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Abstract 

In this article, we develop a model to understand the likely future of global coffee production in 

the face of climate change. This is in contrast to many studies that, while valuable, focus on a 

specific growing regions, altitudes, or techniques. To get a holistic perspective, we first examine 

the entire global coffee supply covering a period of over 20 years from 1992-2015.   The novelty 

of this paper is the way we construct instrumental variables that are then used in the estimation 

procedure. Generally, it is difficult or practically impossible to find instrumental variables that 

are uncorrelated with the regressors. Our modelling approach allows us to construct such series 

that are guaranteed to be uncorrelated with any regressors we will use. This is possible because 

we were able to extrapolate structural shocks such as supply, demand and speculative shocks in 

the coffee market, and then use those shocks as instrumental variables.  We find that there is a 

positive effect of increase in prices paid to farmers and the supply of coffee. In addition, by 

including structural coffee market shocks as instrumental variables in the fixed effects model, we 

find that climatic variables tend to underestimate the effects of supply shocks on the quantity of 

coffee grown. By using this model, we believe that we can deliver a more accurate understating 

of price elasticity and the potential impacts of climate change on global production of coffee. 

 

Key words: Climate change, global coffee production, price elasticity, structural shocks 
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1. Introduction 

Coffee is an important agricultural crop and is behind only crude oil as the most valuable 

commodity exported by developing countries. We were unable to find any studies that concluded 

that climate change would have no negative impact on coffee production. Given this agreement, 

the questions guiding the current research are simply 1) how severe the impact will be, 2) how 

the impacts will be distributed, and 3) what are the options for mitigating the effects.   

There are many important studies that address these questions. However, these studies are 

(intentionally) narrow in scope. That is, they tend to focus on coffee production in particular 

regions, at particular altitudes, with particular beans, or with particular growing techniques. In 

this case, the goal is to make predictions that will help guide policy for specific subsets of 

farmers.  

In terms of the three questions presented above, the studies generally fall into two broad 

categories. There are those that directly address question two – “how will the impacts be 

distributed?” These studies make predictions about a particular region or altitude. This is a 

question about the distribution of impacts, and most studies find that impacts will vary widely; 

while climate change is clearly a net negative for coffee production, there are certain regions and 

altitudes that will benefit from more favorable growing climates. The other category of studies 

focuses more on question three – on what coffee producers and local governments can do to 

mitigate the effects of climate change. 

While these studies are of course vital, they leave the first question about how severe the impact 

will be only partially answered. By limiting the scope of a study to a particular region, altitude, 

bean type, or growing technique, it is inevitable that any conclusions about the severity of 
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climate change will also be limited. While these studies will be useful for producers and local 

governments, it is probable that national or international interventions will be necessary. For 

such interventions to minimize harm to the global commodity coffee market, it is vital that 

policy-makers understand the global picture of climate change and coffee production. 

In order to get a robust answer to question one about the overall severity of climate change on 

global coffee production, we have to go beyond studies with a narrow focus. One way to do this 

would be to aggregate all of the studies of particular regions. This is possible in principle, 

although a limitation on this method is that not all regions and altitudes have been studied, and 

probably not even a majority. Therefore, any meta-study would still be limited.  

In this paper we attempt to develop a model to show that a global study is possible. The 

methodology necessary to achieve this goal will be quite different than the methodologies of 

studies with a particular focus.
1
 The novelty of this paper is the way we construct instrumental 

variables that are then used in the estimation procedure. Generally, it is difficult or practically 

impossible to find instrumental variables that are uncorrelated with the regressors. Our modelling 

approach allows us to construct such series that are guaranteed to be uncorrelated with any 

regressors we will use. This is possible because we were able to extrapolate structural shocks 

such as supply, demand and speculative shocks in the coffee market, and then use those shocks 

as instrumental variables. To this end, this article examines the entire global coffee supply 

covering a period of over 20 years from 1992-2015. We find that there is a positive effect of 

increase in prices paid to farmers and the supply of coffee. In addition, by including structural 

                                                           
1
 For example, a study focusing on shade-growth in Mexico (Lin, 2007) measured the daily water loss or gain in soil 

samples. Another study focusing on indigenous Coffea Arabica (Davis et. al., 2012) used a MaxEnt algorithm. In 

both cases, it is not clear how to conclusions could be used to say anything if a methodology remains tied to a 

particular region or growing technique. 
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coffee market shocks as instrumental variables in the fixed effects model, we find that climatic 

variables tend to underestimate the effects of supply shocks on the quantity of coffee grown. By 

using this model, we believe that we can deliver a more accurate understating of price elasticity 

and the potential impacts of climate change on global production of coffee. 

The paper is organized as follows. Section two presents a review of relevant literature, section 

three discusses data sources, section four describes the calculation of structural shocks, and 

section five presents estimation results.  Section six provides a discussion of solutions and 

concludes. 

2.  Literature Review 

Coffee is one of the main agricultural crops and the second most valuable commodity exported 

by developing countries, behind only crude oil.  In 2015, coffee export revenues reached $19 

billion (International Coffee Organization). Climate change will continue to have an effect on 

every sector of the economy, certainly including the coffee industry. There is evidence that 

climate change (mainly in the form of rising temperatures and changes in rainfall patterns) is 

projected to reduce global total coffee growing area by as much as 50% by 2050 (Bunn et al., 

2015). This severe reduction will have a negative net impact on 25 million coffee farmers, 

mostly smallholders and 125 million livelihoods in more than 70 countries that depend on coffee.  

More alarmingly, a study by the Royal Botanic Gardens, Kew (2012) indicates that wild coffee 

plants (Coffea), the important genetic resources of coffee, could become extinct by 2080 due to 

climatic fluctuations. These global predictions are important, although estimates of negative 

effects are conditional. That is, they only predict what would happen if no adaptation strategies 

are implemented.  
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In addition, there is research on many possible adaptation strategies. The most obvious such 

strategy is simply to change altitude, especially since many growing regions are already on 

mountains. Bunn et al. (2015) note that particularly in Latin America, “higher altitudes [will] 

become more suitable than at present” (p. 95). For example, in Nicaragua, the most suitable 

growing climate is between 800 and 1,400 meters above sea level, while it is predicted to be 

1,200 and 1,600 meters by 2050 (Läderach et al., 2010b). There are notes of caution with this 

method, however. First of all, coffee is a perennial crop, and perennial crops are less easy to 

move (Läderach et al., 2010a). Second, Schroth et al. (2009) argue that simply changing altitude 

may not be realistic in a legal sense; some studies “still underestimate the true impact of climate 

change of coffee suitability because they presume that coffee farming can actually move further 

up the mountains. In practice this will not legally be possible…” (p. 10). This is because high 

altitude areas are often protected forest reserves whose interests may legally override the 

interests of coffee farmers (Campbell et al., 2014; and Läderach et al., 2010a).  

