and Conventional Breeding project in Uganda. Wolbert and 

Musshoff (2014) study growers’ decision to maintain a conventional system instead of 

converting to a Short Rotation Coppice (SRC) system. 

  

Entry and exit price for agriculture products  

 

Entry and exit (price or revenues) resulting from the Real Options Analysis helps understand 

growers’ entry and exit decisions. Price and Wetzstein (1999) investigate peach production 

with price and yield uncertainty for the Georgian market in the USA. Isik et al. (2003) analyze 

the decision of agribusiness firms investing in Remote Sensing Technologies (RST) in farms 

with uncertain demand. Tauer (2006) defines entry and exit daily prices for five farm sizes in 

the milk market in the USA. Luong and Tauer (2006) study Vietnamese coffee growers from 

1990 to 2002 and classified high, average and lower costs. The entry (0.47 USD/lb) and exit 

(0.17 USD/lb) prices supported the conclusion that a large number of Vietnamese farmers 

were efficient and survived the global crisis during the period investigated. Schmit et al. 

(2009) study investment decisions in ethanol factories considering volatility in gross margins 

for the period 1998-2007 in USA.  

 

3.2.3 Coffee prices volatility 

 

Several studies analyze the effect of volatile and uncertain coffee prices on growers. Eakin et 

al. (2006) estimate through household surveys the effect of coffee prices in Mexican, 

Guatemalan and Honduran communities. Mohan (2007) estimates the profits and costs of a 
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risk-management mechanisms based on the purchase of “put” type options to mitigate the 

fluctuation in coffee prices and to guarantee a minimum price for growers. With ARCH and 

GARCH models, Worako et al. (2011) find that Ethiopian coffee prices are more volatile than 

Brazilian coffee prices. Malan (2013) studies cocoa and coffee price volatility in Côte d’Ivoire 

with a partial stabilization model to reduce volatility risk with the intervention of storage 

agencies that stock coffee in low price periods. Rueda and Lambin (2013) analyze the effect 

of volatility in Colombian coffee growers’ decision with a global chain value (converting from 

conventional to ecological and sustainable coffee systems). Lukanima and Swaray (2014) use 

a GARCH model to evaluate the volatility of coffee prices in five different East African 

Countries after domestic market reforms (loosening government control and market 

liberalization). Mohan et al. (2014) use a GARCH model to evaluate volatility in coffee prices 

in India since the market liberalization, and estimated welfare gains if the Indian coffee 

growers’ exposure to volatility was reduced. In conclusion, it is very important to consider 

volatility in the evaluation of coffee investment decisions. 

 

3.2.4 Methodology 

 

The model used for coffee Real Options valuation in Ecuador was developed by Dixit (1989). 

The model is based on two assumptions: first, it assumes reinvestment, so that the project will 

have an infinite life; the second assumption is that land does not depreciate. If a firm wants to 

enter an economic activity, it will require a certain amount of funds to invest (K), the resources 

required for maintenance and operation cost (C) and resources to leave the activity (L) at any 

time. The application of the model is based on three steps described by Luong and Tauer 

(2006): 

 

1) Definition of an idle project’s value. An idle project is the project awaiting initiation, whose 

value is equal to the option to invest. An idle project requires an amount of money to reinitiate 

the economic activity.   

 

2) Definition of an active project’s value. An active project’s value is the present value of the 

net revenues (if the firm operates in the market) added to the value of the abandonment option. 

 

3) Definition of the entry and exit prices of option model. These prices are the same for idle 

and active projects. This results in two conditions: first, the value of an idle project is equal to 
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that of an active project. Second, the rate change of an idle project’s value is equal to the rate 

change of an active project. With these conditions, the model will be resolved to determine 

the entry and exit prices for the coffee activity. Table 1 shows the notation of model.  

 

Table 3.1. Variables of the model 

Variabl

e 
Item Unit 

V0 Value of idle project USD/lb 

V1 Value of active project USD/lb 

P Coffee market price (paid to grower) USD/lb 

µ Expected rate of market growth % 

σ2 Variance rate of price market % 

C Variable cost per unit USD/lb 

K Investment cost per unit USD/lb 

X Abandonment cost per unit USD/lb 

ρ Capital cost (discount rate), with ρ> µ % 

H Market price to enter the activity USD/lb 

L Market price to exit the activity USD/lb 

 

The world market defines the coffee price exogenously. Therefore, it is assumed that it follows 

a random walk behavior and a geometric Brownian process.  

 

                                                    dP = μP dt + σPε√𝑑𝑡, 

 

Where ε is a random value that follows a standardized normal distribution, and dP has a normal 

distribution, which means dP = μP dt and variance dP = σ2P2 dt. 

The investment value V (P,t) is a function of variables price (P) and time (t). By a second-

order Taylor Series, dV can be approximated as:  

 

                  dV =
𝜕𝑉

𝜕𝑃
𝑑𝑃 +

∂V

𝜕𝑡
𝑑𝑡 +

1

2

∂2V

∂P2
 (𝑑𝑃)2 + 

𝜕2𝑉

𝜕𝑃 𝜕𝑡
 dP dt +  

1

2

∂2V

∂t2
 (𝑑𝑡)2                      (1) 
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Terms dP and dt in the limit would tend to zero. Thus, the terms 
𝜕2𝑉

𝜕𝑃 𝜕𝑡
 dP and  

1

2

∂2V

∂t2
 (𝑑𝑡)2 are 

equal to 0, and replacing the term (𝑑𝑃)2 = σ2P2 dt  in Eq. (1), it can be rewritten as: 

 

                                      dV =
𝜕𝑉

𝜕𝑃
𝑑𝑃 +

∂V

𝜕𝑡
𝑑𝑡 +

1

2

∂2V

∂P2
 σ2P2 dt                                               (2) 

 

 Replacing dP = μP dt + σPε√𝑑𝑡 in Eq. (2), we have Ito’s lemma: 

 

                             dV = ( 
𝜕𝑉

𝜕𝑃
 μ𝑃 +

∂V

𝜕𝑡
+
1

2

∂2V

∂P2
 σ2P2 ) dt + 

𝜕𝑉

𝜕𝑃
 𝜎𝑃𝜀√𝑑𝑡                               (3) 

 

The term 
∂V

𝜕𝑡
𝑑𝑡 is equal to zero in Eq. (3) (the time (t) is not an important variable decision due 

the infinite life of a project), and so, it can be expressed as:     

 

                      dV = (V´ (𝑃) μ 𝑃 +
1

2
 𝑉´´(𝑃) σ2P2)  dt +  V´ (𝑃) 𝜎𝑃𝜀√𝑑𝑡                            (4) 

 

, where the terms V´ (𝑃) =  
𝜕𝑉

𝜕𝑃
  and  𝑉´´(𝑃) =  

∂2V

∂P2
 . 

 

Next, we can take the expected value of both sides of Eq. (4), we obtain: 

 

                              E(dV) = (V´ (𝑃) μ 𝑃 +
1

2
 𝑉´´(𝑃) σ2P2)  dt                                             (5) 

 

Definition of an idle project’s value  

 

In equilibrium, an expected capital gain of an idle project would be equal to the return of the 

investment (ρV0  (P) dt). With V0 (p) being the idle project to be initiated, therefore, we obtain: 

 

                          (V0´ (𝑃) μ𝑃 +
1

2
 V0 ´´(𝑃) σ

2P2) dt =  ρV0  (P) dt                                       (6) 

 

 Dividing by dt, we have:  

 

                           (V0´ (𝑃) μ𝑃 +
1

2
 V0 ´´(𝑃) σ

2P2) =  ρV0  (P)                                               (7) 
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The solution of the differential equation is the following: V0  (P) =  AP
−α +  BPβ, A and B 

constants are estimated in a later section, and where the α and β are equal as: 

 

− 𝛼 =
 σ2− 2 μ− ((σ2− 2u)

2
+ 8ρσ2 )

1/2
  

2𝜎2
  < 0 

 

and                                       𝛽 =
 σ2− 2 μ + ((σ2− 2u)

2
+ 8ρσ2 )

1/2
  

2𝜎2
 > 1                                        (8) 

 

 The value of an idle project V0  (P) is defined as AP−α +  BPβ. If the market price is close to 

zero, it means that there are no incentives to initiate the project (the option is worthless), and 

so V0  (P) = 0, to have this fact, the constant A must be equal zero7 due the value of α>0 and 

β>1. Thus, the value of an idle project can be expressed as: 

 

                                                       V0  (P) = BP
β                                                                  (9) 

 

Definition of the value of an active project  

 

In equilibrium, for an active project, the normal return is equal to the addition of expected 

capital gain and net revenue flow:  

 

                                            ρV1(P) dt =  E[dV1] + (P − C)dt                                            (10) 

 

Replacing the term E[dV] =  (V´ (𝑃) μ 𝑃 +
1

2
 𝑉´´(𝑃) σ2P2)  dt of Eq. (5) in Eq. (9), and 

dividing the equation for the term dt, we obtain:   

 

