
 
 

 
 

 
Proceedings 2021, 65, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/proceedings 

 1 

Type of the Paper (Proceedings) 2 

Spatio-temporal assessment of meteorological drought in Puerto 3 

Rico between 1950 and 2019  4 

Rogert Sorí 1, 2 *, Rafael Méndez Tejeda 3, Milica Stojanovic 2, José Carlos Fernández-Alvarez 1, 4, Albenis Pérez-5 
Alarcón 1, 4, Raquel Nieto 1, and Luis Gimeno 1 6 

 1 Centro de Investigación Mariña, Universidade de Vigo, Environmental Physics Laboratory (EPhysLab), 7 
Campus As Lagoas s/n, Ourense, 32004, Spain; rogert.sori@uvigo.es (R.S.); jose.carlos.fernandez.alva-8 
rez@uvigo.es (J.C.F.-A.); albenis.perez.alarcon@uvigo.es (A.P.-A.); rnieto@uvigo.es (R.N.); 9 
l.gimeno@uvigo.es (L.G.);  10 

2  Instituto Dom Luiz, Faculdade de Ciências da Universidade de Lisboa, 1749-016 Campo Grande, Portugal; 11 
mstojanovic@fc.ul.pt (M.S) 12 

3   Research Laboratory in Atmospherical Science, University of Puerto Rico at Carolina, Carolina 00984, Puerto 13 
Rico; rafael.mendez@upr.edu (R.M-T) 14 

4   Departmento de Meteorología, Instituto Superior de Tecnologías y Ciencias Aplicadas, Universidad de La 15 
Habana, 10400, La Habana, Cuba 16 

*  Correspondence: rogert.sori@uvigo.es (R.S) 17 
† Presented at the title, place, and date. 18 

Abstract: The phenomenon of drought is one of the most dangerous for small islands because of its 19 
impacts on the freshwater availability. Thus, in this study was investigated the spatiotemporal evo-20 
lution of meteorological drought that affected the main island of Puerto Rico in the period 1950 – 21 
2019. To do it, the Standardised Precipitation-Evapotranspiration Index (SPEI) using monthly val-22 
ues of minimum and maximum temperature, and precipitation derived from Daymet Version 4 23 
daily data at a 1 km x 1 km spatial resolution was used. At 1-month temporal scale, the SPEI showed 24 
great temporal variability, but a clear tendency towards wetting in the last years of the study period. 25 
A total of 85 meteorological drought episodes were identified. The spatial analysis also revealed 26 
that major affectation by moderate drought conditions has occurred across the half west and south 27 
of the island, by severe drought also in the half west of the island but also along the eastern coast, 28 
and finally the extreme drought conditions, which have been less frequent, has principally affected 29 
the northeast of the country. A trend analysis of the area affected by moderate, severe, and extreme 30 
drought conditions revealed a tendency to decrease, which is reflected by the prevalence of positive 31 
spatial trends of the SPEI1 across the country.   32 

Keywords: drought, drought episodes, SPEI 33 
 34 

1. Introduction 35 

Drought is one of the most frequent and dangerous natural disasters. According to 36 
previous studies, the complexity of this phenomenon allows to separate it into meteoro-37 
logical, agricultural, hydrological, and socioeconomic droughts [1,2], a classification 38 
widely utilized. Meteorological drought is characterized by a prolonged absence or 39 
marked deficiency of precipitation and therefore is considered the trigger for the others 40 
types of droughts [3]. Because of this, many studies focus on investigating the meteoro-41 
logical droughts to assess the propagation of dry conditions, the occurrence of long-term 42 
drought events, and their impacts. However, the combination of rainfall deficits and in-43 
creased atmospheric water demand may lead to a prolonged and pronounced decline in 44 
soil moisture [4]. The atmospheric water demand is highly modulated by some factors 45 
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such as the temperature, which plays an important role in the modulation of local evapo-1 
transpiration, and consequently on the severity of drought. For this reason, drought indi-2 
ces that consider just precipitation may lack in the correct assessment of drought condi-3 
tions, particularly, in energy-limited regions. Despite this, drought indices based on pre-4 
cipitation along such as the Standardised Precipitation Index (SPI) [5] have been widely 5 
used and recommended by the World Meteorological Organization.  6 

