
 
                                                                                                           Proceedings of the 1st IAHR 

                                                                                                            Young Professionals Congress                                                                                                                                                      
17-18 November 2020 

                                                                   
 
 
                                               

©YEAR, IAHR. Used with permission / ISSN (Online) - ISSN (Print) - ISSN (USB)       

CHARACTERIZATION OF METEOROLOGICAL DROUGHTS IN CONTINENTAL 
ECUADOR DURING THE PERIOD 1902-2017 

 
 

Ronnie Araneda-Cabrera 1, María Bermúdez 2 & Jerónimo Puertas 3  
 

1,3Water and Environmental Engineering Group, University A Coruña, A Coruña, Spain 
ronnie.aranedac@udc.es, jeronimo.puertas@udc.es 

2 Environmental Fluid Dynamics Group, Andalusian Institute for Earth System Research, University of Granada, Granada, Spain  
mariabermudez@ugr.es 

 
 

ABSTRACT  
  
Droughts in Ecuador are related to precipitation and temperature, varying their characteristics considerably across 
the country. Using the Standardized Precipitation and Evapotranspiration Index (SPEI), we have divided the 
country into three homogeneous drought regions that are similar to the country's geographical divisions. In these 
homogeneous drought regions, a characterization of the droughts during the periods 1906-1961 and 1962-2017 
was performed. All three regions showed an increase in the frequency of droughts for all the temporal aggregations 
of SPEI. In the Coastal and Andean regions, the duration, intensity and severity also increased in the second 
period. The results point to increased pressure on water resources in recent years. 
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1 INTRODUCTION   
Meteorological droughts, understood as the deficit of precipitation (P) with respect to its average, are slow onset 
events and difficult to quantify, constituting a problem that will be aggravated by climate change (WMO, 2006). 
For its monitoring and characterization, the Standardized Precipitation and Evapotranspiration Index (SPEI) 
proposed by Vicente-Serrano, Beguería, & López-Moreno, 2010 has been widely used, enabling the 
characterization of the phenomenon in the short and long term.  

Due to its geography and climatology, Ecuador is frequently affected by drought events of variable duration and 
intensity. In recent years, strong relationships have been identified between P, temperature (T) and drought 
patterns over the entire territory (Vicente-Serrano et al., 2017). The objectives of this study were threefold: i) to 
identify the homogeneous drought regions of the country from the point of view of meteorological drought; ii) to 
analyze the change in the characteristics of droughts in two time periods of equal length: 1906 to 1961 and from 
1962 to 2017 over the different regions; iii) to map drought characteristics across the country. The results can 
serve as a basis for developing risk management strategies and plans in Ecuador. 

 

2 DATA AND METHODS  
Monthly series from 1902 to 2017 of precipitation (P) and potential evapotranspiration (ETP) were downloaded 
from the Climate Research Unit, CRU TS3.10, of the University of East Anglia (UK), on a grid of 0.5°x0.5° over 
the whole Ecuadorian territory (106 cells). First, the SPEI was calculated on each of the CRU cells according to 
Vicente-Serrano et al. (2010) in 6-time windows: 3, 6, 12, 24, 36 and 48 months. Later, we used the minimum 
annual value of each SPEI to define homogenous drought regions and perform drought analysis. The 
regionalization analysis was conducted applying the k-means clustering method; the optimal number of regions 
was defined with the silhouette method. The statistical homogeneity test (H) was used to consider if the resulting 
regions were statistically homogeneous. In each region and period of analysis, the frequency of occurrence of 
droughts and the characteristics of duration, intensity and severity were computed based on the "run theory". 
Drought characteristics were mapped to facilitate spatial analysis. We defined drought as SPEI lower than -1 
for at least 2 consecutive months. 
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3 RESULTS  
Three homogeneous drought regions were identified in Ecuador (Coast, Andean and Amazon), which coincide 
approximately with the country's geographic regions. The H statistical test showed that the three regions were 
acceptably homogeneous (H < 1). SPEI time series were averaged in each region and drought characteristics 
were analyzed in each period (Table 1 shows the results for SPEI-12). The SPEI time series revealed drought 
events were in general more severe and intense (maximum intensity). In the Coastal and Andean regions, the 
higher the temporal aggregation of the SPEI, the higher the rate of change of the average characteristics 
between the first and second period, suggesting greater negative changes in the characteristics of hydrological 
droughts (river or aquifer flows). However, the Coast showed its drought characteristics slightly more affected 
than the Andean. In the Amazon region, the frequency of droughts was lower in the second period analyzed for 
the higher SPEI aggregations (12 and 24 months), and the average durations decreased when analyzing lower 
SPEI time periods (3 and 6 months). The average drought characteristics were mapped considering the SPEI 
time series over each CRU cell. It could be observed that the results found at the regional level are maintained 
(with small spatial variations) at the national level. In addition, the maps allowed us to identify smaller areas 
where droughts are more frequent, severe and intense. 