                           ρV1(P)  = (V1´ (𝑃) μ 𝑃 +
1

2
 𝑉1´´(𝑃) σ

2P2)  + (P − C)                            (11) 

 

Reordering all the terms of equation above and equal to 0, we obtain:  

                         V1´ (𝑃) μ 𝑃 +
1

2
 𝑉1´´(𝑃) σ

2P2  + (P − C)  − ρV1(P)  = 0                         (12) 

                                                 
7 If A ≠ 0 and P → 0 in V0  (P), there would be a value of the option to enter, that situation is not logical, because firms do not have incentive 

to enter with P→ 0. So, the constant A must be equal to 0.  
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The solution of Eq. (12) is equal to: V1(P)  = AP
−α +  BPβ + 

P

(ρ−μ)
− 

C

ρ
. The solution shows 

the net revenue flow expressed as (
P

(ρ−μ)
− 

C

ρ
), and abandonment option expressed as (AP−α +

 BPβ). If the market price tends to infinity (P → ∞), the option abandonment would tend to be 

zero. Considering the value of α>0 and β>1, the abandonment option would be 

zero (AP−α +  BPβ = 0), only if B constant takes a value of zero8. Thus, the value of an active 

project can be expressed as: 

 

                                           V1(P)  = AP−α + 
P

(ρ−μ)
− 

C

ρ
                                                      (13) 

 

Definition of the entry (H) and exit (L) prices  

 

H is the entry price that defines the firm’s entry decision. The value of the option of invest 

V0(H) must be equal to the expected value of the executed project (V1(H)) minus the 

investment cost (K), and so, the value-match condition is: 

 

                                             V0(H) =  V1(H) − K                                                                (14) 

 

Also, the smooth-pasting condition requires that the two value functions meet tangentially: 

 

                                              V0 ´(H) =  V1´(H)                                                                   (15) 

 

The firm’s exit decision is defined by the price L, so the abandonment option V0(L) must be 

equal to the expected value of the project (V1(L)) added to the abandonment cost X. Therefore, 

the value-match condition is:  

 

                                               V0(L) =  V1(L) + X                                                               (16) 

 

And the smooth-pasting condition requires that the two values functions meet tangentially: 

                                                 
8 If B ≠ 0 and P → ∞ inV1(P), there would be a value of the abandonment option, that situation is not logical, because with a p → ∞ a firm 

never has incentive to take exit decision. So, the constant B must equal be to 0.  
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                                               V0 ´(L) =  V1´(L)                                                                   (17) 

 

We obtain four equations that solve the entry (H) and exit (L) prices. 

Substituting V0(H),V1(H), V0(L) and V1(L) in the Eqs. (14), (15), (16) and (17), and reordering 

the equations, we get the following system:         

                                              AH−α −  BHβ + 
H

(ρ−μ)
− 

C

ρ
 = K                                                       (18) 

                                       −αAH−α−1 −  βBHβ−1 + 
1

(ρ−μ)
 = 0                                              (19) 

                                           AL−α −  BLβ + 
L

(ρ−μ)
− 

C

ρ
 = −X                                                (20) 

                                        −αAL−α−1 −  βBLβ−1 + 
1

(ρ−μ)
 = 0                                               (21) 

 

First, we must estimate (µ, 𝜎2 and ρ) with the coffee price and banking rate series. Then, the 

estimated variables are replaced in Eq. (8) to get α and β. Next, all variables are substituted in 

Eqs. (18), (19), (20) and (21). Therefore, we can obtain A, B, H and L for numerical solution. 

Dixit (1989) estimates H and L prices in the following formulas:  

 

                             H = WH
(ρ−μ)

ρ
 

β

(β−1)
 and L = WL

(ρ−μ)

ρ
 

α

(1+∝)
                                           (22) 

 

where WH ≡ C +  ρK and WL ≡ C −  ρL. With these variables and equations, we define the H 

and L prices for Arabica and Robusta coffee for the period 2002-2012, and therefore growers’ 

entry or exit decision in this volatile and uncertain sector. 

 

3.2.5 Data 

 

Ecuadorian coffee prices 

 

The Ecuadorian Arabica and Robusta coffee annual prices (USD/lb) for the period 1990-2012 

were obtained from the (ICO) International Coffee Organization, denominated in nominal 

terms. Future coffee prices are negotiated in the New York and London markets. Thus, world 

coffee prices are exogenous variables that affect the Ecuadorian prices directly. We supposed 

that the coffee price follows a random walk behavior as:   
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                                                Pt =  λPt−1 + ut                                                                    (23) 

 

where, Pt−1 is the price of the previous year, and ut is the error term that follows a random 

walk with value 0 and constant variance. To determinate if Ecuadorian coffee prices follow a 

random walk behavior, it is necessary to perform the Unit Root Test (λ = 1). We used the 

Augmented Dickey-Fuller test to validate the unit root with three possible models for each 

series: without constant, with constant as well as with constant and trend, where ∆Pt = Pt  −

 Pt−1  and δ =  λ − 1. 

 

                                              ∆Pt = δPt−1 + α∆Pt−1  + ut 

∆Pt = β1 +  δPt−1 + α∆Pt−1  + ut 

∆Pt = β1 + β2 t +  δPt−1 + α∆Pt−1  + ut 

 

This test was performed for Arabica and Robusta price series. In each model, we incorporated 

lagged terms to analyze, with most accurately, the existence of the unit root. For Arabica series 

results, none of the models rejects the null hypothesis at a confidence level of 95%. However, 

for Robusta series results, two of three models cannot reject the null hypothesis at confidence 

level of 95%9. Thus, with these values, we supposed that Ecuadorian Arabica and Robusta 

coffee prices follow a random walk behavior.  

 

Now, we get the returns (𝜃 = ln(𝑃𝑡 𝑃𝑡−1⁄ )) for Arabica and Robusta price series for the period 

(2002–2012), and so, we get µ and 𝜎2 for each year, whereby, these values are used to estimate 

H and L prices.  

 

Cost of capital  

 

This information is obtained from the (BCE) Central Bank of Ecuador (2002-2012). In 

Ecuador, the financial system is divided into segments. The banking interest rate varies 

according to the segments. However, agricultural growers do not have access to the 

conventional Ecuadorian banking system because many of them do not have any collateral. 

For this reason, it is the public bank that provides loans to agricultural growers. For banking 

                                                 
9 The results data and test execution are available from the author upon request. 
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data, we select the interest rate that banks used for the period January 2002-June 2007. Since 

mid-2007, a new regulation of the financial system created segments according to the amount 

of credit money that the clients applied for. Therefore, we select the PYMES (Small and 

medium firms) segment, which is for clients requiring a loan equal to or less than USD 200,000 

for the period August 2007-December 2012. This segment corresponds to the amount of 

money that growers required for the investment in the coffee activity.   

 

Coffee costs 

 

Coffee is a perennial tree that is productive for up to 20 years. According to the information 

published by the (MAGAP) Ecuadorian Ministry of Agriculture, and shown in the Table 3.2, 

Robusta coffee costs 3,034 USD/ha (first and second years) in 2013. This cost does not 

consider depreciation and assumes that the grower owns the land; additionally, the irrigation 

system is not considered in this cost. Rainfall, rivers or tanks near the farms provide water for 

the coffee hectares. In 2012, Ecuador had 108,064 ha of coffee trees that did not have irrigation 

systems (INEC, 2012); this represents 95.51% of coffee hectares in the country.  

 

Now, we can estimate Arabica and Robusta costs (USD/lb). Table 3.2 shows establishment 

and maintenance costs per hectare for Robusta and Arabica coffee (all the cost items are 

expressed in 2013 prices). The (MAGAP) Ecuadorian Ministry of Agriculture only made 

public the cost structure for Robusta variety10. This cost structure shows the quantity of labor 

and agrochemical products required to cultivate one hectare of Robusta coffee in Ecuador. For 

Arabica coffee, we performed an adjustment of the quantity of inputs (labor and 

agrochemicals) and costs in Table 1 to obtain the most accurate estimated cost for this variety. 

 

 

 

 

 

 

 

 

                                                 
10 The MAGAP published the cost farm structure in: http://sinagap.agricultura.gob.ec/insumos-cafe 
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Table 3.2. Establishment and maintenance cost (in USD/ha) for Arabica and Robusta coffee  

Activities 
Robusta coffee Arabica coffee 

First 

year 

Second 

year 

From the third 

year 

First 

year 

Second 

year 

From the third 

year 

Land 

preparation 

348 0 0 672 0 0 

Sowing 760 0 $0 1,390 $0 0 

Fertilization 455 377 412 640 335 304 

Cultural labor 357 $441 407 357 465 410 

Insect control 26 $38 53 26 38 53 

Disease control 26 $38 53 26 38 53 

Harvest 72 $96 766 72 96 846 

Annual cost 2,044 $990 1,691 3,183 972 1,666 

Source: MAGAP (2014) 

 

For Robusta coffee, sowing is the largest cost item for the first year (USD 760). Fertilizer and 

cultural labor represent 82.58% of the total cost for the second year. During our analysis period 

(2002-2012), the values were adjusted to the inflation rate (agrochemical products, seeds, etc.) 

and labor wage for each year. During 2012, the cost of establishing a coffee hectare was USD 

2,783.15. We could estimate cost K to be 5.49 USD/lb in 2012, this value is calculated by 

dividing establishment cost per hectare by the average coffee yield (MAGAP data). 

