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A B S T R A C T   

Study region: The studied region is the Greater Antilles (Cuba, Hispaniola, Jamaica and Puerto 
Rico) and the Lesser Antilles (Southern part of the Caribbean arc). 
Study focus: The performance of MSWEP, CHIRPS, PERSIANN-CDR, ERA-5 and GPM IMERG were 
evaluated to highlight their qualities and shortcomings and to guide researchers in the choice of 
these rainfall datasets to use for hydro-meteorological applications in this study area. Five 
quantitative (RMSE, KGE and his three components) and three qualitative (POD, FAR and CSI) 
statistical metrics are used to evaluate the amount and detection capacity of the rainfall datasets. 
Heavy rainfall percentiles are calculated to assess the ability of rainfall datasets to estimate rare 
and extreme rainfall. 
New hydrological insights for the region: MSWEP performs well for most statistical metrics and is 
recommended for most hydro-meteorological research. CHIRPS and PERSIANN-CDR performs 
well in estimating the annual rainfall seasonality and are recommended for research on water 
resources management (irrigation, energy production, etc.). CHIRPS also performs well in esti-
mating heavy rainfall percentiles and is also recommended for statistical research of heavy 
rainfall events. ERA-5 and GPM IMERG have a good ability to capture wet and dry days and is 
recommended for determination of climatic research or atmospheric sciences applications. 
However, bias reduction methods for these rainfall gridded datasets are advised before applica-
tions due to their low KGE and high RMSE.   

1. Introduction 

The Greater and Lesser Antilles region experienced 264 tropical cyclones between 1960 and 2013, accounting for 95 % of the total 
damage from all natural disasters in the region (Burgess et al., 2018). These tropical cyclones generate heavy rainfall events (Khouakhi 
et al., 2017) that cause large floods, whose intensities and frequency will tend to increase due to climate change (Peterson et al., 2002). 
Given the vulnerability of Greater and Lesser Antilles territories to hydro-meteorological hazards, rainfall databases are needed on a 
daily or sub-daily timescale to calculate relevant indices (e.g., the annual number of wet days above a certain threshold, 100-year 
rainfall maxima) to statistically characterize heavy rainfall events and to discuss their frequency and potential trends over time. 
Although rain gauges provide accurate local measurements of rainfall amount, they are not numerous enough in this region to reflect 
the high spatial and temporal variability of rainfall (Kidd et al., 2017; Villarini et al., 2008). This data scarcity is even more critical 
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when studying heavy rainfall events, which requires information on a fine spatiotemporal scale. In this context, remote sensing offers 
an opportunity to better study the spatiotemporal variability of precipitation (Griffith et al., 1978). Rainfall data obtained from remote 
sensing have the advantage of a wide spatiotemporal area coverage and have shown high potential for use in many applications (Dinku 
et al., 2007; Li et al., 2015), such as rainfall and flow forecasting, mapping heavy rainfall statistics, flood hazard mapping and many 
other hydrological applications (Mazzoleni et al., 2019; Wannasin et al., 2021). 

Currently, there are more than 10 precipitation products obtained by remote sensing available in the world, covering different 
periods and different spatiotemporal scales (Centella-Artola et al., 2020). These remotely sensed precipitation products were created 
mainly from (i) satellite data (infrared observations, passive microwave observations, soil moisture observations, etc.), (ii) combi-
nations of different data sources (satellite rainfall estimates [SRE], reanalysis rainfall products, observation data, etc.) or (iii) using 
atmospheric physics models coupled with reference data to create reanalysis products such as ERA-5 reanalysis. Several papers have 
evaluated the performance of such rainfall gridded datasets (RGD) at different spatiotemporal scales and in different climate regions 
(Baez-Villanueva et al., 2018; Prakash, 2019; Stampoulis and Anagnostou, 2012; Tan and Santo, 2018; Xu et al., 2017). Results 
indicate that the performance of the RGD is highly dependent on topography, geography and climate. Tang et al. (2019) evaluated the 
performance of four RGD in six climate regions in the Mekong Basin of Southeast Asia. The rainfall products were divided into seven 
classes, with the purpose of evaluating the ability of RGD products to estimate light and heavy rainfall in different climatic zones. The 
results showed that all four products performed differently in the six climate zones, although the RGD tended to perform better in wet 
climates than in dry climates. Alijanian et al. (2017) evaluated the performance of five RGD in eight climatic zones in Iran through 
correlation coefficient, root mean square error and relative error during the period 2003–2012. Their results showed that the per-
formance of RGD varies with climate zones, with better performance in very hot and humid climates. The same conclusions were 
drawn for heavy rainfall (rainfall above the 90th percentile) for two RGD in China by Fang et al. (2019). In addition to the influence of 
climate on the performance of RGD, Fang et al. (2019) showed that topography also has a significant influence on heavy rainfall 
estimation, with correlation coefficients that decrease with altitude. These few examples show the advantages and limitations of the 
RGD in the regions studied, and the need to evaluate their performance for the Lesser and Greater Antilles because the climate dy-
namics of these islands have a range of concurrent interactions between mid-latitudes and tropical features at all spatial scales 
(Martinez et al., 2019). 

