
Revista Mexicana de Ciencias Forestales Vol. 14 (79) 
Septiembre - Octubre (2023) 

 
 

 

 

DOI: 10.29298/rmcf.v14i79.1350 

Research article 

Comparación de bases de datos climáticos en la modelación de 
distribución potencial de Pinus cembroides Zucc. 

Comparison of climatic databases in modeling the potential 
distribution of Pinus cembroides Zucc. 

 
Julio Nemorio Martínez-Sánchez1, Luis Gerardo Cuéllar-Rodríguez1, José Israel 
Yerena Yamallel1, María Tereza Cavazos2, Homero Alejandro Gárate-Escamilla1* 
 

Fecha de recepción/Reception date: 6 de marzo de 2023 
Fecha de aceptación/Acceptance date: 22 de junio del 2023 
_______________________________ 

1Universidad Autónoma de Nuevo León, Facultad de Ciencias Forestales. México. 
2Centro de Investigación Científica y de Educación Superior de Ensenada. México. 
 
*Autor para correspondencia; correo-e: hgaratesc@uanl.edu.mx 
*Corresponding author; e-mail: hgaratesc@uanl.edu.mx 

Abstract 
The potential distribution of Pinus cembroides populations depends on the spatial and temporal variability of the 
temperature and precipitation. Given the increase in the availability of different climatic databases in the last 
decades, the objective of the present study was to evaluate the effect of their spatial and temporal variability on 
the modeling of the potential distribution of P. cembroides. The Maximum Entropy (MaxEnt) algorithm was used 
to obtain the potential distribution of P. cembroides from the records of the National Forest and Soil Inventory 
and the National Biodiversity Information System with data from four sources of climatic information. Despite 
differences in spatial resolution, four reliable models were obtained with AUC values close to 0.8. The 
distribution of P. cembroides is limited by the mean temperature of the wettest (Bio 8) and driest (Bio 9) 
quarters. The WorldClim v2.1 and SCM models presented a higher correlation between the distribution of P. 
cembroides and the selected bioclimatic variables. In all four models, the species recorded a higher probability 
of occurrence (>70 %) in the Eastern and Western Sierras Madre. It is concluded that databases with a spatial 
resolution of at least 15 km2 are necessary for distribution studies of P. cembroides. The type of research should 
be considered a first step in the planning and development of management and conservation strategies for the 
species. 
Key words: Climate data, species distribution, maximum entropy, distribution models, Pinus cembroides Zucc., 
bioclimatic variables. 

Resumen 
La distribución potencial de las poblaciones de Pinus cembroides depende de la variabilidad espacial y temporal 
de la temperatura y la precipitación. Dado el incremento en la disponibilidad de diferentes bases de datos 
climáticos en las últimas décadas, el objetivo del presente estudio fue evaluar el efecto de su variabilidad 
espacial y temporal en la modelación de la distribución potencial de P. cembroides. Se utilizó el algoritmo de 
Máxima Entropía (MaxEnt) para obtener la distribución potencial de P. cembroides a partir de los registros del 
Inventario Nacional Forestal y de Suelos y del Sistema Nacional de Información sobre Biodiversidad, con datos 
de cuatro fuentes de información climática. A pesar de las diferencias en la resolución espacial, se obtuvieron 
cuatro modelos confiables con valores de AUC cercanos a 0.8. La distribución de P. cembroides está limitada por 
la temperatura media de los trimestres más húmedo (Bio 8) y más seco (Bio 9). Los modelos de WorldClim v2.1 
y SCM presentaron una mayor correlación entre la distribución de P. cembroides y las variables bioclimáticas 
seleccionadas. En los cuatro modelos, la especie registró una mayor probabilidad de ocurrencia (>70 %) en las 
sierras Madre Oriental y Occidental. Se concluye que son necesarias bases de datos con una resolución espacial 
de al menos 15 km2 para los estudios de distribución de P. cembroides. Este tipo de investigaciones deben 
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considerarse un primer paso en la planeación y desarrollo de estrategias de manejo y conservación de la 
especie. 
Palabras clave: Datos climáticos, distribución de especies, máxima entropía, modelos de distribución, Pinus 
cembroides Zucc., variables bioclimáticas. 