 

To estimate the variable cost per unit (C), we considered as a reference the activities of the 

third year that the MAGAP has estimated to a value of 1,691 USD/ha for 2013. Harvest was 

the highest cost in that year (USD 766) due to the wages paid. With the variable cost adjusted 

to the data and average yield for each year, we could estimate variable C for the whole 

analyzed period. It is important to note that coffee beans are sold without any transformation 

process. The model assumes an infinite life project (renewal of the trees and fixed assets). In 

our case, growers do not have any irrigation system, which means that they do not to require 

fixed assets. For 2012, we estimated C cost as 3.65 USD/lb; this cost includes variable cost 

and the cost for growers to renew the trees every 20 years (infinite project assumption).  
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We tried to estimate the abandonment cost per lb (X), but we did not find any official 

information (costs of tree-cutting and land-clearing). Therefore, we considered an estimated 

cost of 16 units of labor per hectare (MAGAP defines that 16 units of labor are required to 

clear the land before planting Robusta coffee; we will consider that the same amount of labor 

is necessary to clear the land of coffee trees and switch to another crop). For the 2002-2012 

period, we considered MAGAP and the basic Ecuadorian wage to estimate X value for each 

year. For 2012, the daily wage for land preparation activities in the agricultural sector was 

USD 10-12.70 depending on the province (MAGAP, 2014). We considered a value of USD 

10 for this year. Then, we estimated the X cost as 160 USD/ha and 0.32 USD/lb.  

 

Also, table 2 shows the cost for an Arabica coffee hectare in 2013. Establishment costs reach 

USD 4,155 (first and second year) and variable cost USD 1,666. To estimate K, C and X 

Arabica cost, we adjusted the values to inflation rates, labor wages and tree renewal costs for 

each year for the analyzed period. 

 

For 2012, we obtained K (7.64 USD/lb), C (3.85 USD/lb) and L (0.32 USD/lb) costs. It was 

possible to verify that only the K cost had significant difference between both varieties. This 

results from the investment made in the first year: sowing, land preparation and fertilization 

activities demand more resources for Arabica coffee, the main reason being that more trees 

have to be planted per hectare. 

 

3.3 Results 
 

We estimated H and L prices for Arabica and Robusta coffee. Figure 3.4a shows entry (H) and 

exit (L) Arabica prices and paid prices to the grower11 on the left-hand side and the evolution 

of coffee harvest hectares on the right-hand side for the analyzed period 2002-2012. The price 

to enter the coffee activity, H, was between 6.40 and 17.57 USD/lb. Since 2004, the H prices 

followed a downward trend. However, these values would not provide an incentive to enter 

the coffee activity (H prices were above paid prices to Ecuadorian Growers), nor did they 

provide incentive for current growers to renew coffee trees. 

 

                                                 
11 Paid price data is adjusted to coffee cherry prices according to the COFENAC information.  
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The L price defines the exit decision for the activity. By comparing L prices with paid prices 

to Ecuadorian growers, we observed that L prices are above paid prices in most years (except 

in 2011). Thus, an average coffee grower would be inclined to exit the sector in most of 

analyzed years. This is consistent with the decreasing number of hectares in the coffee harvest. 

The decreasing trend started in 2004, despite increasing coffee prices. In Ecuador, the costs 

agrochemicals products and wages have increased continuously. Variable cost (C) has also 

experienced an increased tendency, lifting the L price upwards.   

 

Figure 3.4b shows the Robusta coffee situation. Entry prices (H) present values between 6.58 

and 17.63 USD/lb during the entire analyzed period. With these prices, we can determine that 

there were insufficient incentives to enter (new growers) or renew coffee hectares (current 

growers) due to the low prices paid for Robusta coffee in Ecuador during the 2002-2012 

period.  

 

(a)  
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(b)    

 

Figure 3.4. Entry (H) and exit (L) Arabica (a) and Robusta (b) prices, Ecuadorian Arabica (a) 

and Robusta (b) paid prices to growers and coffee area harvest 

 

The paid prices received by Robusta growers did not cover C costs in any year. Thus, the 

coffee activity does not generate profits and coffee growers would incur economic losses if 

they continued in the activity. We observe that L line was above paid price in all analyzed 

periods, indicating that coffee prices were too low for current growers. This supports the 

conclusion that average Ecuadorian coffee growers would take the exit decision every year 

since 2002.  

 

Our findings indicate that, for both coffee varieties, volatile and uncertain prices as well as 

increasing costs, forced growers to exit the sector. More specifically, variable μ representing 

the expected rate of market growth exhibited negative values for Robusta in 2002 and for 

Arabica in 2002-2003. Since 2004, μ has positive values caused by the high upward trend 

experienced in the world and Ecuadorian coffee market. This upward movement would be 

attractive to new (enter) and current (renewal of hectares) growers; nonetheless it did not have 

the expected effect in the Ecuadorian coffee market. This is explained by the increasing labor 

costs, which cause K and C values to increase, in turn triggering high values of H and L prices; 
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the average yield would be measured as an indirect force that pushes K and C costs up. The 

average coffee yield for Ecuadorian growers is considered low (0.1- 0.3 t/ha.) if it is compared 

with some of the major principal coffee-producing countries. However, even if the average 

coffee yield improves in the next years, this would not guarantee that K and C would decrease 

to the necessary extent due to the increasing wage costs in previous years.  

 

3.3.1 Sensitivity analysis   

 

For each coffee variety, we performed a sensitivity analysis to evaluate how changes on the 

variables influence the entry (H) and exit (L) prices. We used @Risk software to perform the 

sensitivity analysis for year 201212. First, we determined the distribution for each variable 

according to the (AIC) Akaike Information Criteria. Next, we defined the entry and exit 

variables of the model to perform the sensitivity simulations for each coffee variety. With H 

and L simulation results, we chose the two most important variables for each coffee variety 

according to the output of the Tornado diagram.  

 

Figure 3.5 displays the simulation results of the Arabica. For 𝜎2 (the variance rate of price 

market), we simulated values between 5% and 35% and obtain H prices ranging from 6.72 to 

13.05 USD/lb. If market volatility increases, H increases. For variable C, with a value between 

0.05 and 5.00 USD/lb we obtained H prices of 2.44 and 12.2 USD/lb. Therefore, if the grower 

faces a higher cost C each year, the H price would be higher.  

 

For L price, μ (expected rate of the market growth) and ρ (capital cost) were the two most 

significant variables. We simulated variable μ values ranging from -50% to 10%, raising L 

between 3.33 USD/lb and 0.70 USD/lb. Our results showed the inverse relation of μ and L, as 

expected; as high coffee prices would encourage growers to continue producing coffee instead 

of exiting the sector. With variable ρ values between 7.5% and 30%, L prices varied between 

0.09 and 1.82 USD/lb. There was a direct relation between ρ and L: if ρ decreases for coffee 

growers, L will also decrease. This has an obvious policy conclusion: if access to capital can 

be obtained at lower interest rates, growers might be stimulated to remain in the coffee sector.  

 

                                                 
12 We selected the last year (2012) for the sensitivity analysis due to its more complete historical information to determine the distribution 

for each variable of the model.   
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Figure 3.5. Sensitivity analysis for entry (H) and exit (L) Arabica prices (2012) 

 

Figure 3.6 displays the price results for Robusta coffee. 𝜎2 and C are the most important 

variables affecting H prices. In the sensitivity analysis, we modeled 𝜎2 values in a range of 
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5% - 35% to simulate the effect of volatility in H price (6.10 - 10.85 USD/lb). In our 

simulation, we could find a direct relation between 𝜎2 and H: if 𝜎2 increases for coffee 

activity, a high H price is obtained. Therefore, new coffee growers would not start up a 

plantation, and current growers would not replant the trees. Variable 𝜎2 is more important for 

Robusta than for Arabica growers, based on the coffee simulation analyses. This suggests that 

Robusta coffee growers were exposed to more volatility and price uncertainty than Arabica 

coffee growers. For variable C, we simulated values ranging from 0.05 to 5.00 USD/lb and 

obtained H prices between 2.07 and 12.92. 

 

We also characterized an inverse relation of μ and L: if μ increases in the coffee market, the L 

price adopts a low value. This market movement would encourage current coffee growers to 

remain in business, but increasing costs would compromise the crop profits. When variable ρ 

was simulated with values ranging from 7.5% to 30%, we obtained L prices between 0.11 and 

1.62 USD/lb. The direct relation of μ and L implies that any increase in μ forces L to increase 

as well. 

