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ABSTRACT
Objective: To establish a time series model correlating vanilla production with temperature variation to 
forecast vanilla production in Mexico.
Design/methodology/approach: Data on vanilla production in Mexico (Tons) and the annual average 
temperature were obtained for the period 1985-2020. An ARIMA model was constructed; Granger causality 
test was conducted to determine the effect of temperature on vanilla production, in addition to evaluating the 
orthogonal response of the model. A forecast for vanilla production was made for the period 2020-2040.
Results: ARIMA (1,1,1) model was found, and the influence of temperature on vanilla production was 
determined. Both thermal variation and the production of the last three years determine current production. 
A reduction in the quantity of tons of vanilla produced in the coming years is expected. It is considered that this 
cultivation is highly sensitive to sudden increases or decreases in temperature.
Limitations on study/implications: Vanilla cultivation is sensitive to temperature variation; therefore, in 
the face of climate change, it is considered necessary to take a series of actions in the present. These actions 
encompass a genetic perspective, new cultivation methods and locations, as well as technological investment.
Findings/conclusions: Vanilla production is influenced by temperature variation and is sensitive to sudden 
increases or declines. If actions are not taken in the present, a reduction in the national production of vanilla 
in Mexico is expected due to climate change.
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INTRODUCTION
 The threat of climate change has caused concern in recent years, as essential climatic 
factors for crop growth such as precipitation and temperature will be severely affected, 
and thus they will impact agricultural production (Armenta-Montero et al., 2022; Hatfield 
and Prueger, 2015). Although the effects of climate change on crop production may vary 
from one region to another, it is expected that the predicted changes will have far-reaching 
impacts, especially in countries with tropical zones (Heino et al., 2019). In the face of this 
possible future scenario, the consequences can be profound for subsistence farmers located 
in fragile environments, where significant changes in productivity are expected (Raza et al., 
2019).
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 One of the crops that will be affected by climate change is vanilla (Barreda-Castillo et 
al., 2023a). Vanilla (Vanilla planifolia Andrews) is an orchid of economic interest because its 
fruits are highly valued in the food and aromatic industry (Hernández-Hernández, 2018a), 
in addition to medicinal properties (Teoh, 2019). Despite its economic importance, this 
species is classified as “subject to special protection” (SEMARNAT, 2010), and it is also 
protected worldwide by the Convention on International Trade in Endangered Species of 
Wild Flora and Fauna, and the International Union for Conservation of Nature Red List 
(Armenta-Montero et al., 2022; IUCN, 2022). Due to the plants have been propagated 
asexually, genetic erosion has occurred, and the cultivation has become vulnerable to 
several scenarios, including climate change (Hernández-Hernández, 2018b).
 The cultivation of vanilla in Mexico has experienced fluctuations throughout its history. 
In recent times, there was a maximum production of 637 tons in 2007, and a minimum 
production of 10 tons in 1979 (Figure 1). However, México used to be the world’s leading 
vanilla producer in the period between 1870 and 1910, which is also called “the era of 
mass production of vanilla”, where Mexico exported large tons of this fruit to the world 
(Kouri, 2000; Lubinsky et al., 2018), to become nowadays a minor producer, surpassed by 
other countries such as Madagascar and Indonesia, for example (Grisoni and Nany, 2021). 
There is a relationship between the increase in temperature during flowering season and a 
subsequent loss of fruit-forming capacity, causing significant economic losses (Hernández-
Hernández and Lubinsky, 2011). Furthermore, it should be considered that the traditional 
way of cultivating it in areas where temperatures have risen will not be able to meet the 
future needs of this crop (Armenta-Montero et al., 2022; Barreda-Castillo et al., 2023a).
 Regarding the uncertainty of climate change, prospective studies become necessary, as 
it has been done in crops such as beans (Medina-García et al., 2016), as well as in banana 
(Hamjah, 2014), corn (Verma et al., 2012), cotton (Debnath et al., 2013), sugarcane (Suresh 
and Priya, 2011), wheat (Iqbal et al., 2005), among others. An alternative is the use of the 