 

 

Introduction 

 

 

It is a proven fact that the performance of climate-based species distribution models 

depends on the spatial resolution and reference period of the climate information 

used (Jiménez-Valverde et al., 2021; Abdulwahab et al., 2022). Although a large 

number of climate information sources have been developed in recent years, most 

are global in scale (Livneh et al., 2015; Fick and Hijmans, 2017) and do not reflect, at 

the local level, variations in climatic conditions (Harris et al., 2014) and which are 

important for determining the potential distribution of certain species, especially 

those located in areas with a pronounced relief (Austin and Van Niel, 2011; 

Lembrechts et al., 2019). 

Thus, there is no knowledge regarding which climate databases are the most 

appropriate when using species distribution models (SDMs) (Nezer et al., 2017; 

Stewart et al., 2022). Therefore, climate databases are considered to be of major 

sources of uncertainty in the development and use of SDMs oriented toward the 

management and conservation of species (Bucklin et al., 2015). 

In order to test the effects of spatial resolution and temporal variability of climatic 

information on the performance of SDMs, distribution areas of Pinus cembroides 

Zucc. were selected. This taxon is distributed in the Eastern and Western Sierras 
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Madre and in the Transversal Neovolcanic Axis and is adapted to a wide variety of 

climates, making it the most widely distributed pine tree species in the country 

(Constante et al., 2009). 

P. cembroides is characterized by growing in dry soils and rocky slopes or at the 

foot of the mountains, it can reach a height of up to 15 m and a diameter of 30 to 

70 cm (Herrera-Soto et al., 2018). It has been identified as one of the most 

drought-tolerant pine species (Gutiérrez-García et al., 2015). 

The most abundant populations of P. cembroides are found in the states of 

Chihuahua, Durango, Coahuila, Nuevo León, Hidalgo and Zacatecas, where they form 

part of the transitional vegetation between the xerophytic formations of the Mexican 

Highlands and the internal slopes of the Eastern and Western Sierras Madre (Carlón 

et al., 2018). 

Several studies have shown that the geographic distribution of P. cembroides is 

influenced by the spatial and temporal variability of the climate (Aceves-Rangel et 

al., 2018; Antúnez et al., 2018; García-Aranda et al., 2018). However, no analyses 

have been conducted to evaluate the use of different climate data sources on the 

performance of SDMs. Therefore, the objective of this study was to evaluate the 

effect of the spatial and temporal climate variability reflected in climate databases 

with differences in their spatial resolution and reference periods, using as a case 

study models of potential distribution of P. cembroides in Mexico. 

 

 

Materials and Methods 
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The study region includes all the national distribution areas of P. cembroides (Figure 

1), which are characterized by a great diversity of climates, ranging from semi-arid 

in the north to temperate and subtropical climates in the center and south of the 

country (Conabio, 1998). The populations are located at altitudes between 1 350 

and 3 500 m, with temperatures between 7 and 40 °C, annual average of 18 °C, 

and an annual average precipitation of 360 mm to 800 mm (Rzedowski, 1978). 

 

 

Sources: National Forest and Soil Inventory (INFyS) (Conafor, 2012) and National 

Biodiversity Information System (SNIB) (Conabio, 2021). 