There are also market-based adaptation proposals. Arabica comprises about 70-80% of world 

supply, and in general, the quality of Arabica is superior to Robusta, which is more suitable for 

instant coffee market. One way to stabilize prices and therefore to limit the negative economic 

impacts for certain producers is to differentiate their coffee from commodity coffee by either 

quality or cultivation process. Producers who remain in the commodity market are competing on 

price, which is dangerous because it makes them especially vulnerable to market volatility. This 

alone justifies competing on something other than price. The superior quality of Arabica presents 

an opportunity to cater to new markets as Lewin et al. (2004) notes that “[e]merging markets in 

Asia, Eastern Europe, and the former Soviet Union, which are not traditional coffee consumers, 

are posting rapid growth in consumption…” (p. 95). However, the same study notes that this is 
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not a perfect solution because “differentiating a product or service…is not an easy task. It can 

require understanding and managing a set of more complex issues including current market 

trends, appropriate…technology, multiple distribution channels, and the sometimes complex 

logistical, financial and risk management options of supply chains” (p. 95). Nevertheless, it is a 

solution that some producers will need to try. 

A separate area of research focuses on how the impacts of climate change will be distributed 

(Gay et al., 2006; Lin, 2007; Mehta et al. 2008; and Schroth, et al., 2009).  Jaramillo et al. (2011) 

suggests that “the suitable area for coffee production will shrink in most of Kenya, Uganda, 

Rwanda and Burundi, whereas it will probably expand in Tanzania and Ethiopia” (p. 5). 

Focusing on Mesoamerica, Läderach et al. (2010a) use models that predict temperature increases 

exceeding 2.25°C in Honduras, Mexico, and Nicaragua by 2050, while Costa Rica, El Salvador, 

and Guatemala may be spared as dramatic an increase. The complex nature of this can be further 

seen in Bunn et al. (2015), who compare the gains and losses at different altitudes of the same 

country, between areas of the same continent, and even between continents themselves: 

“Brazilian production regions lose suitability with possible positive changes at its southern 

margin. In the rest of Latin America, higher altitudes become more suitable than at present. In 

East Africa there are positive changes in suitability in the Ethiopian, Ugandan and Kenyan 

highlands" (p. 95).  

Studies also get varying results when considering different types of beans. Studies focusing on 

Coffea Arabica estimate that climate change will reduce the global area suitable for coffee by 

about 50% (Bunn et al., 2015), and yields of it by 5% or more by 2080 (Davis et. al., 2012).  

Analyses of the other type of coffee, Coffea Canephora, commonly known as Robusta, are less 

pessimistic, but still note that caution is necessary. This is because Robusta is more resistant to 
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steadily increasing temperatures but “could suffer from increasing variability of intra-seasonal 

temperatures” (Bunn et al., 2015, p. 89). In general, Arabica grows best between 18 and 23°C, 

while Robusta thrives between 22 and 26°C (Camargo 2010; and Tucker et al., 2010).  

A final note on the use of adaptation strategies in the face of climate change is the marked 

differences in how seriously these methods are taken and advocated for by national and local 

government agencies. As this literature review has indicated, much of the research done on these 

and other adaptation strategies has taken place in Central and South America, while other vital 

coffee growing regions, such as those in Southeast Asia and East Africa, have done less with 

adaptation strategies. 

3.  Data 

In this paper, we utilize data from three different sources: (i) International Coffee Organization; 

(ii) The World Bank’s World Development Indicators; and The World Bank’s Climate Change 

Knowledge Portal.  The panel data covers 56 countries over the period 1992-2015 is reported in 

Appendix A with the main indicators for total production, prices, temperatures and rainfall.  The 

International Coffee Organization (ICO) was established in 1963 as the main intergovernmental 

organization for coffee exporting and importing countries.  Today, ICO Member Governments 

include 44 exporting countries and 7 importing countries and regions (including all countries in 

the EU), representing 98% of world coffee production and 83% of world consumption (ICO, 

2017). ICO collects comprehensive historical statistical data on coffee such as exports, imports, 

market prices, prices to growers, production, stocks and inventories (ICO, 2017). The World 

Development Indicators compile data from officially recognized international sources including 

national, regional and global indicators (World Bank, 2017).  The World Bank’s Climate Change 
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Knowledge Portal provides access to comprehensive global, regional, and country data related to 

climate change (World Bank, 2017). 

The following variables are taken from the ICO: total production by all exporting countries (in 

thousand 60kg bags), prices paid to growers in exporting countries, and exportable production by 

all exporting countries (in thousand 60kg bags).
2
  Agricultural nitrous oxide emissions (as % of 

total) and agricultural land (as % of land area) are taken from the World Development 

Indicators.
3
 The average annual temperature (in Celsius) and the average rainfall (in 

millimeters/year) are taken from the Climate Change Knowledge Portal.
4
 Table 1 provides 

descriptive statistics of the variables.   

The average annual total production of coffee is 2,156 thousand 60kg bags.  Brazil has the 

highest production of 39,753 thousand 60kg bags, and Benin has the lowest production of 0.8 

thousand 60kg bags. The prices of coffee paid to growers range between $0.17/lb to $2.61/lb 

($0.69/lb on average) depending on the type of coffee beans (Arabica vs. Robusta) and its 

quality.  For example, the highest quality of Arabica coffee bean paid to growers is the Jamaican 

Blue Mountain Coffee at $2.61/lb.  The average annual exportable production of coffee is 1,589 

thousand 60kg bags.  Brazil is the world largest exporter of coffee at 24,768 thousand 60kg bags. 

                                                           
2
 Total production estimates are provided by the Members for current crop year (and revised on a quarterly basis). 

After the end of the crop year, estimates are replaced by derived production. In the absence of estimates provided by 

members, alternative sources are used (USDA, F.O. Licht, LMC International, etc.); Prices paid to growers are the 

average price paid to the grower at farmgate level or the minimum price guaranteed by the Government to the 

grower by form and weight reported in the national currency in which the coffee is purchased and converted into US 

cents/lb); Exportable production is calculated as the difference between total production minus domestic 

consumption (ICO).  
3
 Agricultural nitrous oxide emissions are emissions produced through fertilizer use (synthetic and animal manure), 

animal waste management, agricultural waste burning; Agricultural land is the share of land area that is arable, 

under permanent crops, and under permanent pastures. Arable land includes land defined by the FAO as land (World 

Development Indicators). 
4
 This gridded historical dataset is derived from observational data, and provides quality controlled temperature and 

rainfall values from thousands of weather stations worldwide, as well as derivative products including monthly 

climatologies and long term historical climatologies (Climate Change Knowledge Portal).  
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The average annual temperature (in Celsius) is 24.33°C.  The country with the highest recorded 

temperature in the sample is Benin (27.87°C), while the lowest is Nepal (12.87°C).  The average 

rainfall (in millimeters/year) is 135.32 ml.  Paraguay has the highest recorded rainfall (255.54 

ml), and Vietnam has the lowest (14.28 ml). The average annual agricultural nitrous oxide 

emissions (% of total) are 69.27%.  There are 38 countries out of 56 countries in the sample have 

the average level of emissions above the mean, representing 68%. The average agricultural land 

(% of land area) is 39.60%. Twenty-seven countries in the sample have the average agricultural 

land above the mean, representing 45%. 