Figure 1. Historical vanilla production in Mexico, during the period 1960-2020. Figure constructed from data 
reported by UNdata (2023).
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ARIMA model (Auto Regressive Integrated Moving Average), which is useful in time series 
exhibiting seasonality (Fattah et al., 2018; Wang et al., 2020), as is the case with vanilla, as 
the majority of the production is obtained only in certain months of the year (Hernández-
Hernández, 2018a). Even though there is a first approach to predicting the behavior of 
vanilla production in Mexico (Luis-Rojas et al., 2020), that model did not consider external 
factors such as thermal oscillation, which can cause stochastic events in this fragile crop. 
Therefore, the objective of this study was to establish a time series model relating the 
national vanilla export and the variation in Mexico’s annual average temperature to 
forecast future production values, in order to propose actions in the present.

MATERIALS AND METHODS
 Data on the average annual temperature (°C) of Mexico was obtained for the period 
between 1985 and 2020 from information provided by the National Water Commission, 
available through CONAGUA (2023). To ascertain the historical vanilla production in 
Mexico, export records (tons) published by the Food and Agriculture Organization of 
the United Nations were consulted, avaliable from UNdata (2023). Official records were 
considered from the year 1985 to 2020.
 To determine if the vanilla production data correspond to a stationary series, Dickey-
Fuller Test (p0.05) was carried out. Possible values of MA (q) and AR (p) were determined 
using the autocorrelation function (ACF) and partial ACF, respectively. To determine the 
effect that temperature will have on the future production of vanilla in Mexico in the 
period 2020-2040, a multivariate time series analysis using an autoregressive integrated 
moving average (ARIMA) model was employed (Tsay, 2014). 
 Ljung-Box test was performed (p0.05) to corroborate that the residuals were white 
noise (Hassani and Yeganegi, 2020). Additionally, a Granger causality test (Granger, 1969) 
was conducted to verify the effect of temperature on vanilla production. The orthogonal 
response of the model was evaluated, in search of sensitivity to stochastic events.
 The statistical analysis was performed using R 3.6 software (R core team, 2017), with 
astsa (Stoffer and Poison, 2023), forecast (Hyndman and Khandakar, 2008), seasonal (Sax 
and Eddelbuettel, 2018), TSA (Chan and Ripley, 2022), tseries (Trappletti and Hornik, 
2023), urca (Pfaff, 2008), and vars (Pfaff, 2008) packages.

RESULTS AND DISCUSSION
 It was determined that vanilla production data in Mexico correspond to a stationary 
series, with a lag order of 3 (Dickey-fuller3.8238, p0.05). Thus, vanilla production 
is dependent on temperature variations and agricultural management over the three 
previous years. This could be related to the three years of waiting that producers make 
before obtaining flowering, and therefore it may determine future vanilla production 
(Iftikhar et al., 2023).
 Partial ACF analysis exhibited possible AR (p) values of 0 and 1 (Figure 2), whereas ACF 
analysis exhibited possible MA (q) values of between 1 and 12 (Figure 2). In order to select 
the best model that described the behavior of the data, the auto.arima function was used 
(Hyndman and Khandakar, 2008), obtaining the model ARIMA (1,1,1) (28884, log 
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likelihood350.7, AIC709.4, BIC717.71). It was confirmed that the model residuals 
were white noise (D. F.20, 225.777, p0.17).
 The model we found was similar to the one reported by Luis-Rojas et al. (2020), 
however, they did not consider external factors such as temperature, as we did. In contrast, 
we found the influence of temperature on vanilla production through Granger causality 
test (D.F.32, F13.245, p0.01). It was confirmed that the model only operated in one 
direction, this means, no influence of vanilla production on temperature fluctuations was 
found (D.F.32, F13.245, p0.74). 
 The equation defining the model is expressed in the following formula:

X X X X Xt t t t t= + + +

+
− − − −101 91331 0 03847 30 99266 0 016841 1 2 1 1 2 2 2. . . .