 

Additionally, coffee growers were affected by increasing input costs, especially by the cost of 

labor for sowing, maintenance and harvesting activities. This reduces the profits and inflates 

L prices, encouraging growers to exit the coffee activity despite periods of high coffee prices 
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Figure 3.6. Sensitivity analysis for entry (H) and exit (L) Robusta prices (2012) 
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3.4 Discussion and Conclusions 

 

The results show that volatile and uncertain coffee prices may have been the major reason for 

growers to leave the sector during the period 2002-2012. Our sensitivity analysis highlights 

the importance of C (variable cost) in the definition of entry and exit coffee prices for both 

varieties. In year 2012, C had a value of 3.85 USD/lb for Arabica coffee and 3.65 USD/lb for 

Robusta coffee. Luong and Tauer (2006) found that cost C of Vietnamese Robusta coffee was 

from 0.15 to 0.27 USD/lb in the year 2002. In comparison, Ecuadorian Robusta coffee was 

much more expensive (4.87 USD/lb) during the same year. For Arabica coffee, Bravo et al. 

(2016) found a cost C of 1.51USD/lb in a conventional system for Colombian growers in 2010. 

For the same year, the difference between Ecuadorian growers and Colombian growers was 

1.98 USD/lb. Our conclusion is that Ecuadorian coffee production faced efficiency challenges. 

One of these challenges was the low yield (0.23 t/ha. for 2012). Since the end of 2011, the 

Ecuadorian government has offered growers technical assistance and better-quality seed. 

However, yearly increments in wages for farming activities increased as well harvest costs 

and reduced the expected profits. The future profits from an improved yield will be reduced 

in the long run as the wages increase each year. 

 

Simulations carried out on the variable μ (expected rate of the market growth) show that an 

increase in the value of μ causes a reduction in L prices for both coffee varieties. This would 

postpone the exit decision of current growers. At the same time, increasing K and C costs 

discourage current growers from staying in the activity due to the high production cost. The 

net effect of μ and increasing costs (K and C) is a slight reduction of L prices. Thus, the 

incentives to stay in the activity are low.  

 

Low 𝜎2 values reduced entry coffee prices, which would be attractive for new growers if C 

and K costs were not high. The net effect was a slight reduction of H price that did not 

encourage investment in new hectares or renewal of existing hectares. Price stabilization and 

risk-management mechanisms have been proposed to reduce the volatile and uncertain nature 

of the sector, but its successful application depends on transparency, fairness and 

intermediaries in the process (Mohan, 2007; Malan, 2013).  

 

An option to improve the growers’ household income is turning into organic growing and 

shading the coffee plantations. These coffee production systems would fetch better prices than 
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the conventional system, but costs and premium prices would not guarantee high profits in the 

long run according to an evaluation in other coffee producing countries (Valkila, 2009; Ruben 

and Fort, 2012). These possible solutions require more studies in order to find out whether 

they can succeed in the long run. 

 

The increasing farming costs forced all inefficient growers to leave the sector, a hypothesis 

that is proved by the exit prices obtained in the model. H and L coffee prices would be signs 

of profitable activity despite the volatility and uncertainty of the sector. The Ecuadorian 

government implemented a program offering technical and financial support. This policy only 

improves the harvest in the short or medium term. The main problem remains in the volatile 

and uncertain prices and increasing cost of production in the long term, which coffee growers 

have to face each year. The government and coffee growers must work together towards 

efficient production: finding a way to have an attractive and profitable activity despite of 

volatility and uncertainty.  
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Chapter 4 

 

The efficiency of public expenditure in risk management tools for 

Ecuadorian coffee growers 

  

4.1 Introduction 
 

Production and price variations are uncertainty factors in the agricultural sector (Moschini and 

Hennesy, 1999). These sources of uncertainty affect the growers’ benefits and decisions in the 

long-run. Other risks such as: regulatory, technological, financial and human resources are 

present for growers (Schaffnit-Chatterjee, 2010). However, these risks have less importance 

for growers than production and price risks (Schaffnit-Chatterjee, 2010). Growers adopt 

strategies to reduce the probability of negative profits and actions to mitigate the risks 

(Tangermann, 2011). The first one aims at selecting the most adequate production technology 

(improved and resistant-disease seeds or irrigation systems). The second one is the 

diversification of crops in the farm. But these strategies are insufficient when growers face 

other risks.  

 

Production risk is an uncontrolled event that affect growers (Harwood et al., 1999). Growers 

are exposed to adverse weather conditions (drought, hail, freeze and more events), and crops’ 

pests or diseases. These events bring yield losses in the farms. In recent years, the effects of 

climate change have affected the crops with increasing frequency (Heymann, 2007). For 

Ecuadorian coffee, the production risks are presented in coffee diseases and climate conditions 

as delayed rain and temperature variability (COFENAC, 2013; MAGAP, 2013, 2014).     
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Price risk occurs because of unexpected changes of market price (input and output) of the crop 

(Harwood et al., 1999). Growers pay more attention to output price risk than to input price 

risk (Schaffnit-Chatterjee, 2010), because of the effort and time growers require to sell the 

crop in the market. Output prices fluctuate according to the demand and supply in the world 

and domestic markets. The volatility of prices creates a serious problem for farmers and this 

issue generates concerns among policy makers and governments (Tangermann, 2011). 

Additionally, price transmission is another factor that generates distortion in the market; the 

crop is a commodity, and its marketing unfolds in a liberalized economy.  Price transmission 

has been reported to evolve rather quickly with most internationally tradeable commodities 

(Mofya-Mukuka and Abdulai, 2013). For the coffee sector, factors such as production, 

climate, world stocks and demand drive the formation of market prices (ICO, 2014b). The 

negative effects of the volatility of the coffee prices are demonstrated in the exit decisions of 

the sector for world (ICO, 2002) and Ecuadorian growers (Jácome and Garrido, 2017). 

Moreover, price transmission effects in the coffee sector are mostly damaging for growers in 

low price periods (Subervie, 2011; Worako et al., 2008). Therefore, it is important that policy 

makers and governments take actions to improve this situation.   

 

Risk management tools are developed to cope with the previously mentioned risks. Direct 

payments, crop insurance, income stabilization tools, access to credit and future/hedging 

contracts have been developed to help growers in the stabilization of the revenues or benefits. 

While these tools contribute to reduce the uncertainty and risk, their use depends on the access 

of the growers in the domestic market. Some of the limitations to future markets are transaction 

costs and information needs (Schaffnit-Chatterjee, 2010). However, the existence of market 

instruments in developing countries is very limited for growers (Tangermann, 2011). Other 

limitations for growers are the size of contracts and credits required for the operation in the 

future market (Dana and Gilbert, 2008). This fact is particularly relevant in developing 

countries, because farmers do not have the production and the economic resources required.  

 

The Ecuadorian Government launched “Agroseguro”, a crop insurance project for agricultural 

products such as corn, potato, wheat and rice in 2010 (MAGAP, 2017). The beneficiaries of 

the project are small and medium growers. The main benefit is the recovery of the production 

costs when their hectares are affected by climatic events, pests and crop diseases. Since 2015, 

the government has included coffee in the project. The government supports growers with a 

subsidy of the premium (60%). The rest of the premium and tax are paid by the grower at the 
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moment when the applications are approved. This tool helps the grower in the reduction of 

production risk.  

 

This policy supports and stimulates growers to continue agricultural activities. However, 

coffee growers have been exposed to volatility in the market. Revenue insurance is a risk 

management tool that has been developed and applied in some developed countries. This 

mechanism stabilizes the revenues and benefits of the growers (Schaffnit-Chatterjee-2010), 

but it has not been developed in the Ecuadorian agricultural market. In this study, we propose 

revenue insurance as a tool to mitigate the price risk.  

 

Therefore, it is interesting to evaluate both risk management tools in the Ecuadorian coffee 

sector. The main objective of this chapter is to assess the efficiency of the public expenditure 

as a risk management tool in the Ecuadorian coffee sector. In our study, we focus on growers 

that produce Arabica and Robusta coffee with a monoculture system in Ecuador. We used an 

income farm model to determine whether the subsidy in the crop, revenue insurance or both 

tools are an efficient expenditure as an agricultural policy. First, we estimated the expected 

benefit of a grower. Secondly, we calculated the certainty equivalent with three coefficients 

of risk averse. Finally, we estimated the certainty equivalent for all scenarios. With the 

estimated results, we can determine if the subsidy to crop insurance, revenue insurance or both 

tools for growers are an effective public policy measures in terms of increases of certainty 

equivalent per USD of public subsidy. Based on this analysis of effectiveness, we can 

recommend a policy that would be more effective for the coffee grower sector.  

 

The following section presents a review of the literature about risk management tools and 

policies applied to agricultural products. Next, we will describe the methodology and data 

used in this paper. Then, we will analyze the results of the study and discuss the implications 

of the policy in the sector. In the final section will present our conclusion of this study. 