Small islands are especially vulnerable to the impacts of severe drought due to the 7 
impact on the limited freshwater resources, which are crucial for social and economic ac-8 
tivities such as agriculture. The small archipelago of Puerto Rico, that located in the Car-9 
ibbean Sea and is commonly affected by drought [6, 7, 8]. During the 20th century, Puerto 10 
Rico has experienced periods of major droughts that have caused great economic, social, 11 
and agricultural consequences [9]. The period 1966 – 1968 has been one of the most severe 12 
because the mean annual rainfall was 32% below normal [7]. Between 2000 and 2016, 13 
92.01% of territory Puerto Rico experienced periods of drought; the most recent wide-14 
spread event was between 2014 – 2016, having as result water deficits in 86% of the is-15 
land’s territory and substantial losses in the agricultural sector [9, 10]. Over 13 million 16 
dollars in agricultural losses were reported in 2015, affecting mainly the livestock [10]. 17 
This highlights the region’s agricultural vulnerability and the growing need for adjust-18 
ment mechanisms that support sustainable production. Thus, drought remains like a per-19 
sistent issue affecting regional agricultural production, yet its effects on the region's agri-20 
cultural economy are still poorly understood. Therefore, in this study, we aim to investi-21 
gate the spatiotemporal evolution of meteorological drought in mainland Puerto Rico for 22 
the period 1950 – 2019. The statistical analysis will permit the identification of those re-23 
gions more frequently affected by drought conditions, and determine the trend of wet/dry 24 
conditions. Findings Méndez-Tejeda. [11] revealed that the average temperature in Puerto 25 
Rico has increased by 2.24 °C in the period 1950-2014. That is why the role of temperature 26 
in the identification of drought conditions will be taken into account.  27 

 28 
 29 
1.1 Region of study  30 

 31 
Puerto Rico is a small archipelago located in the humid tropics at a latitude of 18.25° 32 

(Figure 1) [12]. It is surrounded by the Atlantic Ocean, but on the south and west extends 33 
the Caribbean Sea. In this position, it lies directly in the path of the trade winds associated 34 
with the North Atlantic subtropical high-pressure system (NASH), which provides mois-35 
ture to precipitation [7, 8]. Besides, owing to its geographical location, Puerto Rico is ex-36 
posed to major tropical storms. Hurricanes, in particular, are one of the major environ-37 
mental disruptions in Puerto Rico, being capable to deliver a great amount of rainfall to 38 
the island [12, 13, 14].  39 

The entire center of the island is a continuous series of mountains that extend from 40 
east to west, named ‘‘La Cordillera Central’’, where highlights the mountain Cerro de 41 
Punta with 1338 m with the major altitude. The average rainfall in the northern part of the 42 
island is around 1550 mm while in the southern part is around 910 mm. Some coastal 43 
regions receive rainfall around 3810 cm per year while some areas in the mountains more 44 
than 5000 mm of rain annually [13].  45 

 46 
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Figure 1. Geographical location and elevation map of main island Puerto Rico from Lehner et al. 2 
[15].   3 

2. Methodology and datasets 4 

2.1. Identification of the drought episodes: the Standardised Precipitation-Evapotranspiration 5 
Index (SPEI) 6 

 7 
The Standardised Precipitation Evapotranspiration Index (SPEI) [16] is utilized to 8 

identify dry conditions in mainland Puerto Rico from 1950 to 2019. This index is based on 9 
the same methodology used to calculate the Standardised Precipitation Index (SPI) [5], 10 
but instead of using only precipitation data, the SPEI takes into account the effects of tem-11 
perature through the atmospheric evaporative demand or the evapotranspiration (Et0) in 12 
the climatic water balance represented in Eq. (1): 13 

                                 𝐷𝐷 = (𝑃𝑃 − 𝐸𝐸𝐸𝐸0)                             (1) 14 

where D represents the water balance over a given period, P is the precipitation, and Et0 15 
the evapotranspiration. Thus, the SPEI combines the water balance with the multiscalar 16 
nature of the SPI [17], which permits for the assessment of the response of different 17 
systems (eq. hydrological, and agricultural) to drought [18]. The Et0 was calculated using 18 
the Hargreaves method [19]. This method computes Et0 as a function of minimum and 19 
maximum temperature and extraterrestrial radiation. For the calculation of Et0 the 20 
equation 2 was used: 21 