558 45541 0 017137 3665 3091 3 2 3 1. . .X X at t t− −− − +
 

Where Xt refers to the predicted value of vanilla produced, 1tn to the value dependent on 
the quantity of vanilla tons, the coefficient 2tn to temperature variations, and a1t to the 
model error (D.F.26, F5.832, p0.05). The proposed model was compared against the 
predicted values for 2020-2022 with respect to the values reported by Gobierno de México 
(2023). In 2020, a difference of 11.72 tons was observed, in 2021 of 2.41 tons, and in 2022 
of 4.74 tons (Figure 3).
 Based on the aforementioned equation, the production value of vanilla tons in Mexico 
was estimated, along with its minimum and maximum values. Contrary to the model 
proposed by Luis-Rojas et al. (2020), our model allowed us to predict vanilla production for 
the period 2020-2040. The predicted values are expressed in Table 1.

Figure 2. Partial autocorrelation function (ACF) and ACF estimated for ARIMA (1,1,1) model.
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Figure 3. Comparison of the values reported by the ARIMA model (1,1,1) respect to the last three values of 
vanilla production (tons) in Mexico. Black: tons of vanilla exported in México, according to UNdata (2023) and 
Gobierno de México (2023). Blue: predicted vanilla tons.

Table 1. Expected vanilla production in Mexico (tons) for the period 2020-2040. 
(CI95%).

Year Forecast Lower Upper
2020 577.2763 389.79600 764.7566

2021 548.4151 360.93484 735.8954

2022 536.7486 320.40706 753.0901

2023 533.3949 300.91853 765.8713

2024 532.4309 287.05021 777.8115

2025 532.1537 275.08378 789.2237

2026 532.0741 263.97834 800.1698

2027 532.0512 253.40812 810.6942

2028 532.0446 243.25095 820.8382

2029 532.0427 233.44661 830.6388

2030 532.0422 223.95626 840.128

2031 532.042 214.75025 849.3337

2032 532.042 205.80409 858.2798

2033 532.0419 197.09685 866.987

2034 532.0419 188.61031 875.4736

2035 532.0419 180.32848 883.7554

2036 532.0419 172.23723 891.8466

2037 532.0419 164.32398 899.7599

2038 532.0419 156.57747 907.5064

2039 532.0419 148.98759 915.0963

2040 532.0419 141.5452 922.5387
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 Similar to Luis-Rojas et al. (2020) model, vanilla production will decrease, however, in 
this forecast study it is considered that the future average annual production of vanilla in 
Mexico will be around 532 tons. Even the highest values (mean plus confidence interval) 
predicted are still lower than the current production of the main producing countries 
(Borbolla-Pérez et al., 2017). It is unlikely that Mexico will once again be one of the main 
vanilla producing countries in the world, however, mexican vanilla is still considered as 
the best quality vanilla produced worldwide (Ellestad et al., 2022; Ranadive, 2018), which 
is why it is suggested to focus efforts on continuing to produce quality vanilla instead of 
quantity.
 Regarding the orthogonal response, the model showed susceptibility to stochastic 
events (Figure 4), which implies that any abrupt alteration in temperature, national vanilla 
production would be seriously affected. This is similar to what has been reported in the 
past, since in 1955 a stochastic event (hurricanes Hilda, Gladys and Janet) almost caused 
the total loss of vanilla production in Mexico, as well as a second event in 1961 (there 
was an extremely cold period) in which vanilla cultivation was almost lost nationwide 
(Suárez-Barrios, 2016; Vera-Cortés, 2007). Due to climate change, global temperatures 
are expected to increase between 3 to 5 °C (Luo et al., 2020), although some predictions 
are less conservative and predict an increase of up to 11 °C (Reddy et al., 2017). This 
increase in temperature will have negative consequences for the vanilla crop, since it has 
been observed that prolonged exposure to 32 °C (an increase of 7 °C above the optimum) 
reduces the production of roots and shoots, while exposure to 35 °C (an increase of up to 
10 °C) is inhibited (Barreda-Castillo et al., 2023a); furthermore, it has been observed that 
exposure to temperatures equal to or greater than 32 °C affects the viability of pollen, as 
well as the formation and maintenance of fruits (Hernández-Hernández, 2018; Iftikhar et 
al., 2023; Menchaca-García, 2018). The susceptibility of vanilla culture may not be limited 
to temperature or just to Mexico, since another vulnerability scenarios have been observed, 
like in Puerto Rico (Bayman, 2018), or Indonesia (Pinaria et al., 2010), where the root-stem 
rot disease caused by Fusarium oxysporum f. sp. vanillae significantly reduced the vanilla 
production.