Table 1: Descriptive Statistics, 1992-2015 

 Production Prices Temperature Rainfall Emissions Exports Land 

        

Mean 2156.22 69.24 24.33 135.32 69.27 1589.80 39.60 

Median 370.21 59.25 24.91 128.48 74.12 160.34 39.29 

Standard Deviation 5819.06 40.22 2.47 54.03 17.61 3977.43 19.17 

Minimum 0.08 17.69 12.87 14.28 23.40 0.08 2.32 

Maximum 39753.18 261.39 27.87 255.54 89.01 24768.51 77.03 

No. of countries 56 45 56 56 56 56 56 

Notes: Production: Total production by all exporting countries (in thousand 60kg bags); Prices: Prices paid to 

growers in exporting countries (in U.S. cents/lb); Temperature: Annual average temperature (in Celsius); Rainfall: 

Average rainfall (in millimeters/year); Emissions: Agricultural nitrous oxide emissions (% of total); Exports: 

Exportable production by all exporting countries (in thousand 60kg bags); Land: Agricultural land (% of land area). 

Note that in the sample listed in Appendix A there are only forty-five countries with data 

available for prices paid to growers. The top five producers are Brazil, Vietnam, Colombia, 

Indonesia, and Ethiopia. Twenty-five countries in the sample produce Arabica, seventeen 

countries produce Robusta.  Nine countries produce both Robusta and Arabica (mainly Robusta), 

and five countries both Arabica and Robusta (mainly Arabica). The following figures provide 

simple scatter plots depicting the relationship between coffee production in exporting countries 
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and the variables of interest in this study.  All variables are measured in natural logarithms.
5
  

Figure 1 reveals a positive relationship between prices and total production, consisting with the 

law of supply.  The relationship between temperature and coffee production is negative, 

consistent with previous findings in the literature (Gay et al., 2006; Schroth et al., 2009; Zullo et 

al., 2011; and Davis et al., 2012) as shown in Figure 2. 

Figure 1: Prices Paid to Growers and Total Coffee Production 

 

 

 

 

 

 

 

                                                           
5
 This is a useful method of transforming a highly skewed variable into one that is more approximately normal 

(Benoit, 2011). 
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Figure 2: Temperature and Total Coffee Production 

 

4.  The Coffee Market Shocks 

The novelty of this paper is the construction of the coffee market shocks, which can be used as 

instrumental variables (IV).  If one looks at a price of any global commodity such as oil, coffee, 

soybean, etc., the price of that commodity is impacted by the unexpected changes in the supply 

and demand. These sudden, unexpected changes are known as “shocks” because they cannot be 

predicted. It is possible that there are other factors that drive commodity prices. Take for 

example oil, a well-researched global commodity (Kilian, 2009). We apply similar logic to the 

coffee market and modify Kilian’s approach in several ways. First, we estimate a TVP model, 

which captures changes in the relationships between variables over time. Second, instead of 

using Cholesky decomposition in order to recover structural parameters, we use a different set of 

exclusion restrictions which leads to unique solution. Since coffee is also a global commodity 
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whose prices fluctuate as supply and demand conditions change, it is reasonable to suppose that 

traders’ speculative positions impact its price movement.  

Following the steps described in Appendix B, we are able to construct the structural coffee 

market shocks. These shocks are orthogonal to each, and this allows us to isolate the effects of 

each shock on the endogenous variables. We can use these shocks as instrumental variables. For 

example, supply shocks will be correlated with production, but by design are uncorrelated with 

anything else. It is common to use weather as a measure of supply shocks since weather changes 

themselves are unpredictable. However, the supply of coffee can be affected by factors other 

than weather and our measure of supply shock captures the effect of other, otherwise unobserved 

factors that impact global coffee production. For example, the coffee price collapse in the early 

2000s, which can be seen on the bottom plot in Figure B.1, was triggered by several factors. 

Figure B.2 plots the structural coffee market shocks. Figure B.2 shows that there was an 

unexpected increase in demand, which in theory should have led to a price increase. But at the 

same time, the market was affected by positive supply shocks, which put a downward pressure 

on prices. Furthermore, the market experienced a negative speculative demand shock in the same 

period, meaning traders reduced their speculative positions in coffee, which also put a downward 

pressure on prices. Together the combination of these shocks explains the coffee price behavior 

in the early 21st century. 

5. Empirical Analysis 

5.1 Model Specification 

In the early 1990s coffee prices began to fall severely and reached their lows during the global 

coffee crisis in 2001-2003.  In 1990, the average real price of coffee (ICO, base year = 2010) was 
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$1.19/lb; the price dropped to $0.59/lb in 2001, before rising to above $1.00/lb in 2006.  By 

2015, a pound of coffee has rebounded to $1.15/lb.  But when prices fell, farmers had to absorb 

the losses, and could only hope for government supports. Farmers who are already producing at 

tight margins cannot be expected to survive such severe fluctuation, thus the cause of market 

volatility is of central importance to global coffee production. 

We believe there are several factors relevant to these price fluctuations, in this section we 

provide a multiple regression model that examines the determinants of global coffee production 

using panel data described in Section 3. The first objective is to construct a global production 

function to determine the price elasticity of supply controlling for exports and agricultural land.  

The second objective is to determine how temperature and rainfall, affect the global production 

of coffee controlling for agricultural nitrous oxide emissions. 

Transforming variables into logarithms in a regression model is commonly employed to manage 

situations where a non-linear relationship exists between the independent and dependent 

variables (Benoit, 2011).  In a log-log model, we can interpret the results as an expected change, 

expressed in percent, in the dependent variable when the independent variable increases by a 

certain percent. The log-log model is commonly referred to as a constant elasticity model.    

We provide the following equation in logarithms: 

          ln(𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡) = 𝛼1 + 𝛼2𝑙𝑛(𝑃𝑟𝑖𝑐𝑒𝑠𝑖𝑡) + 𝛼3𝑙𝑛(𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑖𝑡) + 𝛼4𝑙𝑛(𝐿𝑎𝑛𝑑𝑖𝑡) + 𝜀𝑖𝑡,   (1) 

where i=1,…,45 represents country  and t=1992,…, 2015. Production measures total production 

by all exporting countries (in thousand 60kg bags); Prices measures prices paid to growers in 

exporting countries (in U.S. cents/lb); Exports measures exportable production by all exporting 
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countries (in thousand 60kg bags); and Land measures agricultural land (% of land area).  Using 

Equation (1) above, we can estimate the price elasticity of supply for coffee.  

According to Estrada et al. (2006, p. 265), “production level does not seem to respond, or it 

responds very slowly, to changes in prices.”  Thus, the price of the coffee supply is rather 

inelastic, meaning that the changes in production in response to prices are minimal. We predict 

that prices have a positive impact on the production of coffee and it is inelastic.  In Equation (1) 

we control for exportable production as a proxy for coffee demand in the importing countries.  

