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Abstract
Over the last decades, the world has faced an accelerated growing temperature, and some of the wine-producing
regions with highest quality have experienced growing season warming trends (Jones, White, Cooper, &
Storchmann, 2005). The higher temperatures have contributed to increase the wine quality in most regions
(Leeuwen & Darriet, 2016), but challenging others, as is the case of the Portuguese Douro region (Cunha & Richter,
2012, 2016; Jones & Alves, 2012). This region fits the typical terroir model, that denotes a strong relevance of local
areas for wine production of high quality (Sacchelli, Fabbrizzi, & Menghini, 2016), and is the largest and the most
heterogenous wine mountain region in the world.
Climate changes become the major challenge related to wine production, since viticulture depends clearly on
climatic conditions during the growing seasons (Leeuwen & Darriet, 2016). Climate is one of the components of
terroir, affecting the ability to produce quality grapes and thus wine (Jones & Alves, 2012), and it is considered a
major factor in wine production (Ashenfelter & Storchmann, 2016).
In a detailed literature review of the last five years (Sacchelli et al., 2016), three classes related to the impacts of
climate change on wine sector were proposed: a general subject “climate change”; “adaptation strategies”; and
adaptation strategies in viticulture related to climate change effects for specific nations. This shows that the
analysis of climate change effects on the wine sector is a recent and growing research area, with some
methodological variability, as expressed in Sacchelli et al. (2016).
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It is expected that any shift in climate and weather patterns may affect the competitiveness of wine industry
(Mozell & Thach, 2014). According to Ashenfelter and Storchmann (2016), the quality and quantity of wine are very
sensitive to the weather of the region of origin, being climatic variability affecting the prices and quantities
produced and thus the profit.
The variation of temperature is a central issue in viticulture (Gladstones, 2011), and it is the most influential factor
in the overall growth and productivity of wine grapes (Jones & Alves, 2012). Premium wine grape production occurs
within very narrow climate ranges (Mozell & Thach, 2014), being the high-quality wine production limited to
13-21ºC average growing season temperature (Jones & Alves, 2012).
A recognized determinant of the quality of wine is temperature variability among seasons and years (Ashenfelter &
Storchmann, 2016). Thus, besides wine production, climate change can significantly affect the wine quality (Fraga,
Malheiro, Moutinho-Pereira, & Santos, 2012), being also important to study these impacts (Ashenfelter &
Storchmann, 2016; Oczkowski, 2016). In this way, wine is an agricultural product of especially interest for
economic analyses in the background of climate changes (Ashenfelter & Storchmann, 2016).
There are several research articles that explore the link between wine production and climate data (e.g., Cunha,
Abreu, Pinto, & Castro, 2003; Cunha & Richter, 2012, 2016; Folwell, Santos, Spayd, Porter, & Wells, 1994; Leeuwen
& Darriet, 2016), however not all apply time series econometric models.
Nevertheless, there is a growing literature applying econometric methods, such as cointegration and structural
time series models, to climate data (e.g. Chevillon, 2014; Stern & Kaufmann, 1999; Tesso, Emana, & Ketema,
2012). Therefore, the climate change is now considered a developing field within econometrics.
As an example, with the methodology of cointegration between global temperatures and the radiative forcing of
human gas emissions, Chevillon (2014) found new evidence of Granger Causality. This helps to determining
whether one time series is useful in forecasting another, since the values of a series provide statistically significant
information about future values of the other. In the agricultural area, Ayinde, Muchie, and Olatunji (2011) used
descriptive and cointegration analysis to determine the effect of climate change on agricultural productivity in
Nigeria. The study shows that climate change has a significant effect on productivity, being the rainfall the most
important climatic determinant.
Cunha and Richter (2012) used the Short Time Fourier Transform to decompose the link between wine production
and temperature, and found that spring temperature causes a large amount of the cycles in the wine production.
The work of Sarker, Alam, and Gow (2012) explores the relationship between rice yield and climate variables, in
order find the effects of a climatic change using regression models and time series data. They found that
temperatures are more influential than other variables.
Jones, White, Cooper, and Storchmann (2005) employed non-linear squared time series models to analyze the
effect of temperature on wine ratings from 1950-1999. The results show that some winegrowing regions will gain
with increasing temperatures that contribute to produce better wine quality, while other regions will be losers. In
fact, in some regions, the warming may exceed the optimum temperature threshold having implications in the
ability to produce grape varieties, such that the production of the current wine styles will be more difficult (Jones et
al., 2005). So, region by region, climate change would shift wine production, with effects in grape selection (Mozell
& Thach, 2014).