 

4.1.1 Literature Review 

 

Risk management instruments help to mitigate, manage or cope with the effect of uncertainty 

(yield and price) in the agricultural sector. Turvey (2001) examines the weather derivate 

products as a hedging opportunity for farmers; the advantages of these instruments are the 
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payment for the occurring of a specific event (heat or rainfall). Bielza et al., (2004) compare 

five policies to stabilize the revenues of Spanish growers of the olive sector; the revenue 

insurance and tree-based aid are the best policies to reduce the risk and reduce the variation of 

growers’ revenues. Mohan (2007) estimates a hedging mechanism with a coffee-put options, 

the outcome suggests the benefits for coffee producers and the low cost of the mechanism. 

Bielza et al., (2007) analyze the optimal choice of instruments to manage commodity price 

risks, they do an application for the potato sector in Spain and find that revenue insurance 

subsidies determine the choice of instrument. Chuku and Okoye (2009) study the Sub-Saharan 

Africa agriculture sector, and they suggest the use of risk management tools (insurance and 

future contract, participation in income stabilization programs, crop diversification and 

technological developments) to reduce the growers’ vulnerability of facing shocks and crises. 

Tauser and Cajka (2014) compare four hedging strategies for wheat producers; the authors 

explain the advantages and disadvantages of each strategy. Rusnáková (2015) focuses on the 

modeling of hedging scenarios for wheat, and the outcomes indicate positive results with the 

use of options strategies in declining price scenarios.   

 

Agricultural risk-management policies are analyzed in the following works: Xing and Lu 

(2010) evaluate the agricultural insurance policy for farmers in Beijing, indicating the 

necessity of municipal governments to secure larger expenditures in the program and 

reinsurances to diversify the risks. Yang et al., (2010) value the efficiency of crop insurance 

program in 13 provinces of China. These authors determine that the program cannot stimulate 

farmers to take the insurance due to the fact that coverage level is low. Antón et al., (2011) 

analyze the risk, strategies and policies of the Canadian agricultural sector, highlighting the 

problem of farmers’ perceptions of the benefits of the programs and the governmental efforts 

to correct it. Kimura and Anton (2011) verify the efficiency of AgriStability (farm income 

stabilization) program in Canada, the results indicate that the program stimulates growers to 

reduce the crop insurance and take more risk exposure. Capitanio et al., (2013) evaluate the 

Italian agricultural sector after the CAP reforms; they describe the benefits of IST (Income 

Stabilization Tool) for farmers and the main problems to define the expenditure for the new 

policy.  

 

Additionally, farmers’ risk perceptions and actions are evaluated in different countries. Martin 

(1996) uses a questionnaire for New Zealand farmers and growers to investigate the 

perceptions of market, financial, production, regulatory, human and miscellaneous (theft, 
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labor hired) risks. The results indicate that market risk (price variations) is the main concern 

for growers. Diverse strategies are used depending on the nature of the product, market 

structure and regulatory environment. Mishra and El-Osta (2002) examine with a Logit model 

the factors that influence farmers to acquire a hedging/future or crop insurance in the United 

States. The education level, participant of risk management strategies and controlling debt are 

the factors that influence farmers to use crop insurance. In the case of hedging/future 

insurance, the education level, off-farm income and high computer knowledge are the factors 

that stimulate it. Hanson et al., (2004) organize focus groups to evaluate the risk, risk-

management strategies and assistance of organic farmers of six states of USA. They conclude 

highlighting that climate risk is similar to conventional farmers, although they face at their 

own risk production and marketing systems. Cultural practices (rotation and diversification of 

crops), marketing strategies (sell in different channels) and mutual supported groups are the 

tools of risk-management strategies. Toledo et al., (2011) rank risk factors to face farmers of 

Central Southern of Chile. The results determine that price and cost climate risk were the most 

important for farmers. 

 

4.2 Methodology and Data 
 

4.2.1 Methodology 

 

A coffee grower is expected to maximize the benefits of the farm expressed in the following 

way: 

 

                                                             Π̃𝑡 = R̃𝑡  −  C                                                               (1)      

 

Where  Π̃𝑡 is the grower benefit from the coffee activity for the year t. R̃𝑡 is the revenue in the 

year t, and C is the cost production of the crop. In this study, we assume that the grower only 

cultivates coffee in the farm (monoculture system).     

 

Equation 2 defines the estimate revenue in the year t:  

 

                                                       R̃𝑡 = (�̃�t �̃�t ) + 𝐼t + 𝑅𝑒�̃�t                                                           (2) 
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 Where �̃�t is the price received for the sale of coffee in the year t. �̃�t is the farm yield in the 

year t. 𝐼t is the result of protection tool (in our case, the crop insurance), it takes the value of 0 

if the coffee grower does not contract the insurance and takes a value different from 0 when 

the grower uses the insurance. 𝑅𝑒�̃�t is the revenue insurance result in the year t. It takes a 

value of 0 when the coffee growers do not use the insurance. If the growers are beneficiaries, 

they would receive an indemnity depending on the revenue obtained in the year t. In the model, 

we assume that C is constant in the whole period of analysis. �̃�t and �̃�t  vary each year due to 

market movements or climate events or pest and disease of the crops. 

 

If a grower decides to contract crop insurance, it includes the payment of a premium (Pi). This 

payment is realized after the sowing activity. This contract offers an indemnity in case of a 

lower yield due to climatic events and pests of diseases. 𝐼t is calculated as follow: 

 

                                            𝐼t = {
I [Cx (Ye − �̃�t )] − Pi, �̃�t < Ye

−Pi, �̃�t ≥ Ye
                                           (3) 

 

Equation 3 shows the estimation of crop insurance (𝐼t) in the year t. Ye is the guaranteed yield 

that the grower expects to harvest, Cx is the cost of production before harvesting activity and 

I is the proportional (%) payment that grower received in the case of being a beneficiary of 

indemnity.  

 

                                                   𝑅𝑒�̃�t = {
 [X (Re − R̃𝑡)] − P𝑟 , R̃𝑡 < Re

−P𝑟 , R̃𝑡 ≥ Re
                               (4) 

 

Equation 4 presents the possible values of  𝑅𝑒�̃�t in the year t. Re is the expected revenue of 

grower, X is the proportional (%) payment if a grower were to receive it as an indemnity, and 

P𝑟 is the paid premium of the revenue insurance.  

 

The certainty equivalent helps to evaluate the growers’ decision for protection tools (contract 

or do not contract the crop insurance or revenue insurance). The certainty equivalent is 

estimated according to Bielza et al., (2004) study. First, we estimate the utility grower´ with 

the following formula: 
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                                                                𝑈 (Π𝑡) =
Π𝑡

1−𝑟𝑟

1−𝑟𝑟
                                                        (5) 

 

Where (Π𝑡) is the benefit of the coffee grower in the year t, it considers the sale of coffee crop 

in the domestic market, and the benefits of risk management tools (crop insurance and revenue 

insurance) if the grower is a beneficiary. rr is the coefficient of risk aversion and takes values 

of 0.1 (lower), 0.5 (neutral) and 0.9 (high) in this study. Next, we estimate the (CE) certainty 

equivalent as follow: 

 

                                                              CE = 𝑈−1 𝐸(𝑈(Π̃𝑡))                                                    (6) 

  

Where, Π̃𝑡 is the random variable of the benefit, the CE provides an utility measure to evaluate 

the four scenarios of risk management tools: 1) without risk management tools, 2) crop 

insurance, 3) revenue insurance, and 4) crop and revenue insurance. With the estimated results, 

we evaluate the efficiency of public expenditure of each risk management tool. We use the 

criterion (ΔCE/PE), which represents the increase of certainty equivalent by dollar spent in 

subsidizing the policy premium. We estimated the CE for each risk management scenario. 

 

4.2.2 Data 

 

Coffee prices were obtained from ICO (International Coffee Organization) and the MAGAP 

(Ministry of Agriculture of Ecuador). The price series are in nominal (USD/lb) and annual 

terms for the period 2002-2016. Figure 4.1 shows the price series for two coffee varieties 

(Arabica and Robusta), which depicts a volatile behavior in both coffee price series. It is 

caused by the world price movements due to production, consumption and stock movements 

in the world coffee market (ICO, 2014b). 
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Figure 4.1. Arabica and Robusta paid prices for Ecuadorian growers 

Source: ICO (2015) and MAGAP (2016)  

 

Production costs are obtained from the MAGAP bulletin13. These costs were recalculated 

considering the inflation index and labor cost from the year 2015 and 2016. For 2016, we got 

a cost of 1,231.56 (USD/Ha.) for Robusta and a cost of 1,218.54 (USD/Ha.) for Arabica. The 

(Pi) insurance premium is calculated with a fixed tax of 2.5% of the cost of production (without 

harvesting costs) by MAGAP. The 2.5% is indifferent of the hectares planted by growers, Pi 

is estimated in a range of cost production between 750 – 1,317 (USD/Ha.) by MAGAP. In our 

study, we estimated the Cx values (Cost without harvesting) at 811.23 (USD/Ha.) for Robusta 

and 749.68 (USD/Ha.) for Arabica. The insurance premium paid by grower was 12.44 

(USD/Ha.) for Robusta and 11.55 (USD/Ha.) for Arabica in 2016. These values were paid by 

the grower in the moment in which the insurance application was approved14. The subsidy of 

the government is 60% of insurance premium (before tax). USD 11.25 for Robusta and USD 

12.16 for Arabica were paid by the government as subsidy. To estimate the value of I, a 

technician of the Ministry of Agriculture indicated that the indemnity compensates the 80% 

of the cost production of the hazard reported in the farm.   