Figure 1. Potential distribution (gray shading) (Téllez-Valdéz et al., 2019) and 

historical records of Pinus cembroides Zucc. from INFyS (blue dots) and SNIB (red 

dots) in Mexico. 
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The coordinates of the presence of P. cembroides were obtained from the National 

Forest and Soil Inventory (INFyS) of the National Forest Commission (Conafor) 

(Conafor, 2012) for the 2009-2014 period and from the Geoportal of the National 

Biodiversity Information System (SNIB) (Conabio, 2021). In order to avoid 

overestimates and redundancy, duplicate occurrence records were eliminated. For 

this purpose, a radius was selected around each point of occurrence of P. 

cembroides, in which the spatial resolution of the climatic predictors (1 km2, 15 km2 

and 55.5 km2) was considered. That is, only one individual record of occurrence of 

P. cembroides was included for each cell of climatic information. 

Climate information was obtained from four sources: two at global scale and two at 

national level, representing the average climate for different historical periods, from 

1910 to 2018, and at different spatial resolution (from ~1 km2 to ~55.5 km2) (Table 1). 

 

Table 1. Climate databases. 

Source Resolution Period Reference 

WorldClim v2.1 0.008° (~1 km2) 1970-2000 Fick and Hijmans, 2017 

SMN-CLICOM 0.125° (~15 km2) 1971-2000 Zhu and Lettenmier, 2007 

ERA5 0.500° (~55.5 km2) 1979-2018 Vanuyytrecht et al., 2021 

SCM 0.008° (~1 km2) 1910-2009 Cuervo-Robayo et al., 2014 

 

Climate data from WorldClim v2.1 (Fick and Hijmans, 2017) contain global data 

obtained from 9 000 to 60 000 stations (depending on coverage) at the global level 

and interpolated by the thin-spline method considering covariates such as altitude, 

distance to the coast and cloud cover. The Mexican Climatic Surfaces Database 

(SCM) (Cuervo-Robayo et al., 2014) was constructed from daily data from 5 000 

stations that are part of the surface station network of the National Meteorological 
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Service (SMN), using an interpolation method similar to that proposed by Fick and 

Hijmans (2017) with longitude, latitude and altitude as independent variables. 

SMN-CLICOM climate information was calculated using daily precipitation, maximum 

temperature and minimum temperature data from approximately 5 000 National 

Meteorological Service (SMN) stations from 1920s to 2014 (Zhu and Lettenmaier, 

2007). Finally, data from ERA5 was used; this is a global reanalysis (global model 

forecasts and observational data) using hourly and monthly data obtained from a 

combination of data measured by weather stations, ocean buoys, and data estimated 

from satellite information (Vanuyytrecht et al., 2021) for the 1979-2018 period. 

From each climate database, 19 bioclimatic variables representing different annual, 

seasonal and monthly averages and trends of mean, maximum and minimum 

precipitation and temperature variables were used (Table 2). 

 

Table 2. Bioclimatic variables. 

Variable Description Units Variable Description Units 

Bio 1 Annual average 
temperature 

°C Bio 11 Average temperature 
of the coldest quarter 

°C 

Bio 2 Daytime temperature 
range 

°C Bio 12 Annual precipitation mm 

Bio 3 Isothermality 
(Bio2/Bio7)×100 

- Bio 13 Precipitation in the 
wettest month 

mm 

Bio 4 Temperature seasonality % Bio 14 Precipitation in the 
driest month 

mm 

Bio 5 Maximum temperature of 
the warmest month 

°C Bio 15 Seasonality of 
precipitation 

% 

Bio 6 Minimum temperature of 
the coldest month 

°C Bio 16 Precipitation in the 
wettest quarter 

mm 
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Bio 7 Annual temperature 
range (Bio5-Bio6) 

°C Bio 17 Precipitation in the 
driest quarter 

mm 

Bio 8 Average temperature in 
the wettest quarter 

°C Bio 18 Precipitation in the 
warmest quarter 

mm 

Bio 9 Average temperature in 
the driest quarter 

°C Bio 19 Precipitation in the 
coldest quarter 

mm 

Bio 10 Average temperature in 
the warmest quarter 

°C    

 

The potential models of distribution of P. cembroides were obtained from the 

MaxEnt software (v3.4.3) that uses the principle of maximum entropy (Phillips et 

al., 2006; Elith et al., 2011). Based on a collinearity analysis, only bioclimatic 

variables with a variance inflation factor or VIF value of less than 10 were used in 

each distribution model (Belsley et al., 1991; Guisan et al., 2006). In every case, 80 

% were used for training, and 20 % for validation (Marino et al., 2011). 