We posit that farmers’ decision on coffee production level is influenced by their exportable 

capabilities, which are based on consumer demand in importing countries.  For example, 17% of 

export earnings in Nicaragua are from coffee, 33% in Ethiopia and 59% in Burundi (Ramirez-

Villegas et al., 2012). In our sample of 56 countries, exportable production as percent of total 

coffee production is 64%.  Thus, we assume that coffee production is driven by exports.
6
  We 

expect exports to have a positive impact on the production of coffee.   

We also control for agricultural land in exporting countries as a proxy for growing capability of 

coffee in Equation (1).  Current climate change may threaten agricultural productivity in many 

regions of the world.  In our sample, agricultural land (% of land area) has increased slightly 

from 38% to 41% over the period of twenty-three years.  Thirty-five countries have experienced 

an increase in agricultural land (although many of them experienced only a slightly increase) and 

eight countries have remained virtually unchanged, but thirteen countries have experienced a 

decline.  For example, Benin has significantly increased agricultural land by 63%, while Ethiopia 

                                                           
6
 We also control for domestic consumption by all exporting countries.  In our sample, domestic consumption as 

percent of total production is 45%.  Note that domestic consumption and exports together is greater than 100%.  This 

is because in some countries including Angola (2009), Cuba (2004-2015), Dominican Republic (2005), Gabon 

(2011-2013), Nigeria (2009), The Philippines (1998-2015), Thailand (2011-2015), and Venezuela (2008-2015), 

domestic consumption is much higher than total production. As a result, in those years they are net importers of 

coffee. 
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has considerably decreased agricultural land by 28%.  Potentially, coffee growers could manage 

decreases in agricultural land by migrating to higher latitudes (Zullo et al., 2011) or altitudes 

(Schroth et al., 2009).  Bunn et al. (2015) study the impact of climate change on global 

production of Arabica and Robusta coffee and reveal that the world’s dominant production 

regions in Brazil and Vietnam may experience considerable reduction in coffee growing area, 

while some regions in East Africa and Asia (partially in forested areas) may become more 

suitable for growing coffee.  Läderach et al. (2009) argue that the migration could threaten the 

ecosystems.  Using agricultural land as a proxy for area available for growing coffee, we 

hypothesize that an increase in agricultural land may lead to an increase in coffee production. 

The second model specification is expressed as follows: 

ln(𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝑖𝑡) = 𝛽1 + 𝛽2 ln(𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒𝑖𝑡) + 𝛽3𝑙𝑛(𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙𝑖𝑡) + 𝛽4 ln(𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖𝑡) +

𝜇𝑖𝑡,                      (2) 

where i=1,…, 56 represents country  and t=1992,…, 2015. Temperature measures the annual 

average temperature (in Celsius); Rainfall measures the average rainfall (in millimeters/year); 

and Emissions measures agricultural nitrous oxide emissions (% of total).   

Previous studies including Gay et al. (2006), Schroth et al. (2009), Zullo et al. (2011), and Davis 

et al. (2012) have shown that climate change precedes a reduction in productivity of Arabica 

coffee since the correlation between yield and temperature is negative. For the top two producers 

of coffee in the world, Brazil and Vietnam, Bunn et al. (2015) predict that rising temperatures in 

these highly productive regions may become unsuitable for growing coffee in the foreseeable 

future. Other studies have shown that rising temperatures could reduce Mexican coffee 

production by 2020s (Schroth et al., 2009), and the majority of coffee growing region will be 
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disappeared by 2050 (Läderach et al., 2010), and Arabica yields in Tanzania are projected to 

experience substantially losses by 2060 (Craparo et al., 2015).  Thus, we hypothesize that rising 

temperatures would reduce the global production of coffee. 

We control for rainfall because it is an important climatic variable affecting agricultural 

production.  According to the International Water Management Institute (IWMI, 2010), rainfed 

agriculture accounts for more than 95% of agricultural land in sub-Saharan Africa, 90% in Latin 

America, 75% in the Near East and North Africa, 65% in East Asia and 60% in South Asia.  

Climate variability may threaten future production of coffee in these regions due to competition 

for water. Lin (2007)’s study of coffee region of southern Mexico reports that rains in this region 

begin later at the end of the dry season and in lower quantities, thus reducing coffee production.  

Schroth et al. (2009) reveal that rainfall has declined by up to 15% in Mexico, Guatemala and 

Honduras since the 1980s.  In this paper, we hypothesize that an increase in the level of rainfall 

would lead to higher production of coffee. 

Climate change also has a significant impact on land use in tropical regions. Not surprisingly, 

increases in emissions of nitrogen oxides coincided with clearing tropical forests for agricultural 

production.  According to Skiba and Rees (2014), nitrous oxide is a potent greenhouse gas with a 

warming potential 298 times that of carbon dioxide, and nitrogen fertilizers and manures applied 

to agricultural soils are the main anthropogenic source.  Erickson and Keller (1997) claim that 

nitrogen fertilizers have increased globally over the last several decades, particularly in China 

and in developing countries, which have recently surpassed that in developed countries.  The 

coffee agroecosystems in developing countries such as Costa Rica have changed from traditional 

shade-grown systems to management systems in which nitrogen fertilizers are used at high rates 

as compared with non-management systems (Babbar and Zak, 1995).  Ghini et al. (2015) reveal 
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that additional carbon dioxide (CO2) fertilization increases coffee yields.  Noponen et al. (2012) 

use data from coffee agroforestry experiments in Costa Rica and Nicaragua and reveal that the 

main contributor of greenhouse gases emissions is the inputs of organic and inorganic nitrogen 

fertilizers.  In the coffee growing region of Sumatra, Indonesia, Verchot et al. (2006) suggest that 

changes in land use and intensification of agriculture in nitrogen limited highlands may 

significantly increase nitrogen oxide emissions. Thus, we control for agricultural nitrous oxide 

emissions, which predict to have a positive impact on the production of coffee. 

5.2. Regression Results 

The results of fixed effect estimates are presented in Table 2.  The Hausman test confirms that 

the fixed effects model is appropriate (Chi-sq.-value <0.05) and panel least squares (PLS) 

estimator is consistent and efficient. Fixed effects model is appropriate for this study because it 

estimates average within-country changes in total coffee production as the prices and climatic 

variables change overtime.  Furthermore, the result produces less biased estimates than OLS 

regression because it controls for all unobserved, time-invariant factors such as geographical 

location of coffee producing countries.
7
 

The results from Table 2 provide a strong support for the testable implications in this study. The 

coefficient on Prices paid to growers in exporting countries is positive and highly statistically 

significant, suggesting that prices indeed are the incentive for farmers to increase coffee 

production.  Since we are using log-log model, we can interpret the price elasticity of supply.  