                𝐸𝐸𝐸𝐸0 = 0.0023 ∗ 𝑅𝑅𝑅𝑅 ∗ �√𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇� ∗ (𝑇𝑇𝑇𝑇 + 17.8)                  (2) 22 

 23 
where 0.0023 is a constant value; Ra is the extra-terrestrial radiation (derived from the 24 
latitude and the month of the year); and Tx, Tn, and Tm are the maximum, minimum, and 25 
mean temperature, respectively. 26 

The SPEI has been widely used for identifying dry and wet conditions and evaluating 27 
drought severity in many regions of the world. We chose the SPEI at one-month time scale 28 
(SPEI1), which corresponds to the water balance for one month, the most appropriate time 29 
scale for identifying meteorological droughts. The classification of drought categories for 30 
SPI values proposed by [5] (Table 1) was used in this study. 31 

Table 1. Drought classification according to the classification proposed by McKee et al. [5].  32 

SPEI values Drought category 
0 to -0.99 Mild 
-1 to -1.49 Moderate 

-1.50 to -1.99 Severe 
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     ≤ -2 Extreme 
 1 

2.2. Datasets   2 

Daymet Version 4 monthly climate summaries for Puerto Rico, derived from Daymet 3 
Version 4 daily data at a 1 km x 1 km spatial resolution for three Daymet variables: mini-4 
mum and maximum temperature and precipitation [20] are used. Datasets are available for 5 
a long period of study (1950 – 2019). This database is based on a combination of interpolation 6 
and extrapolation, using inputs from multiple instrumented sites and weights for each site 7 
that reflect the spatiotemporal relationship. The approximate number of instrumental ob-8 
servations to use for each estimation is defined as a parameter for each of the primary Day-9 
met variables. More details about this dataset and previous versions are provided by 10 
Thornton et al. [20], Menne et al. [21], and Menne et al., [22]. Previous studies have also used 11 
this dataset to investigate the relationship between seasonal precipitation and thermody-12 
namic environment in Puerto Rico [23].   13 

 14 

3. Results and Discussion  15 

3.1. Temporal evolution of the SPEI at a 1-month temporal scale 16 

Figure 2a shows the temporal evolution of the SPEI1 from 1950 to 2019. As appreci-17 
ated, the variability of the series is high, although, highlights some periods such as 1963 18 
– 1969, 1980 – 1988, 1990 – 1998 because of the affectation of severe and extreme drought 19 
conditions. This is in agreement with previous findings that quantified a rainfall decrease 20 
over Puerto Rico between 1990 and 1997, which caused a severe drought, reducing the 21 
streamflow and the water reservoir, which affected more than 1 million people in the 22 
capital, San Juan [7]. A trend analysis for the whole period revealed a positive trend alt-23 
hough not statistically significant at p<0.05. However, a more in-depth study is being 24 
done to determine possible points of change in the series, and their respective trends. 25 

The temporal evolution of the area affected by each category of drought, according 26 
to the range of SPEI values (Table 1), and the sum of them, is shown in Figure 2b. The 27 
mild drought category is not considered in this analysis as it reflects normal conditions. 28 
A visual analysis confirms that along the study period the area affected by moderate, 29 
severe, and extreme drought conditions rarely exceeded 50% of the area of mainland 30 
Puerto Rico. In addition, the percentage of the area affected is higher for moderate 31 
drought conditions, followed by severe and lesser percentages for extreme drought. A 32 
trend analysis revealed a statistically significant (p< 0.05) decrease of the area (in %) of 33 
mainland Puerto Rico affected by moderate, severe, and extreme drought.  34 

For the whole period of study were identified 85 meteorological drought episodes 35 
that are listed in Table 2, as well as their duration, severity, and peak. The most severe 36 
(17.55) and longest (18 months) episode occurred from August 1993 to January 1995. This 37 
episode affected the entire year 1994, for which a significant rainfall deficit over Puerto 38 
Rico was reported [24]. The second most severe drought episode (12.8) affected the main-39 
land Puerto Rico from March 1967 to May 1968 (15 months), while the third most severe 40 
7.9) was identified from March 1991 to December 1991 (10 months). The duration of the 41 
remaining drought episodes was less than 10 months. The occurrence of other episodes 42 
such as the March/2015 – September/2015, and others during 1982 are in agreement with 43 
already reported severe dry conditions in Puerto Rico. Work is underway on seasonal 44 
drought analysis and the use of other SPEI time scales to investigate the occurrence of 45 
extreme drought conditions, such as those reported for the summer of 2015 [25].    46 