The logistic output format was selected to indicate the likelihood of the presence of 

the species with values from 0 to 1 to indicate absence and maximum suitability, 

respectively (Phillips et al., 2006). Thresholds were identified for unfavorable 

conditions (<10 %), low potential (11-30 %), moderate potential (31-70 %), and 

high potential (>70 %) (Choudhury et al., 2016). 

The relative contribution of each bioclimatic variable was estimated using the 

jackknife test (Phillips et al., 2006). The models were validated using the area 

under the curve (AUC) test (Pearson et al., 2007), in which values close to 1 

indicate a higher correlation between the selected bioclimatic variables and the 

potential distribution obtained (Araújo et al., 2005; Phillips and Dudik, 2008). 
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Results 

 

 

A total of 1 696 records of P. cembroides were obtained at the national level (1 251 

from INFyS, and 445 from SNIB). The states with the highest number were the 

states of Chihuahua (690), Durango (310), Coahuila (165), Nuevo León (145) and 

Zacatecas (114), where more than 80 % of the total is concentrated (Table 3). 

 

Table 3. Number of records of Pinus cembroides Zucc. by state. 

State INFyS SNIB State INFyS SNIB 

Chihuahua 661 29 Hidalgo 6 17 

Durango 273 37 Veracruz 1 17 

Coahuila 51 114 Jalisco 7 3 

Nuevo León 51 94 Baja California 5 - 

Zacatecas 96 18 Baja California Sur 3 - 

Guanajuato 30 17 Tlaxcala 1 3 

Tamaulipas 17 25 Michoacán 1 - 

San Luis Potosí 14 23 State of Mexico - 1 

Querétaro 9 21 Total 1 251 445 

Puebla 3 23    

Sonora 22 3    

Source: National Forest and Soil Inventory (INFyS) (Conafor, 2012) and National 

Biodiversity Information System (SNIB) (Conabio, 2021). 
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Reliable and significant potential distribution models of P. cembroides were obtained 

with AUC values close to 0.8 in all four cases (Figure 2). The model with climate 

data from WorldClim v2.1 had the highest AUC value with 0.888 and the lowest 

value corresponded to the model with data from the ERA5 reanalysis, with an AUC 

of 0.793 in the validation. 

 

 

a) WorldClim v2.1; b) SMN-CLICOM; c) ERA5; d) SCM. 

Figure 2. Analysis of the area under the curve (AUC).  
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Despite differences in spatial resolution and historical periods of the climate data, in 

all models the mean temperature of the wettest (Bio 8) and driest (Bio 9) quarters 

contributed more than 80 % to the potential distribution of P. cembroides (Table 4). 

In general, precipitation-derived variables contributed on average less than 5.0 % of 

the total rainfall. 

 

Table 4. Contribution (%) of bioclimatic variables used in each model. 

Variable WorldClim v2.1 SMN-CLICOM ERA5 SCM 

Bio 9 17.0 78.8 90.9 60.0 

Bio 8 68.5 12.0 3.4 30.7 

Bio 2 3.4 3.7 0.8 2.1 

Bio 3 4.0 1.5 1.1 1.1 

Bio 18 2.7 1.1 - 4.8 

Bio 12 3.6 1.9 - - 

Bio 16 - - 3.1 - 

Bio 15 - 1.0 0.4 0.8 

Bio 14 0.7 - 0.2 0.0 

Bio 19 0.3 - 0.1 0.4 

 

The regions with the highest likelihood of the occurrence of P. cembroides were 

located along the Eastern and Western Sierras Madre with values above 70 %, and 

close to 50 % in the Transverse Neovolcanic Axis (Figure 3), which has a temperate 

climate and warm summers with Bio 8 intervals from 16 to 22 °C and Bio 9 from 10 

to 16 °C, and an annual precipitation of less than 1 200 mm. However, differences 
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were observed at the regional level between the models. In Coahuila and certain 

central regions of the country, the models based on climate data from SMN-CLICOM 

and ERA5 indicated a higher probability (50-70 %), compared to the results obtained 

with WorldClim v2.1 and SCM, which showed a likelihood of less than 30 %. 