Santos, Gratsch, Karremann, Jones and Pinto (2013) have modelled a long-time series of wine production data
through a multivariate linear regression analysis. With the study, they found that high production is obtained by a
combination of climatic variables such as high rainfall and cool temperatures in February-March and warm
temperatures in May.
It is expected that the Mediterranean viticulture and winemaking may be significantly challenged by climate
change (Jones, 2006). In a global overview of the impacts of climate change on wine production in the Douro
region, Jones and Alves (2012) highlight the necessity of assess the impacts of climate change in the future, to
define adaptation strategies to preserve the wine quality. In an extensive review of literature, Mozell and Thach
(2014) has demonstrated that global warming has direct implications for both wineries and vineyard management.
Since the evidence suggests that global warming will affect wine production, it is important to investigate the
impacts of climate change, in order to help viticulture managers and producers to preserve their wines´ quality
and profitability (Bernetti, Menghini, Marinelli, Sacchelli, & Alampi, 2012).
In our study, time series data are analyzed using descriptive statistics and times series models. In this way, this
paper contributes to the emerging literature in the field of the climate change within econometrics, through
adequately model the climate impacts on regional wine production using the tools available in advanced time
series field.
In the main analysis, it is essential to know the integration order of the variables, which makes unit root testing a
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natural way to start. So, the first stage is to determine whether the series have the econometric requirements of
integration, measuring the degree of the variables´ integration. A series that appear to be “stationary”, implies
that the linear properties exist and are time invariant (Granger, 1986). However, some time series data are non-
stationary, and the use of these data can lead to spurious or nonsense results (Granger & Newbold, 1974). Given
that, it is important to analyze the time series properties, using the unit root tests to determine the stationarity or
nonstationarity of the variables.
The Augmented Dickey Fuller (ADF) (Dickey & Fuller, 1979) test allows for detecting the presence of a unit root.
The null hypothesis is the existence of a unit root, being the series non-stationary. So, in this case the data needs
to be differenced to make it stationary. This test can be supplemented by other tests, such as the Pillips-Perron
test (Phillips & Perron, 1988) and/or Kwiatkowski–Phillips–Schmidt–Shin (KPSS) (Kwiatkowski, Phillips, Schmidt, &
Shin, 1992), where the null hypothesis in KPPS test is the opposite case.
However, there is some evidence in the literature (Estrada, Gay, & Sánchez, 2010) that standard unit root tests
can lead to incorrectly classify the series as having stochastic trends. In this case, it is important to assess whether
the results from standard unit root tests are affected by the presence of structural changes. The Kim-Perron unit
root test allows for an unknown one-time structural break in the trend function (Kim & Perron, 2009), and thus it
can be used in the presence of breaks in the series. After that, the non-stationary variables will be transformed
into stationary series.
After finding the level of integration of the variables, it is possible to perform a cointegration test, where we can
test for the existence of a long run relationship among the variables. The variables have to be integrated of the
same order, generally of order one, I(1), that is, non-stationary at level but stationary at first difference. The
econometric cointegration analysis is used to test whether there exists a combination of non-stationary variables
that is stationary, and helps to overcome some inferential difficulties that results from stochastic trends when that
is the only source of non-stationarity (Hendry & Juselius, 2001). There is some criticism of using this econometric
approach in climate research (Pretis, 2015). Nevertheless, it has been applied to climate data (Juselius, 2011), and
some authors point that the results are equivalent to that from models of global mean climate (e.g. Pretis, 2015).
There are some methodologies to test for cointegration, such as the Engle-Granger methodology and the
Johansen´s (1990) methodology. The last one technique is widely used, since it performs better in a multivariate
case. If two series are then co-integrated, their short-run dynamics can be expressed as Error Correction Model
(ECM) that shows the share of disequilibrium error in the previous period and corrected in the current period (Engle
& Granger, 1987). However, if the series are not integrated at the same order, or are I(0), generally we assume
that the system follows a VAR. So, the current practice has been the use of an ECM when the series are integrated
and cointegrated and of VAR in differences when they are integrated and not cointegrated, as is the case.
Thus, this study can be employed by the Vector Autoregression modeling to identify the causal relationships
between climate variables and wine production to estimate the possible effects of climate change.
However, it is also possible to explore a non linear model, testing for the presence of nonlinearity. A regime
switching model allows the behavior of a series to depend on the state of the system. For example, when there is a
change, or break, in average temperature, the dynamic adjustment of the wine production is likely to change.
Threshold Models can be used for that purpose.
In the context of this study, a natural way to summarize the response of wine production to the temperature shock
variables is through the impulse response functions or forecast error variance decompositions. Impulse response
functions help to define the relationships between the variables in the model (Lütkepohl, 2005). These functions
measure how one variable reacts to a shock in another variable over time period t to t+h, where h is the forecast
horizon.