 47 
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 1 
Figure 2. Temporal evolution of the SPEI1 (a) and the area affected by moderate, severe, and 2 
extreme drought conditions and their sum. Period: 1950 - 2019.  3 

Table 2. Number of drought episodes that affected Puerto Rico between 1950 and 2019 ordered by 4 
date of occurrence. The information of the Onset, End, Duration (D) expressed in months, Severity 5 
(S), and Peak (P) is also provided.   6 

No Onset End D S P No Onset End D S P No Onset End D S P 
1 Mar-50 Mar-50 1 1.0 -1.0 30 Sep-73 Dec-73 4 2.7 -1.6 59 Apr-90 May-90 2 2.4 -1.6 
2 Feb-51 Mar-51 2 2.7 -1.4 31 Feb-74 Jul-74 6 5.5 -1.5 60 Jul-90 Aug-90 2 1.5 -1.4 
3 Oct-51 Nov-51 2 1.7 -1.2 32 Dec-74 Feb-75 3 1.7 -1.6 61 Nov-90 Nov-90 1 1.0 1.0 
4 Mar-52 Mar-52 1 1.1 -1.1 33 Apr-75 Aug-75 5 5.1 -1.6 62 Mar-91 Dec-91 10 7.9 -1.7 
5 Oct-52 May-53 8 7.7 -1.6 34 Jan-76 Jan-76 1 1.3 -1.3 63 Feb-92 Feb-92 1 1.1 -1.1 
6 mar-54 Mar-54 1 1.1 -1.1 35 May-76 Sep-76 5 6.0 -1.9 64 Aug-93 Jan-95 18 17.6 -2.0 
7 Nov-54 Apr-55 6 4.5 -1.3 36 Nov-76 Dec-76 2 2.9 -1.8 65 Mar-95 Apr-95 2 1.9 -1.5 
8 Jan-57 May-57 5 5.9 -1.8 37 Feb-77 Jun-77 5 5.6 -1.8 66 Oct-96 Oct-96 1 1.5 1.5 
9 Jul-57 Jul-57 1 1.1 -1.1 38 Dec-77 Jan-78 2 2.0 -1.3 67 Mar-97 Sep-97 7 7.5 -2.0 
10 Oct-57 Oct-57 1 1.1 -1.1 39 May-78 Sep-78 5 2.8 -1.0 68 Nov-97 Dec-97 2 2.7 1.3 
11 Oct-58 Dec-58 3 2 -1.5 40 Nov-78 Jan-79 3 2.2 -1.0 69 Feb-00 Apr-00 3 2.1 -1.1 
12 Dec-59 Mar-59 2 1.9 -1.4 41 Oct-79 Oct-79 1 1.1 -1.1 70 Jun-00 Jul-00 2 2.8 -1.9 
13 Jun-59 Jun-59 1 1 -1 42 Dec-79 Mar-80 4 2.5 -1.7 71 Jan-02 Feb-02 2 1.2 -1.0 
14 Oct-60 Oct-60 1 1.1 -1.1 43 Jun-80 Aug-80 3 3.5 -1.7 72 May-02 Dec-02 8 5.5 -1.3 
15 May-61 Jun-61 2 1.4 -1.3 44 Oct-80 Nov-80 2 2.4 -2.1 73 May-03 Sep-03 5 3.0 -1.1 
16 Nov-62 Dec-62 2 1.6 -1.4 45 Jan-82 Jan-82 1 1.2 -1.2 74 Aug-04 Aug-04 1 1.1 -1.1 
17 Oct-63 Mar-64 6 7.2 -1.9 46 Mar-82 Apr-82 2 2.6 -1.5 75 Feb-05 Mar-05 2 3.1 -2.0 
18 May-64 Jul-64 3 1.8 -1.6 47 Jun-82 Jun-82 1 1.4 -1.4 76 Feb-06 Feb-06 1 1.3 -1.3 
19 Sep-64 Apr-65 8 7.5 -1.9 48 Aug-82 Oct-82 3 3.0 -1.7 77 Aug-06 Feb-07 7 3.8 -1.1 
20 Jan-66 Feb-66 2 1.8 -1.1 49 Jan-83 Feb-83 2 4.0 -2.2 78 Jan-11 Feb-11 2 1.7 -1.3 
21 Aug-66 Aug-66 1 1.1 -1.1 50 Aug-83 Jan-84 6 3.9 -1.6 79 Jun-12 Jun-12 1 1.9 -1.9 
22 Mar-67 May-68 15 12.8 -1.6 51 Mar-84 May-84 3 3.6 -1.9 80 Sep-12 Sep-12 1 2.1 -2.1 
23 Sep-68 Oct-68 2 3.5 -2.6 52 Jul-84 Aug-84 2 1.9 -1.7 81 Nov-12 Feb-13 4 2.0 0.5 
24 Feb-70 Apr-70 3 3.8 -1.5 53 Jan-85 Jan-85 1 1.8 -1.8 82 Jan-14 Jan-14 1 1.0 -1.0 
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25 May-71 Sep-71 5 4.3 -2.5 54 Jun-85 Aug-85 3 3.0 -1.7 83 Mar-14 Jul-14 5 5.1 -1.7 
26 Apr-72 Sep-72 6 5.1 -1.4 55 Dec-85 Mar-86 4 3.2 0.8 84 Sep-14 Oct-14 2 1.4 -1.3 
27 Nov-72 Nov-72 1 1.1 -1.1 56 Jun-86 Oct-86 5 4.8 -2.6 85 Mar-15 Sep-15 7 6.9 -2.3 
28 Jan-73 Jan-73 1 1.5 -1.5 57 Jul-87 Oct-87 4 4.5 -1.9       
29 Mar-73 May-73 3 1.6 -1.5 58 Oct-89 Dec-89 3 3.9 1.3       