 

In the case of revenue insurance, we estimated the premium with 2,000 Monte Carlo 

simulations of yields and prices. The premium was considered as the expected value of 

                                                 
13 The MAGAP bulletin is obtained from http://sinagap.agricultura.gob.ec/index.php/situacionales-de-cultivo-2015/file/871-cafe. 
14 The USD 12.44 and 11.55 are the payments of insurance crop (including tax and discounting the subsidy (60%)).  
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indemnities; we estimated the value of the premium of revenue insurance in USD 26.03. This 

value included the tax that the grower paid. Assuming a government subsidy of 60% of 

premium (without tax), we estimated a payment of USD 13.26 (USD/Ha.) by the grower 

(including tax) for the revenue insurance and 12.8 (USD/Ha.) for the government subsidy.  For 

X value, we assumed that the revenue insurance compensates 80% of the difference of 

expected and obtained revenues (this works in a similar way as indemnities of crop insurance). 

Figure 2 shows the total premium (including tax) and the government subsidy of crop and 

revenue insurance. 

 

 

Figure 4.2. Total premium and Government subsidy of crop and revenue insurance 

Source:  MAGAP (2017) and Own Estimation 

  

Yields are obtained from (INEC) National Institute of Statistic and Census and MAGAP. In 

Ecuador, coffee is cultivated in 23 provinces. We selected two provinces (one for Robusta and 

one for Arabica coffee). The yield data are referred to the period 2012 – 2016.  Table 4.1 

shows the yields for each province and coffee variety. Yield variations are explained for 

diverse facts. One of them is the climate anomalies (COFENAC, 2013), because delayed rains 

and temperature variations do not permit the development of the crop correctly. The other 

problems detected are crop diseases. Growers reported that leaf rust is the main problem for 

Arabica plants and coffee berry borer for Robusta plants (MAGAP, 2016).  
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Table 4.1 Coffee yield for Province of Ecuador (t/ha.) 

Coffee variety Province 2012 2013 2014 2015 2016 

Robusta Orellana 0.13 0.19 0.29 0.21 0.49 

Arabica Zamora 0.15 0.30 0.23 0.59 0.71 
Source: INEC (2016) and MAGAP (2016) 

 

We determined the probability distributions of price and yield series for each coffee variety. 

We used the @Risk software to fit the yield and price series with the low value of chi-square 

statistic. Similarly to Bielza et al., (2004) study, we used asymmetric density functions with 0 

in the left side and bounded in the right side15.  Prices were modeled with annual observations 

(period 2002 - 2016). The Weibull and Gamma distribution fitted both coffee prices with a 

best precision (Robusta and Arabica). Coffee price experimented high volatility in the 

domestic market. Thus, we only modeled one scenario (high and volatile) in this study. In the 

case of yields, we used the Triangular distribution to model the yields for Robusta and Arabica 

coffee. Due to lack of information about fire and hail events, we assumed the probability at 

5% percent. A similar value is used by Castañeda (2016) study. Next, we simulated the 

expected benefits and certainty equivalent with the @Risk Software for Robusta and Arabica 

coffee.  

 

4.3 Results  
 

We estimated the benefits of an Arabica and Robusta coffee growers for 2016. We found a 

benefit of growers in -771.98 (USD/Ha.) for Robusta and 621.72 (USD/Ha.) for Arabica. The 

revenues were not sufficient to cover the production costs (before harvesting). It was explained 

by the low price received (USD 0.35 per lb.) and low yield obtained (0.49 T/Ha). 

 

For the case of Robusta coffee, the simulation results determined an expected benefit of -655 

(USD/Ha.) and standard deviation of USD 161.27 per Ha. The utility grower function used in 

this work to estimate the Certainty Equivalent is only for the case of a grower with a positive 

benefit. A Robusta coffee grower showed a negative benefit in the simulations results, with a 

probability of 100% to be go beyond 0. So, we only estimate the certainty equivalent for an 

Arabica coffee grower.   

 

                                                 
15 We used the RiskTruncate function for the series that are truncated in the right side. 
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Table 4.2 and Fig. 4.3 show only the results of Arabica simulations for risk management 

scenarios: 1) without risk management tools, 2) crop insurance, 3) revenue insurance, and 4) 

crop and revenue insurance. It shows the expected benefits, standard deviation and coefficient 

of variation for each simulated scenario. The expected benefits and standard deviation were 

measured in USD per ha. Analyzing them in detail, we found that the scenario 3 (revenue 

insurance) offered growers the greater benefits. This strategy aimed to reduce the variability 

(standard deviation and coefficient of variation) of the benefits. In the base scenario (without 

risk management strategy), the probability to have an expected benefit of less than zero was 

54.80%. 

 

 

Figure 4.3. Expected benefit simulations for Arabica grower (Scenarios 1, 2, 3 and 4)  

Source: Own Simulations in @Risk  

 

The risk management tools aimed to reduce the probability to have a benefit of zero, and the 

best tool for the expected benefit for growers was the scenario 3. Although the standard 

deviation was reduced in each scenario, it still remained high for the growers. This is explained 

by the volatile and uncertain environment in which a coffee grower worked.  

 

Table 4.2. Simulation results of Expected coffee growers benefit in USD per Ha (variety: 

Arabica).  

Risk management tools Π St. Dev. CV 

None (1) 54.09 595.72 11.01 

Crop insurance (2) 4.31 574.64 133.21 

Revenue insurance (3) 314.56 381.15 1.21 

Crop and revenue insurance (4) 300.88 355.77 1.18 
Source: Own Elaboration 
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The Figure 4.4 shows the certainty equivalent of growers with the benefits (2000 Monte Carlo 

simulations) results for the scenarios: 1 (without risk management), 2 (crop insurance), 3 

(revenue insurance) and 4 (crop and revenue insurance). Each figure includes the certainty 

equivalent of a grower with different risk averse coefficient (low, neutral and high). All 

growers (low, neutral and high risk averse) had a certainty equivalent of less than 1 USD/Ha. 

when the benefit is lower than 621.72 USD/Ha. This fact reinforced the idea of a coffee grower 

likely being more inclined to use (contract) an insurance as mechanism to secure the most 

benefits possible.    
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d) 

 

Figure. 4.4. Certainty Equivalent (low, neutral and high risk averse) for the simulations 

scenarios (1 (a), 2 (b), 3 (c) and 4 (d)). 

 

Table 4.3 shows the certainty equivalent (CE) results measured in USD per Ha. The CE was 

estimated with three different risk averse coefficient: 0.1 (low), 0.5 (neutral) and 0.9 (high). 

We observe that coffee growers with low, neutral and high risk averse would chose scenario 

3 as the first option and scenario 4 as the second option.  

 

Table 4.3. Certainty Equivalent results for different risk aversion coefficient  

 CERTAINTY EQUIVALENT (USD/Ha) 

Risk management tools 0.1 0.5 0.9 

None (1) 0.11 0.29 0.78 

Crop insurance (2) 0.01 0.08 0.61 

Revenue insurance (3) 0.54 0.71 0.93 

Crop and revenue insurance (4) 0.52 0.70 0.80 
Source: Own Elaboration 

 

Table 4.4 shows the efficiency of public expenditure in the risk management tools; it was 

measured in (USD/USD-1) per Ha. Table 4 shows the public expenditure, expected benefit and 
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certainty equivalent of low, neutral and high risk averse. Analyzing the public expenditure, 

the least efficient scenario of the risk management tools was the scenario 4 (crop and revenue 

insurance). The simulation results indicated that the government required USD 24.09 to 

implement the policy. Scenario 2 presented the lesser amount of resources required for the 

government to be implemented. In the (Π̃𝑡) benefit results, we found that the best option for 

growers was the revenue insurance (scenario 3), the public expenditure was more effective in 

the scenario 3 due to the fact that growers would obtain greater benefits and they would reduce 

the benefits variations.  

 

Results of certainty equivalent indicated that the scenario 3 (revenue insurance) was the most 

effective risk management strategy for all risk averse coefficient (low, neutral and high). The 

results show a better certainty equivalent for the coffee growers if it was compared with the 

other scenarios. This means that public expenditure in the revenue insurance would be a more 

effective policy for the coffee grower sector.    

  

Table 4.4. Public Expenditure efficiency (ΔCE/PE) in risk management tools 

 PUBLIC EXPENDITURE EFFICIENCY (USD/USD-1) 

Risk management tools PE Π 
(ΔCE/PE) 

CE0.1 

(ΔCE/PE) 

CE0.5 

(ΔCE/PE) 

CE0.9 

None (1) - - - - - 

Crop insurance (2) 11.25 -4.42 -0.001 -0.018 -0.015 

Revenue insurance (3) 12.84 20.28 0.034 0.033 0.012 

Crop and revenue insurance (4) 24.09 10.24 0.017 0.017 0.001 
Source: Own Elaboration 

 

4.4 Discussion 
 

The use of both risk management tools increases the expected benefit and reduces the standard 

deviation and coefficient of variation. From an efficient public expenditure approach, scenario 

3 (only revenue insurance) is the best risk management tool due to the efficiency of the 

resources invested for the government. This result is confirmed with the certainty equivalent. 