The result in Equation (1) confirms that the price is quite inelastic (estimated coefficient is 

0.060).  Controlling for exports and agricultural land, a 10% increase in prices paid to growers 

                                                           
7
 We also analyze a period fixed effects model for comparison. The results are available from the authors upon 

request.   
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increases total production of coffee by 0.60% (e
0.060*log(1.1)

=1.0060)
8
.  In other words, if the 

average price in our sample increases by 10% from $0.6924/lb to $0.7616/lb production would 

increase from 2,156 to 2,169 thousand 60kg bags, which is equivalent to a slightly increase in 

production of 1.72 million pounds, confirming the inelasticity of supply.   

Equation (2) in Table 2 presents a fixed effects model with instrumental variables.  As mentioned 

in previous section, the novelty of this paper is the construction of the global coffee market 

shocks to obtain IV estimates of the effect of prices and climatic variables on the production of 

coffee. The result indicates that the IV estimates of the same equation reported above (using 

supply shock, crop production index, and one year lagged of the independent variables as 

instruments), the coefficient on prices rises relatively. That is, the estimates on prices and total 

coffee production using fixed effects model without instrumental variables understate the effect 

of price elasticity. The new estimates suggest that a 10% increase in prices paid to growers 

increases production by 1.07% (e
0.112*log(1.1)

= 1.0107).  Thus, if the price increases by 10% total 

production would increase from 2,156 to 2,179 thousand 60kg bags, or an increase of 3.04 

million pounds of coffee on average. 

We use the results in Equation (4) with instrumental variable to analyze the impacts of climate 

change on global coffee production. The coefficient on Temperature is negative and highly 

statistically significant, suggesting that rising temperatures adversely affect total coffee 

production. The estimates imply that a 1% rise in temperature reduces the production of coffee 

by 8.75% (e
-9.2*log(1.01)

=0.9125).  Thus, if the average temperature rises from 24.33°C to 24.57 °C 

production would reduce from 2,156  to 1,967 thousand 60kg bags in our sample. This is 

                                                           
8
 We also control for domestic consumption by all exporting countries and the coefficient is positive but less 

significant, confirming that total production is mainly driven by exports. The results are available from the author 

upon request. 
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equivalent to a decrease of more than 11 million pounds of coffee, on average.   The coefficient 

on Rainfall is positive and it is statistically significant at the 5% level, indicating that increase in 

rainfall is important to rainfed agriculture such as coffee. A 1% rise in the level of rainfall 

increases production by 1.9% (e
1.893*log(1.01)

=1.0190).  This would imply that if the level of 

rainfall rises from 135.32 ml/year to 136.67 ml/year, total production would increase to 2,197 

thousand 60kg bags, on average. In other words, global production increases by 2.4 million 

pounds.   

In summary, we present the potential impacts of climate change on the total production of coffee 

in the top 5 producing countries as well as the bottom 5 in Table 3.   If the average annual 

temperature in Brazil rises by 1% from 25.50 °C to 25.76 °C, total production would decrease by 

3,478 thousand 60kgs bags.  This is equivalent to 208.7 million kilograms of coffee (or 460.2 

million pounds). At $0.785/lbs, coffee growers in Brazil would lose $361.2 million per year.  

Similarly, Vietnamese coffee farmers would lose $96.4 million and Colombia would lose $136.9 

million per year.  The bottom 5 producers would not lose much; for example, the Republic of 

Congo and Gabon would lose $8,253 and $11,230, respectively. 

On the other hand, if the average annual rainfall rises by 1% in Brazil from 90.76 milliliters to 

91.67 milliliters, total production would increase by 775 thousand 60kg bags. Brazilian coffee 

growers would gain $78.4 million in revenue per year. Similarly, Vietnamese and Colombian 

coffee growers would gain $21 million and $29.7 million, respectively.  Coffee growers in the 

bottom 5 producers would not gain much since their production is relatively small in volume. 
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Table 2: Regression Results for Total Coffee Production 

Country Fixed Effect Model 

 

 (1) 

Fixed Effects 

(2) 

Fixed Effects 

IV 

(3) 

Fixed Effects 
 

(4) 

Fixed Effects 

IV 

Prices paid to growers in 

exporting countries 

0.060*** 

(0.019) 

0.112*** 

(0.025) 

  

Exportable production by all 

exporting countries 

0.478*** 

(0.014) 

0.681*** 

(0.051) 

  

Agricultural land 0.534*** 

(0.149) 

0.349** 

(0.170) 

  

Temperature 

 

  -2.759*** 

(0.995) 

-9.200*** 

(3.396) 

Rainfall 

 

  -0.037 

(0.126) 

1.893** 

(0.927) 

Agricultural nitrous oxide 

emissions  

  0.174*** 

(0.050) 

0.361*** 

(0.126) 

Constant 1.480*** 

(0.538) 

0.684 

(0.620) 

13.292*** 

(3.234) 

23.018*** 

(9.297) 

Sample 1992-2015 1993-2014 1992-2008 1993-2008 

Period included (years) 24 22 17 16 

Cross-section included 

(countries) 

45 44 56 56 

Total panel (unbalanced) 

observations 

714 637 889 837 

Adjusted R
2 

0.98 0.98 0.95 0.95 

F-statistic 1104.83 423.49 425.84 433.25 
Notes: The dependent variable is Total production by all exporting countries; Variables are in natural logarithms; 

Standard errors are in parentheses; *** significant at 1% level; ** significant at 5% level; Instrumental variables are: 

Supply Shock, Crop Production Index, and 1 year lagged of the independent variables. We also utilize the demand 

shock as instrumental variable, the results are very similar. Thus, we are not reporting those results in this paper. 
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Table 3: Potential Impacts of Climate Change on Coffee Production in Some Exporting 

Countries 

 Actual 

total 

production 

(in 

thousand 

60kg bags) 

Estimated 

total 

production 

with a 1% rise 

in 

temperature 

Difference 

in 

Production 

(in 

thousand 

60kg bags) 

Estimated 

total 

production 

with a 1% 

rise in 

rainfall 

Difference 

in 

Production 

(in 

thousand 

60kg bags) 

Top 5      

Brazil 39,753.18 36,274.78 -3,478.40 40,508.49 755.31 

Vietnam 14,674.62 13,390.59 -1,284.03 14,953.44 278.82 

Colombia 11,293.26 10,305.10 -988.16 11,507.83 214.57 

Indonesia 8,255.98 7,533.58 -722.40 8,412.84 156.86 

Ethiopia 4,722.16 4,308.97 -413.19 4,811.88 89.72 

Bottom 5      

Congo, Rep. of 4.03 3.68 -0.35 4.11 0.08 

Gabon 1.57 1.43 -0.14 1.60 0.03 

Nepal 1.51 1.38 -0.13 1.54 0.03 

Equatorial Guinea 0.45 0.41 -0.04 0.46 0.01 

Benin 0.08 0.07 -0.01 0.08 0.00 

 

6.  Discussion and Conclusions 

A few years ago, a study was conducted to understand the social identity of coffee farmers in 

Chipas, Mexico (Frank et al., 2011). Part of this study included interviewing individual farmers 

about their sense of the threat that climate change is to their farms. Naturally, their answers were 

mostly anecdotal and focused on different phenomena. Some were concerned about increased 

coffee pests, some about erratic weather events, some about extreme temperatures, while others 

did believe that climate change was much of a threat at all (Frank et al., 2011).  