 1 

3.2. Spatial analysis of the SPEI1 2 

Figures 3a,b,c show the frequency of moderate, severe, and extreme drought condi-3 
tions according to the classification of the SPEI1 provided in Table 1, except for mild 4 
drought. It is noted that a major frequency of moderate drought prevailed in the western 5 
half of the island, but also along the southern coast. For severe drought, the major fre-6 
quency occurred in the west half of the island, but also along the east and south-east coast. 7 
However, the map of extreme drought frequency shows a different pattern, with the high-8 
est occurrence of months affected by extreme drought conditions is in the northeast of the 9 

island. As expected, the frequency of SPEI1 ≤ -1 (Figure 3d) also shows that the occurrence 10 
of drought conditions is more frequent in western mainland Puerto Rico. Indeed, the trade 11 
winds from the east, and the orographic effects from the Cordillera Central and the Sierra 12 
de Cayey mountains in Puerto Rico result in the greater amount of rainfall in the Sierra de 13 
Luquillo rainforest, in the eastern part of Puerto Rico [26]. Besides, during the cyclonic 14 
season, the tropical cyclones' rainfall contribution is also greater in the half-east of the 15 
country [14].  16 

 17 

Figure 3. Monthly frequency of moderate (a), severe (b), and extreme (c) drought conditions in mainland Puerto Rico and the fre-18 
quency of drought conditions considering the three categories (d). Period 1950 – 2019.   19 

A spatial trend analysis of the SPEI1 reveals positive values in the major part of main-20 
land Puerto Rico, which indicates an evolution towards wetting conditions during the 21 
period 1950 – 2019 (Figure 4). This increase is higher and statistically significant in the 22 
northeastern region, along the southern coast, and from the south to north in the central-23 
west region. Areas with negative trends are smaller and not as intense as the positive. This 24 
result is in agreement with previous studies. For a shorter period of study (1981–2019) has 25 
been documented a positive precipitation and soil moisture trend in mainland Puerto Rico 26 
[24]. For a region with a negative trend of the SPEI1 in the northeast (Figure 4) has been 27 
documented in contrast, an increasing trend of the precipitation in a shorter study period 28 
(2001 - 2013) [27]. A study carried out using other precipitation and temperature dataset 29 
to computed the Self-calibrating Palmer Drought Severity Index also showed that over a 30 
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long period of time (1950–2016) the trend was towards an increase in humid conditions in 1 
Puerto Rico [25].  2 