An Arabica coffee grower would improve the benefits and would be encouraged to contract 

the revenue insurance. Therefore, if the Ecuadorian program launched the revenue insurance 

and supported the grower with the subsidy of the premium, the program would show a greater 

efficiency of public expenditure.  
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The simulation results are in accordance with other risk management tools studies; the benefits 

of risk management tools are shown for coffee (Mohan, 2007) and other agricultural products  

(Bielza et al., 2004; Chuku and Okoye, 2009; Castañeda, 2016; Turvey, 2001; Tauser and 

Cajka, 2014; Rusnáková, 2015; Capitanio et al., 2013). For coffee, hedging contracts and price 

stabilization would reduce the effect of volatility price and bring a best price for growers in 

the domestic market (Mohan, 2007; Malan, 2013). Nevertheless, the application of this risk 

management would encourage growers if the transaction and administrative costs are reduced, 

and the confidence generates for the agents (government and firms) has a good perception in 

the coffee grower sector.  

 

The Ecuadorian government encourages growers to use the crop insurance. A subsidy of the 

premium stimulates growers to use insurances (Bielza et al., 2007). However, growers’ 

perception of coverage level and low benefits of the insurance program would induce in a low 

participation (Yang et al., 2010; Antón et al., 2011). With the simulation results, the crop 

insurance showed a low benefit for Arabica coffee growers. The result showed a high standard 

deviation. Certainty Equivalent results suggest that a grower would have fewer incentives to 

use the crop insurance. This fact suggest that crop insurance would not be the best risk 

management for growers, and growers would have a low perception of the benefits of the crop 

insurance.  

 

The coffee activity in Ecuador is characterized for the presence of price volatility, driving 

growers to take an exit decision from the sector (Jácome and Garrido, 2017). The revenue 

insurance results showed that it is the best risk management tool for the coffee sector from an 

efficient public expenditure point of view. The results demonstrated a reduction of standard 

deviation and coefficient of variation. The revenue insurance mitigates the price and yield 

risks at the same time. With the implementation of this policy, coffee growers would reduce 

the uncertainty of revenues and benefits each year. This policy would help growers in periods 

of low prices. With the potential benefits of revenue insurance, the government would analyze 

this management risk tool and examine the growers’ preferences to acquire the insurance.  

 

For Robusta coffee, our simulation results highlighted that a Robusta coffee grower would 

have losses, yields and prices variations driving growers to have an expected negative benefit. 

This fact is important for two reasons: Jácome and Garrido (2017) show that the volatility 

effects drive Ecuadorian growers to take exit decisions. Second, the government support 
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would be inefficient in giving a subsidy to an unprofitable activity. The government and policy 

makers should pay more attention to this fact. Further research should investigate with more 

productive yields of Robusta farms if the expected benefit improves for this kind of growers, 

and the possible advantages of risk management tools. This would help policy makers and 

government on the decision to subsidize the Robusta coffee growers from an efficiently public 

expenditure approach. Our study only evaluated the use of risk management tools for an 

Arabica coffee grower. Even though the crop insurance is encouraged by the government, this 

tool showed weak results and low benefits for the growers. Growers are exposed to price risk 

constantly. Therefore, the Ecuadorian government should analyze the use of revenue insurance 

to mitigate the price risk for the sector. These possible actions would improve the benefits, 

making coffee activity more attractive for growers.  

 

4.5 Conclusion  
 

Risk management tools are targeted to growers, offering them a mechanism to stabilize 

revenues and benefits. These tools are developed to mitigate the production and price risk. In 

Ecuador, the government created Agroseguro program in 2010. Coffee was included in 2015; 

the grower’s decision of becoming a beneficiary of this program is voluntary. The objective 

of this program is to give growers a mechanism to insure the crop against production (yields) 

variations due to climate events and pests or diseases crops.  

 

Even though this public program gives growers a tool to reduce the revenue and benefit 

variability, they have already been exposed to volatility prices. Coffee is a commodity with 

high and low price periods; this fact brings an uncertain and volatile environment to the sector. 

Moreover, asymmetric price transmission from world to domestic prices exacerbates the 

uncertain environment to the sector. We propose and evaluate the revenue insurance as a risk 

management tool to mitigate price risks. This tool would help the growers when the sector 

must cope with markets instability and yields variability. Ecuadorian government would 

support growers in the mitigation of both risks (production and price). This paper also 

evaluates the use of risk management tools in the Ecuadorian coffee growers sector from an 

efficient public expenditure approach. We selected one province for each coffee variety and 

estimated the expected benefit with price and the yield Monte Carlo simulations. The results 

highlighted that a Robusta coffee grower has losses and an Arabica coffee grower has profits 
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in the scenario without risk management tools. Therefore, we only estimate the use of risk 

management tools for Arabica coffee grower.  

 

The results of the considered risk management tools reveal that an Arabica coffee grower 

would prefer the scenario with crop insurance and revenue insurance. However, if the results 

are approached by public expenditure, the best option is only the revenue insurance. The 

results are confirmed with different risk-aversion coefficients (low, neutral and high). The 

Ecuadorian government program (crop insurance) helps to mitigate the production risk, but 

the program would not be the best risk management tool for growers. For the price risk, the 

government would analyze the revenue insurance as a tool for growers to face the volatility 

and uncertain environment of the sector. The revenue insurance would reduce benefit 

variations and increase the probability to have benefits in the coffee activity. Available 

revenue insurance programs would help Arabica coffee growers maintain in the activity.  

 

Additionally, future research should focus on the evaluation of advantages of risk management 

tools for Robusta coffee growers. With the Robusta results, we observed that Robusta is an 

unprofitable activity (a high probability to have losses). This fact could be considered by the 

Ecuadorian government and policy makers in the design of the policy from an efficient public 

expenditure approach. 
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Chapter 5 

 

Main Conclusions 
 

Ecuadorian coffee production decreased since 2002. To correct this trend, the government 

launched a technical program (renewal coffee hectares) to support growers since the end of 

2011. Also, coffee was included in the Agroseguro project (crop insurance) in 2015. These 

actions have led to an increase of domestic coffee production. However, growers are exposed 

to an uncertain environment almost every year. These results from economic drivers such as 

volatility and asymmetric price transmission, which encourage growers to decide to exit the 

sector. This scenario motivated the present research to evaluate these drivers and the effects 

in the benefits and exit decision of Ecuadorian growers. Furthermore, the thesis proposes the 

use of risk management tool as a mechanism to improve the growers’ benefits as well as to 

reduce the benefit variability; the tools are supported by the government through the subsidy 

of the premium. The main results of this research are summarized in the first section of this 

chapter. Next, conclusions drawn from each part of the analysis are presented and a policy 

recommendation is suggested for the sector. Section 3 describes the limitations found in the 

research. Finally, the chapter concludes with the recommendation of future studies to continue 

this line of research. 

 

5.1 Specific conclusions  
 

The thesis goals were to obtain responses to the following questions:  

 

a) Considering the price movements in the world and domestic market, do Ecuadorian coffee 

growers behave in an environment of volatile prices? 
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The ARCH methodology is used to quantify the volatility levels of Robusta and Arabica coffee 

that growers faced for the period 2001 – 2012. The results showed the existence of volatility 

in the domestic market. For Robusta coffee, the research found a high volatility level in periods 

2001 – 2002 (some σ > 10%) and 2004 – 2005 (σ values between 6% - 16%).  The Robusta 

coffee saw its volatility level reducing since 2006. In the Arabica variety, the results showed 

similar behavior described for Robusta coffee (periods of high volatility in 2002 – 2003 (σ 

values between 6% and 9%) and 2004 – 2005 (some σ values superior to 10%); the Arabica 

market presented a period with a high volatility (2006 - 2012) if compared with the Robusta 

market. Therefore, the results helped to confirm that coffee growers faced the volatility of 

coffee prices each year.   

 

b) Different coffee price movements (positive/negative) in the world market could affect the 

domestic prices in different way. From a global to domestic market perspective, do the 

Ecuadorian growers work in an asymmetric price environment? 

 

The TVECM methodology helped to identify the presence of asymmetric price transmission 

in the coffee market for the period 2001 - 2012.  The results demonstrated the existence of 

asymmetric price transmission (from world to domestic market) for both coffee varieties 

(Arabica and Robusta). Robusta results showed ECT coefficients of – 0.8543 in the unusual 

regime and -0.6220 in the usual regime. In Arabica results, the study found ECT coefficients 

of -1.0628 for the usual regime and -0.8593 for the unusual regime. The asymmetry is 

confirmed by the results of the speed adjustment (ECT coefficients) in the two regimes 

towards the long-run equilibrium for each coffee variety. Also, the results showed that the 

adjustment in Arabica coffee is faster than Robusta coffee in the Ecuadorian market.   