To mitigate the impact, a solution proposed by Jaramillo et al. (2011) is “the introduction of 

shade trees, which alter the microclimate and create a diversified and therefore more resilient 

coffee agroecosystem that will perform better under climate change” (p. 9). Läderach et al. 

(2010a) note that shade trees could also create carbon sinks, wildlife habits, and protect against 
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soil erosion and landslides. An empirical study conducted by Lin (2007) supports these 

recommendations; that study concludes that “[m]aintaining shade trees in the coffee system is an 

easy and suitable risk aversion measure for such farmers that may suffer from increased climatic 

stress and food insecurity” (p. 93). However, it is not 'the more the merrier' with shading, as too 

much shading can reduce yields significantly. Soto-Pinto et al. (2000) conducted a thorough 

study in Mexico, where shade trees are common. They found that shade cover above 50% may 

significantly limit yields; 30-45% shade cover allowed for the highest yields.  

Shade trees have another kind of value, according to a multi-country study of various methods of 

coffee production. 'Polyculture' farms, particularly those that include trees, have a smaller carbon 

footprint (Rikxoort et al., 2014). It is worth noting that as much as coffee production will be 

affected by climate change, climate change will also be increased by coffee production, even 

when its impact compared with the transportation industry, for example, is small. This may not 

have a direct impact on an individual farmer's income, but it does give small farmers a chance to 

be part of the solution to climate change.  

A variation of shade trees is "intercropping," explored by Campbell et al. (2014). The 

introduction of shade trees explored by Jarimillo et al. and Läderach et al. is strictly for the sake 

of the coffee production's benefit, which is the only possibility when only one crop is produced 

on a given plot of land (sometimes called "monocropping"). But Campbell et al. examine a study 

of East African coffee production in which bananas and coffee are produced in the same plots of 

land. Since bananas are tree crops, their shade and carbon consumption benefit coffee production 

both in a micro and macro sense. It also appears that they have a tendency to reduce leaf rust on 

coffee leaves (Campbell et al., 2014). Furthermore, of course, there is a benefit that a second 

crop is being produced simultaneously. An Oxfam study notes that while there are certainly 
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long-term environmental benefits to shade crops, there must also be short-term financial benefits 

to encourage small farms to adopt them (Jassogne et al., 2013). This is particularly true for 

regions such as those in East Africa, where 90% of coffee is produced on farms less than 2.5 

hectares (Jassogne et al. 2013). The principle is that the smaller the farm, the more sensitive it is 

to short-term income fluctuations.  

In the intercropping technique studied by Campbell et al. (2014), the banana trees were 

introduced for the sake of the coffee beans, and any profit from the banana trees themselves was 

a bonus. However, a more common way to minimize risk from the producer’s perspective is to 

diversify production. A survey of small-farm coffee producers in 2003 showed that 28% of 

Mexican producers had experimented with a new crop, while 34% of producers in Honduras did 

so (Eakin et al., 2006). In both cases, farmers from both countries were more reluctant to use 

techniques to produce specialty coffee as reported 17% and 22%, respectively (Eakin et al., 

2006). Such decision-making shows that some farmers are less optimistic that they can survive 

coffee shocks by diversifying their coffee production techniques. However, this way of thinking 

is not universal, as the same survey found the opposite to be true for Honduran farmers, as 39% 

experimented with organic growing techniques, while only 11% diversified with other crops. The 

fact that different countries had starkly different numbers perhaps indicates that future adaptation 

strategies may partly depend on what sort of programs the government encourages and supports. 

But this article takes a large-picture look at the issue. We believe we were successful in this 

because of the way we were able to construct instrumental variables. There are well-known 

difficulties with finding instrumental variables that are uncorrelated with the regressors. Our 

modelling approach allows us to construct such series that are guaranteed to be uncorrelated with 

any regressors we will use, which worked because we were able to extrapolate structural shocks 
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and then use those shocks as instrumental variables. By proceeding in this way, we found a 

positive effect of increase in prices paid to farmers and the supply of coffee; our model also 

allowed us to give accurate estimates of actual price elasticity. We hope that these insights about 

global coffee production will guide international and national policy-makers as they craft 

interventions and make contingency plans to keep the coffee industry strong for generations to 

come. 
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Appendix A: List of Countries and Main Indicators 

No Country Country 

Code 

Total 

production 

by all 

exporting 

countries
a 

Prices paid 

to growers 

in 

exporting 

countries
b 

Average 

annual 

rainfall (in 

millimeters) 

Average 

annual 

temperature 

(in Celsius) 

1 Brazil (A/R) BRA 39,753.18 78.49 90.76 25.50 

2 Vietnam (R/A) VNM  14,674.62 56.76 14.28 24.57 

3 Colombia (A) COL  11,293.26 104.68 130.25 24.58 

4 Indonesia (R/A) IDN  8,255.98 64.69 56.22 26.16 

5 Ethiopia (A) ETH  4,722.16 74.55 141.16 22.98 

6 India (R/A) IND  4,505.27 83.45 183.57 24.55 

7 Mexico (A) MEX  4,375.86 96.46 94.73 21.22 

8 Guatemala (A/R) GTM  3,967.48 97.69 199.22 24.04 

9 Honduras (A) HND  3,299.68 86.47 84.96 24.02 

10 Uganda (R/A) UGA  3,118.35 52.48 166.02 23.62 

11 Peru (A) PER  2,921.68 n.a. 96.39 19.68 

12 Côte d'Ivoire (R) CIV  2,712.48 35.32 112.97 26.64 

13 Costa Rica (A) CRI  2,025.24 90.27 250.31 25.08 

14 El Salvador (A) SLV  1,647.61 77.03 152.07 24.44 

15 Nicaragua (A) NIC  1,404.26 55.93 105.78 25.25 

16 Venezuela (A) VEN  1,201.16 n.a. 156.15 25.81 

17 Ecuador (A/R) ECU  1,071.73 81.31 67.20 21.50 

18 Papua New Guinea (A/R) PNG 1,031.44 58.86 213.04 25.04 

19 Kenya (A) KEN  962.33 97.74 201.79 25.08 

20 Thailand (R/A) THA  953.16 47.45 127.96 26.66 

21 Tanzania (A/R) TZA  796.95 39.80 129.00 23.03 

22 Cameroon (R/A) CMR 749.86 47.15 113.18 24.95 

23 Madagascar (R) MDG 580.24 56.81 62.39 23.67 

24 Congo, Dem Rep. of (R/A) ZAR  550.41 39.87 225.04 24.51 

25 Dominican Republic (A) DOM  512.49 103.05 183.15 24.36 

26 Philippines (R/A) PHL  496.69 71.47 100.94 25.89 

27 Haiti (A) HTI  392.27 24.36 240.36 24.93 

28 Lao, Ppl's Dem Rep. of (R) LAO 391.62 n.a. 143.22 23.87 

29 Burundi (A) BDI  348.80 51.69 148.28 20.93 

30 Rwanda (A) RWA  300.05 41.94 203.18 20.05 

31 Guinea (R) GIN  289.51 51.20 162.36 26.17 

32 Cuba (A) CUB  199.89 144.70 122.83 25.73 

33 Togo (R) TGO  160.96 44.32 80.85 27.34 

34 Panama (A) PAN  157.97 87.55 131.64 25.51 

35 Yemen (A) YEM  148.98 n.a. 122.80 23.91 
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No Country Country 

Code 

Total 

production 

by all 

exporting 

countries
a
 

Prices paid 

to growers 

in 

exporting 

countries
b
 

Average 

annual 

rainfall (in 

millimeters) 