 3 

Figure 4. Linear trend of the SPEI1 between 1950 and 2019. The gray line encloses statistically sig-4 
nificant trends at p<0.05.  5 

4. Conclusions  6 

In this study was investigated the spatiotemporal evolution of meteorological 7 
drought in Puerto Rico through the Standardised Precipitation-Evapotranspiration index 8 
(SPEI) at 1-month temporal scale for the period 1950 to 2019. The high-resolution datasets 9 
utilized to compute this index together with the long period of study permitted an accu-10 
rate spatial assessment. A total of 85 drought episodes were identified, for which were 11 
calculated their main characteristics. The most severe occurred from August 1993 to Jan-12 
uary/1995 (18 months). The results also showed that moderate and severe drought condi-13 
tions are more frequent in the half west of mainland Puerto Rico; while extreme drought 14 
conditions have been less frequent but on the contrary, have mostly affected the northeast 15 
of the island. A trend towards wetting conditions was observed for the major part of main-16 
land Puerto Rico, and consequently a decrease of the area affected by moderate, severe, 17 
and extreme drought. However, a change-point analysis could be useful for identifying 18 
different trends signs across the territory. To deepen the results, the processes of temporal 19 
and spatial propagation of drought are under research, as well as their relationship with 20 
synoptic conditions and different modes of climate variability. 21 

 22 
 23 

Author Contributions: R.S, R.M-T, R.N and L.G conceived the idea of the study. R.S, R.M-T and 24 
M.S wrote the manuscript. M.S, R.S, J.C. F-A, A.P-A made the figures. All the authors discussed the 25 
results and revised the final document.  26 

Funding: This work also received partial support from the Xunta de Galicia under the Project 27 
516ED431C 2017/64–GRC Programa de Consolidación e Estructuración de Unidades de Investiga-28 
ción Competitivas (Grupos deReferencia Competitiva) and Consellería de Educación e Ordenación 29 
Universitaria.  30 

Acknowledgments: R.S and J.C.F–A. acknowledge the support from the Xunta de Galicia (Galician 31 
Regional Government) under the grants no. ED481B 2019/070 and ED481A–2020/193, respectively. 32 
M.S. acknowledge the Fundação para a Ciência e a Tecnologia (UIDB/50019/2020–IDL) and Funda-33 
ção para a Ciência e a Tecnologia and Portugal Horizon2020 project “Weather Extremes in the Euro 34 
Atlantic Region: Assessment and Impacts-WEx-Atlantic” (PTDC/CTA-MET/29233/2017). A.P–A. 35 
acknowledges the support from UVigo PhD grants.  36 

Conflicts of Interest: The authors declare no conflict of interest. 37 

 38 



Proceedings 2021, 65, x FOR PEER REVIEW 8 of 9 
 

 

References 1 

1. Wilhite, D.A.; Glantz, M.H. Understanding the drought phenomenon: The role of definitions. Water Int. 2015, 10, 111–120, 2 
doi.org/10.1080/02508068508686328. 3 

2. Mishra, A.K.; Singh, V.P. A review of drought concepts. J. Hydrol. 2010, 391, 202–216, https://doi.org/10.1016/j.jhy-4 
drol.2010.07.012. 5 

3. WMO (World Meteorological Organization). International Glossary of Hydrology 2012, 385.  6 
4. Miralles, D.G.; Gentine, P.; Seneviratne, S.I.; Teuling, A.J. Land-atmospheric feedbacks during droughts and heatwaves: state 7 

of the science and current challenges. Annals of the New York Academy of Sciences, 2019, 1436 (1), 19–35, 8 
https://doi.org/10.1111/nyas.13912.  9 

5. McKee, T.B.; Doesken, N.J.; Kleist, J. The relationship of drought frequency and duration to time scales. In Proceedings of the 10 
Eighth Conference on Applied Climatology, Anaheim, CA, USA, 17–22 January 1993; pp. 179–184. 11 

6. Colon-Dieppa, E.; Torres-Sierra, H. Puerto Rico Floods and Droughts, National Water Summary 1988–1989—Floods and 12 
Droughts—State Summaries. Washington, DC: U.S. Geological Survey, Water-Supply Paper, 1991, 2375, 475–482.  13 

