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Resumen 
La Bioclimatología es una ciencia interdisciplinar que estudia las relaciones entre las 
condiciones climáticas y la distribución de los seres vivos y sus comunidades en el 
planeta (Rivas-Martínez et al., 2011). En este sentido, los valores de los parámetros e 
índices climáticos y bioclimáticos en lugares concretos se utilizan para la toma de 
decisiones. El objetivo de esta investigación es mostrar resultados actualizados de los 
índices bioclimáticos y a su vez señalar la importancia de conocer la evolución 
espacial y temporal de estos índices y cómo puede afectar a la biodiversidad de la 
flora de California. Para ello, a partir de los datos originales de las estaciones 
meteorológicas (350) este estudio se centra en las 172 finalmente seleccionadas. De 
cada una de ellas se calcularon los parámetros e índices bioclimáticos siguiendo a 
Rivas-Martínez et al. (2011). Se aplicó el método de la pendiente de Sen y el test de 
Mann-Kendall para estimar las tendencias y la significación estadística. Los 
resultados se muestran en mapas de contornos en los que se observó que en los índices 
ombrotérmicos (Io, Ios1, Ios2, Ios3, Ios4) se presentan marcadas tendencias negativas 
en el sur y centro de California de -3 mm/año, a -0,028 unidades/año, -0,02 
unidades/año, -0,025 unidades/año, -0,03 unidades/año, respectivamente. Las 
temperaturas positivas en el desierto de Mojave y sus alrededores son las que muestran 
los mayores incrementos con una tendencia de +6 unidades/año. 
 
Palabras clave: Bioclimatología, California, Tendencias, Mann-Kendall, Sen slope, 
Mapas de contorno 
 
 
Abstract 
Bioclimatology is an interdisciplinary science that studies the relationships between 
climate conditions and the distribution of living beings and their communities on the 
Globe (Rivas-Martínez et al., 2011). In this regard, values of climate and bioclimate 
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parameters and indices in specifically locations are used for decision making. The aim 
of this research is to show updated results of the bioclimatic indices and to point out 
the importance of knowing the spatial and temporal evolution of these indices and 
how it can affect the biodiversity of the flora of California. To achieve this, from the 
original meteorological station data (350) this study is focused on the 172 finally 
selected. From each one of them, bioclimatic parameters and indices were calculated 
according Rivas-Martínez et al. (2011). It was applied Sen´s slope method and Mann-
Kendall test to estimate trends and the statistical significance. Results are shown in 
contour maps in which the ombrothermic indices (Io, Ios1, Ios2, Ios3, Ios4) marked 
negative trends are shown in southern and central of California from -3 units/year, to 
-0.028 units/year, -0.02 units/year, -0.025 units/year, -0.03 units/year, respectively. 
Positive temperature has shown the highest increases in Mojave Desert and 
surrounding areas with a trend of +6 units/year. 
 
Keywords: Bioclimatology, California, Trends, Mann-Kendall, Sen slope, Contour 
Maps.  
 
 
1. INTRODUCCIÓN 
A great number of species have been being affected by climate change. Comprehend 
how species will respond is vital for effectiveness in management and conservation 
biodiversity. In addition, natural resources managers will need tools to assess potential 
impacts of global warming throughout their local area of influence (Torregrosa et al., 
2013). In this regard, Bioclimatology is an ecological science that studies the 
relationships between climate conditions and distribution of living beings and their 
communities all over the world (Rivas-Martínez et al., 2011). According to 
Worldwide Bioclimatic Classification System (WBCS from now on) by Rivas-
Martínez et al. (2011), the bioclimatic units are precisely correlated to vegetation 
models and climate values. The increase in comprehensive knowledge of the 
distribution of vegetation on Earth, as well as changes in form and composition of 
potential vegetation, have allowed scientists to recognise bioclimatic threshold to 
define them. The limits of bioclimatic units (macrobioclimates, bioclimates, 
thermotypes and ombrotypes) have been progressively redefined. In fact, bioclimatic 
models can predict the responses of living organisms to climate change focusing on 
climatic thresholds of species distribution (Canu et al., 2015). For this reason, amongst 
others, it is important to measure bioclimatic trends in order to reduce variability in 
future uncertainty. In climatic studies both the physical aspects and those of statistical 
significance are fundamental to trend prediction. Indeed, such is the importance of 
bioclimatic trends that new methodologies and research have focused on the 
distribution of plants that provide a basis for regional economic production (del Río 
et al., 2021; Gopar-Merino et al., 2015). Previous research has shown that climate 
trends in the United States present both regional and seasonal variations (Wang et al., 
2009), particularly over winter period (Burakowski et al., 2008). The expected values 
of climate and bioclimate parameters and indices in specifically locations are used for 
decision making such as plant hardiness zones by the U.S. Department of Agriculture 
(Krakauer, 2012). 
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Authors considered that this research might deepen in the knowledge of the 
bioclimatic indices trend due to the fact that shows up-to-date results. This research 
could support decision-making for environmental managers. On this matter, is also 
worth noting the importance of knowing the spatial and temporal evolution of the 
bioclimatic indices and how this may affect California´s flora biodiversity.  
 