 

 

a) WorldClim v2.1; b) SMN-CLICOM; c) ERA5, d) SCM. 

Figure 3. Potential distribution of Pinus cembroides Zucc. 

 

The model with climate data from ERA5 overestimated the probability of presence of 

P. cembroides and showed a larger difference with respect to the other models, with 

probabilities of 20 to 30 % in the north of the state of Baja California, and above 60 

% in the center and south of the country (Figure 3c). In the northern region of 

Coahuila, the models with lower spatial resolution (SMN-CLICOM and ERA5) 

overestimated the distribution of P. cembroides compared to the results of WorldClim 
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v2.1 and SCM. Something similar was observed in the central region of the country, 

where ERA5 registered a likelihood of over 60 %. The WorldClim v2.1 and SCM 

models presented a similar likelihood of P. cembroides occurrence throughout the 

distribution, with differences of less than 25 % between them (Figure 4a). 

 

 

a) WorldClim v2.1–SCM; b) WorldClim v2.1–SMN-CLICOM); c) WorldClim v2.1–

ERA5; d) SCM–SMN-CLICOM; e) SCM–ERA5; f) ERA5–SMN-CLICOM). 
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Figure 4. Probability differences between different models of potential distribution 

of Pinus cembroides Zucc. in Mexico. 

 

The SMN-CLICOM model had a higher probability than the SCM and WorldClim v2.1 

models (figures 4b and 4c) in the state of Coahuila, with differences of 30 to 40 % and 

40 to 50 %, respectively. Differences in probability between WorldClim v2.1, ERA5 and 

SCM models ranged between 40 and 50 % across the country (Figures 4c, 4e and 4f). 

 

 

Discussion 

 

 

Given the increase in the number of climate databases over the last few years 

(Livneh et al., 2015; Fick and Hijmans, 2017; Vanuyytrecht et al., 2021), it is 

possible to conduct studies to compare the effects of spatial resolution and temporal 

variability on the distribution patterns of different species. However, most SDMs 

research has used only WorldClimate climate data (Romero-Sánchez et al., 2017; 

Manzanilla-Quijada et al., 2020), and less than 10 % of it compares the use of other 

databases and the effects of these factors on SDMs performance and interpretation 

(Bobrowski et al., 2021). 

In this work, the performance of distribution models of P. cembroides obtained from 

four climatic databases was evaluated. The results are consistent in showing that 

the performance of the distribution models of this species is dependent on the 

spatial resolution and temporal variability of the climatic information used (Bucklin 

et al., 2015; Abdulwahab et al., 2022). 
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The higher resolution WorldClim v2.1 and SCM models performed better with AUC 

values of 0.888 and 0.881, respectively, which indicates a higher correlation between 

the selected bioclimatic variables and the generated potential distribution (Connor et 

al., 2018; Zhang et al., 2021). In comparison, the ERA5 model exhibited the lowest 

performance, with an AUC value of 0.793; its records are lower than those 

documented in previous studies of the distribution of the Pinus genus, including P. 

cembroides, at national and regional level in northeastern Mexico, in which AUC 

values greater than 0.9 are cited (Aceves-Rangel et al., 2018; García-Aranda et al., 

2018). However, it is possible that the performance of the models obtained in these 

studies is overestimated, as no collinearity analysis was performed to identify the 

bioclimatic variables with the highest correlation (Guisan et al., 2006; Dormann et 

al., 2023). 