Average 

annual 

temperature 

(in Celsius) 

36 Bolivia (A) BOL  134.29 122.66 87.61 20.92 

37 Central African Rep. (R) CAF  107.37 37.40 112.93 25.25 

38 Zimbabwe (A) ZWE  71.18 n.a. 53.18 21.90 

39 Sierra Leone (R) SLE  49.98 25.35 147.38 26.37 

40 Timor-Leste (A) TLS  47.95 n.a. 133.47 25.38 

41 Zambia (A) ZMB  47.78 88.89 79.56 22.29 

42 Nigeria (R) NGA 46.83 42.38 210.67 27.23 

43 Malawi (A) MWI  44.67 76.58 83.72 22.40 

44 Angola (R/A) AGO  44.27 30.94 81.69 21.87 

45 Ghana (R) GHA  42.15 n.a. 214.58 27.62 

46 Sri Lanka (R) LKA 37.62 57.21 96.52 27.21 

47 Jamaica (A) JAM  31.66 261.39 153.76 25.48 

48 Paraguay (A) PRY  30.64 59.25 255.54 23.63 

49 Trinidad & Tobago (R) TTO 14.65 66.62 104.06 26.62 

50 Liberia (R) LBR  8.40 n.a. 118.60 25.63 

51 Guyana (R) GUY  7.69 n.a. 121.55 25.98 

52 Congo, Rep. of (R) COG  4.03 17.69 133.41 24.76 

53 Gabon (R) GAB  1.57 61.79 182.00 25.23 

54 Nepal (A) NPL  1.51 n.a. 197.18 12.87 

55 Equatorial Guinea (R) GNQ  0.45 n.a. 95.26 24.89 

56 Benin (R) BEN  0.08 24.01 101.07 27.87 

Notes: 
a 
measured in thousand 60kg bags; 

b
 measured in U.S. cents/lb. A: Arabica; R: Robusta. The dataset for this 

study is available upon request. 

Appendix B: Constructing Coffee Market Structural Shocks 

B1. Data 

This appendix explains how we construct the global coffee market shocks. We use the reasoning 

by Kilian (2009) to decompose the real price of coffee into a combination of structural supply, 

demand and speculative demand shocks.
9 

It is plausible to assume that coffee price can change 

because of supply disruptions (supply shock), economic boom in the coffee importing countries 

(demand shock) and the impact of speculative positions entered by coffee traders. 

We have the data from the ICO on global coffee production, global demand for coffee, which is 

measured by exportable production in exporting countries, and the inflation-adjusted price of 

                                                           
9
 Kilian claims that oil prices are influenced by several types of shocks. The idea by Kilian can be adopted for the 

coffee market as well since coffee is a global commodity.. 
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coffee (ICO composite indicator price).
10 

The data is of annual frequency and spans the period of 

1990 until 2015. Figure B1 plots the original series. Both supply and demand series are found to 

be non-stationary based on the augmented Dickey-Fuller (ADF) tests. As a result, both series are 

log-differenced in order to obtain a second order weak stationarity. The series is stationary when 

the null hypothesis is random walk with drift, yet the same series is non-stationary when the null 

is random walk. For the analysis we assume the series to be stationary and we use the natural 

logarithms of the original series. 

 

Figure B.1: Demand, Supply, and Real Price of Coffee 

 

B2. The Model 

In order to generate the coffee market shocks we decompose inflation-adjusted price of coffee 

into a linear combination of structural shocks: supply shock, demand shock and speculative 

demand (price) shock. Let 𝑝𝑟𝑑𝑡, 𝑑𝑒𝑚𝑡 and 𝑟𝑝𝑐𝑡be the growth rate of global coffee production, 

the growth rate of global demand for coffee measured by the total exports by coffee producing 

countries, and the growth rate of inflation adjusted coffee prices, respectively. 

In order to account for the fact that the relationship between endogenous variables may have 

changed over time, we estimate a time varying parameter VAR model that is mapped into a state 

space form. There are some historical events that anecdotally confirm our beliefs. For example, 

in the early 2000s there was a collapse of the coffee market, and it would be unsounded to 

assume the relationship between supply, demand and prices remained constant during this crisis. 

Adopting the notation from Kim and Nelson (1999) the observation equation is given by: 

                                                           
10

 Price calculated based on the market share of exports of each group of coffee weighted in accordance with 

information contained in Annex I of document ICC-105-17 Add. 2 (revised every two years). We deflated the 

nominal coffee prices using the U.S. CPI with 2010 base year. 
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 [
𝑝𝑟𝑑𝑡

𝑑𝑒𝑚𝑡

𝑟𝑝𝑐𝑡

] = [

𝛽10,𝑡

𝛽20,𝑡

𝛽30,𝑡

] + [

𝛽11,𝑡 𝛽12,𝑡 𝛽13,𝑡

𝛽21,𝑡 𝛽22,𝑡 𝛽23,𝑡

𝛽31,𝑡 𝛽32,𝑡 𝛽33,𝑡

] [
𝑝𝑟𝑑𝑡−1

𝑑𝑒𝑚𝑡−1

𝑟𝑝𝑐𝑡−1

] + [

𝑒𝑡
𝑝𝑟𝑑

𝑒𝑡
𝑑𝑒𝑚

𝑒𝑡
𝑟𝑝𝑐

]                           (B.1) 

Re-writing equation (1) in a matrix form: 

 𝑌𝑡 = 𝐻𝑡𝛽𝑡 + 𝑒𝑡,      𝑒𝑡 ∼ 𝑁(0,  𝑅),                                                    (B.2) 

where 
 𝛽 = [𝛽10,𝑡, 𝛽11,𝑡, 𝛽12,𝑡, 𝛽13,𝑡, 𝛽20,𝑡, 𝛽21,𝑡, 𝛽22,𝑡, 𝛽23,𝑡, 𝛽30,𝑡, 𝛽31,𝑡, 𝛽32,𝑡, 𝛽33,𝑡, ]′

.
  