 

c) The Ecuadorian coffee production has decreased since 2002, have coffee growers been 

inclined to exit the sector due to volatile and uncertain prices for the 2002-2012 period? 

 

The analysis is conducted with the Real Option Analysis (ROA). This methodology aimed to 

explain if the volatility of coffee prices encourages growers to take exit decisions away from 

the sector. The conclusions of the study revealed the negative effects of volatility for both 

coffee varieties (L prices between 0.55 – 2.03 USD/lb. for Robusta and 0.53 - 2.36 USD/lb. 

for Arabica during the 2002-2012 period). For Robusta coffee, there were strong incentives 
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for growers to take exit decision in all years of the period (2002 - 2012). In the Arabica sector, 

growers are encouraged to exit of the sector in almost every year (growers only decided to 

continue in the Arabica sector in 2011(L price (0.53USD/lb.) is less than the price received 

(0.82 USD/lb.)).        

 

d) Coffee growers could be encouraged to exit the sector because prices received are lower 

than production costs. Which coffee prices triggered the exit decision in the Ecuadorian 

market? 

 

Coffee requires a large amounts of labor (1,314 hours for the three first years) and wage (USD 

10 per day in 2012) experienced an increasing tendency in the Ecuadorian labor market. 

Therefore, the production cost increased in all years analyzed: the production cost was higher 

than the price received for growers in all years. This result is shown for both coffee varieties 

(Arabica and Robusta). For 2012, the L price for Arabica was 0.91 USD/lb. and for Robusta 

0.81 USD/lb. Thus, growers were encouraged to exit the sector because the L price exceeded 

prices received for the harvest. Moreover, the entry prices are high for the sector (9.05 USD/lb. 

for both varieties in 2012); therefore, this prices would not encourage to enter (new growers) 

or renew (actual) the hectares in the period (2002 - 2012). The results supported the conclusion 

that coffee production has been unprofitable activity in Ecuador, this fact is confirmed with 

the reduction of coffee production and hectares planted.  

 

Monte Carlo simulations of the main parameters provided relevant information from the 

growers’ sector; For the entry prices (H) for both coffee varieties, reducing the volatility of 

coffee prices would reduce the H prices for the sector; actions to reduce the cost production 

would be beneficial if and only if the coffee prices would be high. In the exit prices (L), the 

reduction of L prices would occur by a low capital cost and expected increasing price tendency 

in the market.   

 

e) To improve the growers’ benefits, the revenue insurance would be proposed as a risk 

management tool. Would revenue insurance offer a better and more efficient risk 

management result for growers? 

 

For Robusta variety, the Monte Carlo simulation results gave a negative benefit (-654.67 

USD/ha.) and a high probability to be lower than zero. On the other hand, for Arabica growers’ 
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results showed profits in the Monte Carlo simulation results (54.09 USD/ha.). The Certainty 

Equivalent aimed to determine which risk management tool gets the best private return for 

growers from an efficient public expenditure (subsidy of the premium) point of view. Revenue 

insurance was the best tool to increase the benefits for low, normal and high risk averse 

growers. The result showed that the government support (subsidy of the premium) in the 

revenue insurance produced the best result as an efficient policy for the grower sector. The 

other main result of this analysis is the crop insurance´s (currently in operation) lack of 

economic efficiency: a crop insurance does not improve the growers’ benefits (4.31 USD/ha.) 

sufficiently considering the payment realized (premium) by the grower. This result would be 

relevant in the evaluation and decision to continue this crop insurance policy.   

  

5.2 Policy conclusions    
 

This thesis focused on the checking the presence of volatility and asymmetric price 

transmission in the coffee sector in Ecuador, from a grower’s point of view. The results of this 

research confirmed the presence of both economic drivers for both coffee varieties (Arabica 

and Robusta). The Ecuadorian government attempts to mitigate the negative effects of both 

drivers with a support policy.  

 

In Ecuador, the government supports the replanting of coffee trees. The program to renew 

coffee trees could be inefficient because of its exclusive focus on technical support. In the 

same way, the crop insurance could not be successful in the long-run. The simulation results 

of the crop insurance would not improve growers’ benefits. Therefore, this program and 

insurance would not ensure better economic results in the coffee sector.   

 

Asymmetric price transmission is detected in the domestic coffee market in this research. The 

government’s and policy makers’ efforts and actions should focus on detecting which 

participant is generating the distortion. Actions will be necessary to mitigate its effect. In the 

literature reviewed in this research, the effects of price transmission are more detrimental in 

low price periods. This pressures growers to leave the sector because they do not have tools 

or supporting programs to reduce the effects of price asymmetry. 

 

A policy to mitigate the effects of volatile coffee prices is analyzed in this research. The 

revenue insurance is the risk management tool that could support coffee growers to improve 
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the revenues and benefits (only for Arabica coffee). First, it is important to confirm the results 

obtained for the Robusta variety (unprofitable crop) in this research. The government could 

analyze Robusta coffee farms and determine whether growers would benefit from supporting 

one or another form of insurance policies. This would aid the government and policy makers 

in the design of a policy to use public expenditure efficiently from an economic point of view. 

With the result of this research, the supporting programs (revenue insurance) have been 

focused on Arabica coffee variety (profitable crop).  

 

Another main policy conclusion concerns coffee farms’ production cost. It is relevant to 

determine which coffee farms are efficient. The research could help locate potential 

beneficiaries of a policy and supporting program to maintain them in the sector. The 

supporting programs (renewal coffee trees and crop insurance) do not currently consider the 

efficiency in the production cost of growers. Public expenditure may be currently used for 

unprofitable coffee growers. Government should consider designing a policy to help 

unprofitable growers shift toward more profitable crops, these growers would require a 

supporting (technical and economic) program to get benefits and economic activity in the long-

run.  

 

The Ecuadorian government could consider a revenue insurance as a tool to allow coffee 

growers to secure a profitable activity in the long-run. The policy would face the sector´s real 

problem (volatility of prices). The government could also consider developing other risk 

management tool (revenue insurance) for other agricultural commodities cultivated in 

Ecuador.   

 

5.3 Limitations of the research  

 
This research has the following limitations: 

 

 The lack of reliable detailed data (for each Ecuadorian province) for technical information 

(inputs, production and yield per coffee variety) and economic information (prices 

received by growers and production cost) of coffee activity, and the delay of time on the 

published date. 

 This research assumes that the grower owns the economic resources required for the 

coffee activity (this study does not consider financial costs) and that the grower uses all 
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input required for the activity. This assumption only includes farms that operate according 

to the official (MAGAP) study of coffee farm structure in Ecuador.   

 This research focuses on a monoculture coffee production system. If a grower cultivates 

other crops, coffee should not be considered as the main crop. The policy (revenue 

insurance only secures the main crop) recommended in this study would be different.  

 The research has used secondary data available from MAGAP, COFENAC, ICO, INEC, 

and BCE to estimate the results of each chapter of the thesis. 

 The ARCH methodology was used to estimate the level of volatility in the domestic 

market. The ARCH methodology assumes that volatility depends on past innovation 

(error terms) of the series, this model does not permit to separation of positive/negative 

perturbations of volatility.  

 The TVECM methodology showed asymmetry in the domestic sector. The methodology 

does not differentiate responses of domestic market to world market price variations 

(positive or negative).  

 Chapter 4 assumes that the coffee production cost is constant. As the study focuses on 

volatility (external factors) and not on costs (internal factors), this assumption allowed a 

more accessible analysis effects of price risk (volatility) on the growers’ revenues and 

benefits.   

 Chapter 4 assumes that growers’ risk attitude obeys to the theoretical assumption of the 

expected utility theory. Other behavioral assumption may be more valid and should be 

tested. 

 

5.4 Recommendation of future research 
 

Future research would be recommended in the following way: 

 

 A price transmission study should be performed for the entire value chain in coffee sector 

(exports and manufactured firms, intermediaries and growers). The identification of the 

participant generating market distortion is of the utmost interest. Policies and actions would 

make recommends correcting the distortion.  

 Production cost is relevant information to distinguish efficient farms from inefficient farms, 

the results aim to identify the farms that could continue in the long-run, with the support of 

programs that could be designed for efficient coffee farms.   
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 An important tendency drives growers to shift to the new agricultural production systems 

(organic and environmental), these systems could bring potential benefits (improvement of 

prices received for the crop) for coffee growers. It is necessary to analyze and determine 

whether organic and environmental coffee agricultural systems are profitable in low price 

periods and sustainable in the long-run. 

 Growers’ actions to mitigate the effect of volatility should be determined and quantified 

the results of these actions in the growers’ benefits. Using this information, a tailored policy 

and program could be designed to support growers.  

 Other policies and their combinations for the coffee sector could be analyzed in future 

research. 

 This line of research (volatility and asymmetric price transmission studies) would be 

performed for other agricultural products. 
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