 
Table 1. Average drought characteristics for the three drought regions of Ecuador using the SPEI-12. 

SPEI ≤ -1.00 Coast Andean Amazon 
1906 - 1961 1962 - 2017 1906 - 1961 1962 - 2017 1906 - 1961 1962 - 2017 

Frequency [%] 1.04 2.23 1.34 2.38 2.08 1.79 
Duration [N° months] 5.57 8.73 4.67 7.81 5.79 8.17 

Intensity -1.31 -1.56 -1.34 -1.48 -1.36 -1.45 
Severity -6.88 -12.93 -5.87 -10.82 -7.26 -10.97 

 
 
4 CONCLUSIONS 
The major conclusions of this study are: i) The SPEI index calculated with data from CRU detects as 
homogeneous drought regions the usual geographical regions of Ecuador, with contrasting climate regimes. ii) 
in the three regions of drought, the second half of the study period generally showed an increase in the 
frequency of drought; and, iii) the events tended to last longer and showed a higher intensity and severity, 
especially the long-term indices, suggesting that the main effects of droughts could be felt in river flows and 
groundwater. This work can serve as a basis for the development of drought and water management plans in 
Ecuador. 

 
ACKNOWLEDGEMENTS  
Ronnie Araneda gratefully acknowledges financial support from the Spanish Regional Government of Galicia 
(Xunta de Galicia) and the European Union through the predoctoral grant (reference ED481A-2018/162). María 
Bermúdez was supported by the EU H2020 research and innovation program under the Marie Skłodowska-
Curie Grant Agreement No. 754446 and the Research and Transfer Fund of the University of Granada - 
Athenea3i. 

 
REFERENCES  
Vicente-Serrano, S. M., Beguería, S., & López-Moreno, J. I. (2010). A multiscalar drought index sensitive to 

global warming: The standardized precipitation evapotranspiration index. Journal of Climate, 23(7), 
1696–1718. https://doi.org/10.1175/2009JCLI2909.1 

Vicente-Serrano, S. M., Martínez, E. A. R., Aguilar, E., Martínez, R., Martín‑Hernández, N., Azorin‑Molina, C., 
Sanchez‑Lorenzo, A., Kenawy, A. El, Tomás‑Burguera, M., Moran‑Tejeda, E., López‑Moreno, J. I., 
Revuelto, J., Beguería, S., Nieto, J. J., Drumond, A., Gimeno, L., & Nieto, R. (2017). The complex 
influence of ENSO on droughts in Ecuador. Climate Dynamics, 48(1–2), 405–427. 
https://doi.org/10.1007/s00382-016-3082-y 

WMO. (2006). Drought monitoring and early warning : concepts , progress and future challenges. World 
Meteorological Organization, 1006, 24. http://www.wamis.org/agm/pubs/brochures/WMO1006e.pdf 

 