In order to account for the fact that the reduced form VAR residuals are contemporaneously 

correlated, the covariance matrix R is assumed to have non-zero diagonal elements. We model 

the transition equation such that the unobserved state vector 𝛽𝑡 follows a random walk process: 

 

[
 
 
 
 
 
 
 
 
 
 
 
 
 
𝛽10,𝑡

𝛽20,𝑡

𝛽30,𝑡

𝛽11,𝑡

𝛽21,𝑡

𝛽31,𝑡

𝛽12,𝑡

𝛽22,𝑡

𝛽32,𝑡

𝛽13,𝑡

𝛽23,𝑡

𝛽33,𝑡]
 
 
 
 
 
 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
 
 
 
1 0 0 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0
0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0
0 0 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 1]

 
 
 
 
 
 
 
 
 
 
 

[
 
 
 
 
 
 
 
 
 
 
 
 
 
𝛽10,𝑡−1

𝛽11,𝑡−1

𝛽12,𝑡−1

𝛽13,𝑡−1

𝛽20,𝑡−1

𝛽21,𝑡−1

𝛽22,𝑡−1

𝛽22,𝑡−1

𝛽30,𝑡−1

𝛽31,𝑡−1

𝛽32,𝑡−1

𝛽33,𝑡−1]
 
 
 
 
 
 
 
 
 
 
 
 
 

+

[
 
 
 
 
 
 
 
 
 
 
 
𝑣10,𝑡

𝑣11,𝑡

𝑣12,𝑡

𝑣13,𝑡

𝑣20,𝑡

𝑣21,𝑡

𝑣22,𝑡

𝑣23,𝑡

𝑣30,𝑡

𝑣31,𝑡

𝑣32,𝑡

𝑣33,𝑡]
 
 
 
 
 
 
 
 
 
 
 

           (B.3) 

 

Equation (3), also known as a transition equation, can be re-written in a matrix form: 

 𝛽𝑡 = 𝐹𝛽𝑡−1 + 𝜐𝑡,     𝜐𝑡 ∼ 𝑁(0,  𝑄),                                                   (B.4) 

where 𝑑𝑖𝑎𝑔(𝑄) = 𝜎𝑖𝑗
2  for i=1,2,3 and j=0,1,2,3. 

The estimates of the unobserved state variables depend on 18 hyper-parameters in this model (6 

elements in the covariance matrix in the observation equation and 12 variances in the transition 

equation). We estimate the hyper-parameters maximizing the constrained maximum likelihood 

function 

 𝑙𝑛𝐿 = −
1

2
∑ 𝑙𝑛𝑇

𝑡=1 (2𝜋𝑓𝑡|𝑡−1) −
1

2
∑ 𝜂𝑡|𝑡−1

′𝑇
𝑡=1 𝑓𝑡|𝑡−1

−1 𝜂𝑡|𝑡−1 ,                           (B.5) 
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where 𝜂𝑡|𝑡−1 is the prediction error and 𝑓𝑡|𝑡−1  is the conditional variance of the prediction error. 

Following Kim and Nelson (1999) we use the unconditional mean and covariance matrix of 𝛽𝑡 as 

the initial values for the state vector 𝛽𝑡|𝑡  and its covariance 𝑃𝑡|𝑡  because all data series used in 

this analysis are stationary. Ideally, one would not want to log-difference nonstationary data 

series, as we have done, because the stationarity is not a necessary condition to estimating TVP 

models which are very flexible as opposed to classical regression based models. Such flexibility 

would come at the expense of degrees of freedom, because we would have to use part of the data 

sample to calibrate the model. Due to data scarcity, we do not have enough observations to do 

this, and we chose to use the stationary variables. 

From the maximum likelihood estimation we obtain the reduced form covariance matrices R and 

Q, and from the Kalman filter procedure we save the one steps ahead prediction errors 𝜂𝑡|𝑡−1, 

which are the estimated reduced from residuals 𝑒𝑡 in Equation (1).  

B3. Structural Identification and Results 

To compute structural shocks we use the following identification scheme that shows the 

relationship between structural and reduced form errors: 

                                                                     𝜀𝑡 = 𝐴−1𝑒𝑡 ,                                                                  (B.6) 

[

𝜀𝑡
𝑝𝑟𝑑

𝜀𝑡
𝑑𝑒𝑚

𝜀𝑡
𝑟𝑝𝑐

] = [
𝑎11 0 0
0 𝑎22 𝑎23

𝑎31 0 𝑎33

] [

𝑒𝑡
𝑝𝑟𝑑

𝑒𝑡
𝑑𝑒𝑚

𝑒𝑡
𝑟𝑝𝑐

],                                                 (B.7) 

where 𝜀𝑡 and 𝑒𝑡 is the time t vector of structural and reduced form residuals, respectively. Matrix 

A is a contemporaneous effect matrix and can be obtained by decomposing the reduced form 

covariance matrix: 

𝛴𝑒 = 𝐸(𝑒𝑡𝑒𝑡
′) = 𝐸(𝐴𝜀𝑡(𝐴𝜀𝑡)

′) = 𝐸(𝐴𝜀𝑡𝜀𝑡
′𝐴′) = 𝐴𝐴′.                               (B.8) 

In order to uniquely decompose the reduced form covariance matrix, we make the following 

assumptions: (i) demand and speculative price shocks have no contemporaneous effect on 

production, (ii) supply shock has no contemporaneous effect on demand, and (iii) demand shock 

has no contemporaneous effect on prices. Without these assumptions, sometimes called 

exclusion restrictions, it is impossible to decompose the reduced form covariance matrix in order 

to recover the contemporaneous structural parameters of matrix A. Unlike standard VAR models 

that decompose the reduce form covariance matrix for the entire series, the TVP model allows us 

to do this decomposition at every point in time. 

Assumption (i) merely states that only supply shocks such as weather can affect global coffee 

production contemporaneously. For instance, there is a sudden increase in demand for coffee in 

2015, since it takes about one year to plant additional crops and up to five year to harvest the 

cherries, increased demand will be accommodated next year. Assumption (ii) implies that supply 

of coffee has no contemporaneous effect on the demand for coffee. Just because coffee supply 
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increases does not mean that demand will increase. The last assumption implies that as demand 

increases prices will react after at least one year because the current year’s crop is already sold. 

Figure B2 plots the evolution of structural shocks over time and showing evidence that the real 

price of coffee reacts to multiple shocks at any point in time during the period between 1992-

2015 taken into account 2-year lagged. For example, the coffee price collapse in the early 2000s 

was triggered by several factors. We had an unexpected increase in demand, which in theory 

would lead to price increase. At the same time, the market was affected by positive supply 

shocks; for example, Vietnam became one of the world dominant producers, which put further 

downward pressure on prices. Also, the market experienced a negative speculative demand shock 

in the same time period, meaning coffee traders reduced their speculative positions in coffee, 

which also put a downward pressure on prices. Together the combination of these shocks 

explains the coffee price behavior in the early 21st century. 

Figure B.2: Coffee Market Structural Shocks 
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