Figure 4. Orthogonal impulse associated with the ARIMA (1,1,1) model, representing the effect of temperature 
variation on vanilla production in Mexico. The solid line shows the moving averages associated with the 
model, whereas the dashed lines indicate the response to stochastic variations in temperature.
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 Due to the observed fragility of the vanilla crop, it is recommended to implement a 
series of mitigation actions at present. These actions can be considered from the following 
perspectives:

 Genetic: It is important to rescue the use of cultivation with wild species and varieties, 
which may be more tolerant to new future environmental conditions (Flanagan et al., 
2018; Jackson et al., 2007). Species such as V. pompona Schiede or V. odorata C. Presl, both 
aromatic vanillas, might be considered for cultivation (Maruenda et al., 2013; Watteyn 
et al., 2023). In addition, it is necessary to obtain vanilla plants from seed to increase 
genetic diversity in this crop, and thereby obtain individuals with better responses to biotic 
and abiotic stress scenarios (Menchaca-García et al, 2011; Yeh et al., 2021). Likewise, a 
hybridization program for species that could provide greater resistance to temperature 
increases is considered necessary, since these species may also incorporate other aromatic 
properties for the market (Barreda-Castillo et al., 2023b; Menchaca-García, 2018).
 Cultivation Method: Due to its growth on tree supports, the trend of vanilla cultivation 
in traditional regions has been on citrus monocultures, which have been severely affected 
by rising temperatures and do not provide sufficient shade from insolation (Estudillo-
Hernández et al., 2019). So, management alternatives can be proposed to continue vanilla 
cultivation. An example of this is establishing cultivation in forest regeneration zones or 
secondary growth areas (also called “acahual”), where the surrounding vegetation provides 
shade at different canopy levels and contributes to creating microclimatic zones that help 
lower the temperature (Hernández-Hernández, 2018a; Ramos-Prado et al., 2023).
 Technology: If the trend in vanilla cultivation is to remain in traditional sites (from 
0 to 400 meters above sea level), where an increase in temperature has been observed 
(Armenta-Montero et al., 2022; Soto-Arenas and Dressler, 2009), it will be necessary to 
establish it using shade nets ranging from 50 to 80%, implemented with sprinkler irrigation 
systems in order to help to mitigate insolation but, on the other hand, it increases the 
investment in cultivation (van Noort, 2018).
 Cultivation Zones: With the current trend of climate change, there is an observed 
shift in vanilla cultivation to higher-altitude areas, exceeding even 1000 meters above 
sea level (Menchaca-García et al., 2019). Thus, it is necessary to implement studies that 
determine the geographical zones where vanilla plants can thrive, showing appropriate 
growth, flowering, and fruiting based on environmental tolerance ranges. Likewise, farmer 
training is essential to consider cultivating vanilla in areas where it has traditionally not 
been grown (Chambers, 2019).

CONCLUSIONS
 Vanilla cultivation follows a seasonal behavior, and in turn is influenced by variations in 
temperature. The model that describes the behavior of the crop was ARIMA (1,1,1) with 
three orders of lag, which indicates that the current vanilla production is a function of both 
the production and the thermal variation of the last three years.
 The forecast for vanilla production in Mexico indicates a reduction, compared to 
current production. Furthermore, the vanilla crop is considered to be susceptible to 
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stochastic variations in temperature. Therefore, it is recommended that actions be taken 
now regarding genetic improvement, new forms of cultivation, investment in technology, 
or establishing new cultivation areas, all with the aim of conserving this important crop in 
Mexico.
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