 
2. METHOD AND MATERIALS.  
 
2.1 Survey area.  
In this research, the area established 
for its study is the State of California 
that covers 423,955 km2. This State 
is one of the largest states in the U.S. 
and presents two leading mountain 
ranges named Sierra Nevada and the 
Coast Range. The Coast Range runs 
through the northwest of the State to 
the Mexican boundary. Moreover, 
Sierra Nevada is the largest range 
with Mount Whitney as the highest 
peak (4421 m). In addition, this State 
shows a wide variety of landscapes. 
From Mediterranean climate, spreads 
all over State, to Temperate one in 
Klamath mountain, the climate is 
highly variable (Rivas-Martínez et 
al., 2011). This wide variety of 
climates is possible, thanks to its intricate topography and latitudinal extension 
(Pathak et al., 2018). This is the case of the differences observed on the southern and 
northern hills, since they have microclimates that affect the length of the growing 
season, particularly in years with little rainfall (Liu et al., 2021). In addition, the 
proximity to the Pacific coast is another determining factor of climate variability in 
this State.  
 
2.2 Data. 
Climatic data values of precipitation and average temperature were obtained from the 
climatic database WRCC (Center, 2000). Initially, monthly time series of average 
temperature (ºC) and accumulated rainfall (mm) were included in our database. From 
the 350 meteorological stations available, this study is focused on the 172 finally 
selected (Fig. 1). Analysis of the homogeneity of the data was performed (Blöschl et 
al., 2019; Gocic & Trajkovic, 2013; Karmeshu, 2015; Song et al., 2019). In this 
research was determined by the run test (Thom, 1966), recommended by the World 
Meteorological Organization. To represent this data in maps, altitude values and 
geographic coordinates were added. For each one of those meteorological stations 
bioclimatic indices were calculated following Rivas-Martínez et al. (2011) (Table 1).  

Fig. 1: Meteorological stations used in this 
study. 
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Index name Definition 

Positive Precipitation (Pp) 
Sum of the average precipitation in millimetres of the 
months whose average temperature is greater than 
0ºC. 

Positive Temperature (Tp) 
Sum of the temperatures of the months whose average 
temperature is greater than 0ºC. It is expressed in 
tenths of a degree. 

Maximun Temperature 
(Tmax) Average temperature of the hottest month of the year 

Minimun Temperature 
(Tmin) Average temperature of the coldest month of the year 

Simple Continentality 
Index (Ic) 

It expresses the difference or oscillation between the 
mean temperature of the warmest month (Tmax) and 
that of the coldest month of the year (Tmin).  Ic = 
Tmax - Tmin. 

Thermicity Index (It) 

It can be calculated as the average annual temperature 
plus twice the temperature of the coldest month and 
all this multiplied by ten. It is, therefore, an index that 
weights the intensity of the cold. 

Compensated Thermicity 
Index (Itc) 

Index that tries to weight the value of the termicity 
index (It), due to the "excess" of cold or temperance 
that occurs during the cold season in the territories of 
marked continental or hyperoceanic climate on Earth. 
In addition, this Index provides Termotipes 
characterisation. 

Annual Ombrothermic 
Index (Io) 

This index is the quotient between the positive 
precipitation (Pp) and the positive temperature (Tp) 
multiplied by ten. 