7. Larsen, M.C. Analysis of 20th century rainfall and streamflow to characterize drought and water resources in Puerto Rico. 14 
Physical Geography, 2000, 21, 494–521. 15 

8. Torres-Valcárcel, A.R. Teleconnections between ENSO and rainfall and drought in Puerto Rico. Int. J. Climatol., 2018, 38: e1190-16 
e1204, https://doi.org/10.1002/joc.5444.  17 

9. Álvarez-Berríos, N.; Soto-Bayó, S.; Holupchinski, E.; Fain, S.; Gould, W. Correlating drought conservation practices and drought 18 
vulnerability in a tropical agricultural system. Renewable Agriculture and Food Systems, 2018, 1-13, 19 
doi:10.1017/S174217051800011X 20 

10. DRNA (Departamento de Recursos Naturales y Ambientales). Informe Sobre la Sequía de 2014–2016 en Puerto Rico. División 21 
Monitoreo Plan de Aguas, San Juan, Puerto Rico, 2016.  22 

11. Méndez-Tejeda, R. Increase in the Number of Hot Days for Decades in Puerto Rico 1950-2014. Environment and Natural Resources 23 
Research, 2017, 7, 3, 16-26.  24 

12. Daly, C.; Helmer, E.H.; Quinones, M. Mapping the climate of Puerto Rico, Vieques and Culebra. Int. J. of Climatology, 2003, 23, 25 
1359–1381. https://doi.org/10.1002/joc.937 26 

13. Miller, G.L.; Lugo. A.E. Guide to the Ecological Systems of Puerto Rico. General Technical Report IITF-GTR-35, International 27 
Institute of Tropical Forestry, United States Department of Agriculture, 2009.  28 

14. Fernández-Alvarez, J.C.; Sorí, R.; Pérez-Alarcón, A.; Nieto, R.; Gimeno, L. Affectation and Rainfall Contribution of Tropical 29 
Cyclones in Puerto Rico from 1980 to 2016. Environ. Sci. Proc., 2021, 4, 30. https://doi.org/10.3390/ecas2020-08130.  30 

15. Lehner, B.; Verdin, K.; Jarvis, A. New global hydrography derived from spaceborne elevation data. Eos, Transactions, AGU, 2008, 31 
89(10): 93-94. https://doi.org/10.1029/2008EO100001 32 

16. Vicente-Serrano, S.M.; Begueria, S.; Lopez-Moreno, A.J. A multiscalar drought index sensitive to global warming: The stand-33 
ardized precipitation evapotranspiration index. J. Clim., 2010, 23, 1696–1718. https://doi.org/10.1175/2009JCLI2909.1 34 

17. Beguería, S.; Vicente-Serrano, S.M.; Gracia, F.R.; Latorre, B. Standardized precipitation evapotranspiration index (SPEI) revis-35 
ited: Parameter fitting, evapotranspiration models, tools, datasets and drought monitoring. Int. J. Clim., 2014, 34, 3001–3023. 36 
https://doi.org/10.1002/joc.3887 37 

18. Vicente-Serrano, S.M.; Beguería, S.; Lorenzo-Lacruz, J.; Camarero, J.J.; López-Moreno, J.I.; Azorin-Molina, C.; Revuelto, J.; Mo-38 
rán-Tejeda, E.; Sanchez-Lorenzo, A. Performance of Drought Indices for Ecological, Agricultural and Hydrological Applications. 39 
Earth Interact. 2012, 16, 1–27. https://doi.org/10.1175/2012EI000434.1 40 

19. Hargreaves, G.H.; Samani, Z.A. Reference Crop Evapotranspiration from Temperature. Appl. Eng. Agric. 1985, 1, 96–99. 41 
https://doi.org/10.13031/2013.26773. 42 

20. Thornton, M.M., R. Shrestha, Y. Wei, P.E. Thornton, S. Kao, and B.E. Wilson. 2020. Daymet: Monthly Climate Summaries on a 43 
1-km Grid for North America, Version 4. ORNL DAAC, Oak Ridge, Tennessee, USA. https://doi.org/10.3334/ORNLDAAC/1855 44 