The distribution predictions obtained were higher than 0.750; therefore, all models 

are considered accurate and function as a tool to determine management and 

conservation plans for this species (Aguirre and Duivenvoorden, 2010; Aceves-

Rangel et al., 2018). This study shows that for P. cembroides, models with a spatial 

resolution of 1 km2 had a better statistical performance than models with a 

resolution of over 15 km2. For certain species of limited distribution, SDMs obtained 

with climate data of low spatial resolution (>50 km2) may have a better statistical 

performance compared to other SDMs based on climate data with a higher 

resolution (Watling et al., 2014; Datta et al., 2020). 

In previous distribution research based on WorldClim data for the 1950-2000 

period, the mean annual temperature (Bio 1), altitude, and annual precipitation (Bio 

12) were identified as the variables that influence the distribution of P. cembroides 

(Aceves-Rangel et al., 2018); however, the results of the present work indicate that 

in all models the distribution of P. cembroides at the national level is limited by the 
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mean temperature of the wettest quarter (Bio 8) and the mean temperature of the 

driest quarter (Bio 9). At the regional level, they are consistent with the results 

obtained by García-Aranda et al. (2018) who for the 1950-2000 period conclude 

that the mean temperature of the driest quarter (Bio 9) and the maximum 

temperature of the warmest month (Bio 5) are the most important limiting factors 

for their distribution in northeastern Mexico. 

The differences observed in the performance and interpretation of the distribution 

models are mainly due to differences in the spatial resolution and reference periods 

of the utilized predictors (Baker et al., 2017; Silva et al., 2019). Although the 

WorldClim v2.1 and SCM databases have a higher resolution compared to the SMN-

CLICOM and ERA5 databases, they do not consider the increase in temperature 

observed in the last decade (2011-2020) in certain regions of Mexico (Cavazos et al., 

2020). This is reflected in differences in the spatial distribution of bioclimatic variables 

between each database. For example, in regions of the Baja California Peninsula, the 

differences in the average temperature of the driest quarter between WorldClim v2.1 

and SMN-CLICOM are greater than 5 °C, and in the average temperature of the 

wettest quarter, differences of over 5 °C were also observed in Chihuahua and areas 

of Sonora, Durango and Zacatecas. It is possible that if these data are included, the 

distribution of P. cembroides may be significantly modified, especially in regions 

where a positive trend in temperature increase has been observed at local and 

regional level. 

In contrast, the ERA5 data does consider such a trend, but due to its spatial 

resolution no changes in the distribution of precipitation and temperature that might 

be used to identify climate shelters at the local level were observed (Austin and Van 

Niel, 2011). 

The next step is to generate models of the potential distribution of P. cembroides at 

the national level, based on climate databases with a spatial resolution of over 15 
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km2 combining satellite-estimated information and measurements by surface 

stations, and integrating the climate variability observed in the last 30 years (1991–

2020) in Mexico. 

 

 

Conclusions 

 

 

The performance of the P. cembroides distribution models depends on the spatial 

resolution and reference period of the climate data used. The WorldClim v2.1, SCM 

(1 km2 resolution) and SMN-CLICOM (15 km2) models have a better statistical 

performance compared to the ERA5 model (55.5 km2). In all models, the mean 

temperature variables for the wettest quarter (Bio 8), which occurs in the months of 

June through September in most of the country and in winter in the northwest, as 

well as the average temperature of the driest quarter (Bio 9) (late winter and early 

spring in northern, central and southern Mexico) account for over 80 % of the 

potential distribution of P. cembroides. 

In general, it is concluded that it is necessary to use databases with a spatial 

resolution of at least 15 km2 in order to obtain reliable distribution models for P. 

cembroides that also include information on the observed warming in recent 

decades. The climate databases should be selected in collaboration with experts in 

the ecology of the species to be analyzed. The comparative analysis between 

different climate databases in SDMs performance is crucial to the process of 

planning management and conservation strategies for P. cembroides and other 

coniferous species with a more limited distribution. 
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