Summer Ombrothermic 
Indices (Iosi) 

Ios1 (ombrothermic index of the warmest month of the 
summer quarter); Ios2 (ombrothermic index of the 
hottest two months of the summer quarter); Ios3 
(ombrothermic index of the summer quarter) and Ios4 
(calculated with the months of the summer quarter and 
the previous month). 

Table 1. Parameters and Bioclimatic indices from Rivas-Martínez et al. (2011) 
 
2.3 Trend analysis. 
In first place, we applied Sen´s slope method and Mann-Kendall test to estimate trends 
and the statistical significance for each one of meteorological stations established. For 
this accomplishment we applied the Sen slope estimator, a non-parametric technique 
that estimates variations per unit of time in a series when there is a linear trend (Q. 
Liu et al., 2020). The non-parametric Mann-Kendall test most commonly used for 
predicting trends in environmental time series data (Ahmad et al., 2015; He & Gautam, 
2016a; Kukal & Irmak, 2016; Peña-Angulo et al., 2021; Sarricolea et al., 2019). It is 
noteworthy that in so many territories the number of weather stations are scarce, and 
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climatic studies are truly challenging (Abatzoglou et al., 2018; Díaz-Padilla et al., 
2011; Marchi et al., 2017). For that reason, interpolation of data is necessary for a 
specific location. Aiming to carry out the slope calculations the Empirical Bayesian 
Kriging geoprocessing tool was applied. This tool is implemented in ArcGis software 
10.8 (Environmental Systems Research Institute (ESRI), 2019). The semivariogram 
estimated in this kriging method is obtain using the restricted maximum likelihood 
method (Krivoruchko, 2012). Finally, the results obtained from the analysis of each 
one of the bioclimatic indices selected are shown in contour maps. Those are the 
overlaid slope interpolations for each year of the study period with statistical 
significance when it exists at 95% confidence level. This slope value is 
heterogeneously distributed over the study area. 
 
 
3. RESULTS AND DISCUSSION. 
According to WBCS, the annual rhythm of precipitation is more important than 
quantity, for plant communities. In this regard, annual Ombrothermic Index (Io) 
express the quotient between the average precipitation in millimetres and the sum in 
degrees of those months whose average temperature is above zero degrees, since 
below this temperature the water absorbed functions of the plant´s root, are inhibited. 
In addition, Summer Ombrothermic Indices (Ios1, Ios2, Ios3 and Ios4) are very 
important, since they measure summer aridity and its possible compensation: they are 
essential to differentiate the Mediterranean Macrobioclimate from the Temperate 
Macrobioclimate. In relation to our Io results, it is important to mention that negative 
trends are found over Central and North Sierra Nevada (-0.036 Units/year) (Fig. 2). 
This implies that the precipitation available for the vegetation communities in those 
mountains is going to be scarce, turning into a drier territory which could lead to a 
loss of the suitable area of plants found today in that locations. These results but with 
a less negative trend are shown in South California, in particular, at zones such as San 
Gabriel and San Bernardino Mountains. Opposing to that, positive trends of this index 
are found in the North of the State closer to the coast in Eureka and West of Coast 
Ranges.  
Similar outcomes are found for the summer Ombrothermic Indices. It is noteworthy 
the negative trends (-0.04/year) found for Ios2. This result is found in the surroundings 
of Lake Tahoe. Those areas of Temperate Macrobioclimate have shown an increasing 
summer drought. That could be related to an increase of temperature as it can be 
verified in Positive Temperature Map (Fig. 2). The map highlights that Southern 
California warms up faster, as well as the North does but to a lesser extent. In this 
regard, Mojave Desert and surrounding areas are shown the highest increases with a 
trend of +6 units/year.  
Moving to our results of the Tmax a quite similar pattern to Tp is found. In this case 
Tmax increases in a rate of +0.072ºC/year in Mojave Desert neighbouring. In this case 
the slightest increases are found in the Pacific coast of this State (+0.32ºC in the period 
studied). According to our result of Tmin the highest increases are found in 
Sacramento and San Joaquin Valley which it could affect crops and plant distribution 
(Kerr et al., 2018; Liu, 2016). It is remarkable negative trends existing in Klamath 
Mountains Region that spread to the coast from Eureka to Crescent City.    
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