21. Menne, M.J.; Durre, I.; Korzeniewski, B.; McNeal, S.; Thomas, K.; Yin, X.; Anthony, S.; Ray, R.; Vose, R.S.;. Gleason, B.E.; Hou-45 
ston, T.G. Global Historical Climatology Network - Daily (GHCN-Daily), Version 3. NOAA National Climatic Data Center. 46 
Version 3.27-upd-2020020523, 2012. https://doi.org/10.7289/V5D21VHZ.  47 

22. Menne, M.J.; Durre, I.; Vose, R.S.; Gleason, B.E.; Houston, T.G. An Overview of the Global Historical Climatology Network-48 
Daily Database. J. of Atmospheric and Oceanic Technology 2012, 29, 897-910. http://doi.org/10.7289/V5D21VHZ 49 

23. Miller, P.W.; Mote, T.L.; Ramseyer, C.A. An Empirical Study of the Relationship between Seasonal Precipitation and Thermo-50 
dynamic Environment in Puerto Rico. Weather and Forecasting 2019, 34(2), 277-288. https://doi.org/10.1175/WAF-D-18-0127.1 51 

24. Jury, M.R. Resolution-Dependent Perspectives on Caribbean Hydro-Climate Change. Hydrology 2020, 7, 93, 52 
https://doi.org/10.3390/hydrology7040093.  53 

25. Herrera, D.; Ault, T. Insights from a New High-Resolution Drought Atlas for the Caribbean Spanning 1950–2016. J. of Climate 54 
2017, 30(19), 7801-7825. 55 

26. Gómez-Gómez, Fernando, Rodríguez-Martínez, Jesús, and Santiago, Marilyn, 2014, Hydrogeology of Puerto Rico and the out-56 
lying islands of Vieques, Culebra, and Mona: U.S. Geological Survey Scientific Investigations Map 3296, 40 p. plus 2 pls., 57 
http://dx.doi.org/10.3133/sim3296. 58 

https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1111/nyas.13912
https://doi.org/10.1002/joc.5444
https://doi.org/10.1002/joc.937
https://doi.org/10.3390/ecas2020-08130
https://doi.org/10.1029/2008EO100001
https://doi.org/10.1175/2009JCLI2909.1
https://doi.org/10.1002/joc.3887
https://doi.org/10.1175/2012EI000434.1
https://doi.org/10.3334/ORNLDAAC/1855
http://doi.org/10.7289/V5D21VHZ
https://doi.org/10.1175/WAF-D-18-0127.1
https://doi.org/10.3390/hydrology7040093


Proceedings 2021, 65, x FOR PEER REVIEW 9 of 9 
 

 

27. Van Beusekom, A. E.; González, G.; and Rivera, M. M. Short-Term Precipitation and Temperature Trends along an Elevation 1 
Gradient in Northeastern Puerto Rico. Earth Interactions, 2015, 19(3), 1-33. https://doi.org/10.1175/EI-D-14-0023.1.  2 

 3 
 4 
 5 
 6 

https://doi.org/10.1175/EI-D-14-0023.1

	1. Introduction
	2. Methodology and datasets
	2.1. Identification of the drought episodes: the Standardised Precipitation-Evapotranspiration Index (SPEI)
	𝐷=(𝑃−𝐸𝑡0)                             (1)
	where D represents the water balance over a given period, P is the precipitation, and Et0 the evapotranspiration. Thus, the SPEI combines the water balance with the multiscalar nature of the SPI [17], which permits for the assessment of the response o...
	𝐸𝑡0=0.0023∗𝑅𝑎∗,,𝑇𝑥−𝑇𝑛..∗,𝑇𝑚+17.8.                  (2)
	where 0.0023 is a constant value; Ra is the extra-terrestrial radiation (derived from the latitude and the month of the year); and Tx, Tn, and Tm are the maximum, minimum, and mean temperature, respectively.
	The SPEI has been widely used for identifying dry and wet conditions and evaluating drought severity in many regions of the world. We chose the SPEI at one-month time scale (SPEI1), which corresponds to the water balance for one month, the most approp...
	2.2. Datasets

	3. Results and Discussion
	3.1. Temporal evolution of the SPEI at a 1-month temporal scale
	Figure 2. Temporal evolution of the SPEI1 (a) and the area affected by moderate, severe, and extreme drought conditions and their sum. Period: 1950 - 2019.
	3.2. Spatial analysis of the SPEI1

	4. Conclusions
	References