In the Caribbean region, several studies have used RGD as baseline data to study spatial and temporal rainfall variability (Angeles 
et al., 2010; Jones et al., 2016; Jury, 2016), flood mapping (Bozza et al., 2016) and the dynamic mechanisms that determine the spatial 
and temporal patterns of the seasonal cycle (Martinez et al., 2019; Moron et al., 2016), but very few studies compared such databases 
with rainfall observations. in the Caribbean region, which including the Greater and Lesser Antilles. However, very few studies have 
evaluated their performance specifically in the Greater and Lesser Antilles. A first comparison between rainfall observations, rean-
alysis, satellite and coupled model datasets was performed by Jury (2009). The first part of the study aimed to evaluate in a qualitative 

Fig. 1. Location of the rain gauges, the two studied regions (Greater and Lesser Antilles) and of the principal countries and islands studied. 
Elevation of the SRTM database (Jarvis et al., 2008) is plotted in the background. 
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way the ability of RGD to capture several climatic features over the Caribbean region, and the second part of the study evaluated the 
ability of gridded rainfall to capture the annual rainfall cycle. More recently, a study evaluating the performance of 16 RGD on a 
monthly timescale was done by Centella-Artola et al. (2020) in the Caribbean. The results show that MSWEP is one of the best per-
forming RGD, and ERA-5 performed best among the reanalysis products. Both the evaluations by Jury (2009) and Centella-Artola et al. 
(2020) were done on a monthly timescale. Nevertheless, using long (typically several decades) temporal series at the daily or sub-daily 
timestep is required for hydrological studies dedicated to heavy rainfall and flood statistics. The performance of these rainfall gridded 
datasets products varies from one timescale to another, and they tend to perform better on a monthly than a daily timescale (Sultana 
and Nasrollahi, 2018; Tan et al., 2015). In this context, this work aims to evaluate the general performance of five rainfall gridded 
datasets (RGD) available at the daily time step over the period 1980–2019 (MSWEP, CHIRPS, ERA-5, PERSIANN-CDR and GPM 
IMERG). These four RGD are chosen according to (i) their performance in the Greater and Lesser Antilles on a monthly timescale 
(Centella-Artola et al., 2020) and (ii) their availability on a daily timescale over several decades. To our knowledge, this is the first 
study on the evaluation of RGD in the Greater and Lesser Antilles on a daily timescale, aiming to highlight the qualities and short-
comings of RGD over these poorly instrumented islands. This paper is structured as follows: Section 2 presents the study area, Sections 
3 and 4 present the data and methods used, Sections 5 and 6 present the results and discussion, and Section 7 presents conclusion to the 

Fig. 2. Periods of data availability for each of the rain gauge databases used.  
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paper. 

2. Study area 

The study area, shown in Fig. 1, is the region between North America and South America and includes the islands that are sur-
rounded by the Gulf of Mexico in the North-West, the Caribbean Sea in the South and the Atlantic Ocean in the East. These islands are 
often represented in two major groups: The Greater Antilles, grouping Cuba, Hispaniola, Jamaica and Puerto Rico and the Lesser 
Antilles, which is an island group located to the East and Southeast of the Caribbean Sea and composed of the islands of the Southern 
part of the Caribbean arc from Puerto Rico to South America. 

The Greater Antilles has a bimodal annual rainfall cycle, with a first rainy season in May and a second rainy season between 
September and November. This bimodal annual rainfall cycle is influenced by the NASH (North Atlantic Subtropical High; Davis et al., 
1997) and the CLLJ (Caribbean Low-Level Jet; Cook and Vizy, 2010). The Lesser Antilles has a unimodal annual rainfall cycle strongly 
influenced by the ITCZ (Intertropical Convergence Zone; Hastenrath, 2002), with peak rainfall in November. 

The heavy rainfall in the Greater and Lesser Antilles, observed between September and November, is strongly influenced by tropical 
cyclones of the North Atlantic. 85 % of intense tropical cyclones originate in East African Waves (Agudelo et al., 2011; Thorncroft and 
Hodges, 2001) coupled with the Atlantic Warm Pool (area with sea temperatures greater than 28.5 ◦C; Wang and Enfield, 2003) and 
the Intertropical Convergence Zone. 

Rainfall in the Greater and Lesser Antilles depends on dominant easterlies, topography, and land-sea interactions. The spatial 
pattern of rainfall in these islands is very inhomogeneous due to their complex topography (Cantet, 2017; Moron et al., 2015). Rainfall 
is relatively important (2 000–4 000 mm/year) in the higher elevations and windward parts (Smith et al., 2012). In contrast, annual 
rainfall can be as low as 500 mm/year in the leeward areas (Daly et al., 2003). 

3. Rainfall data used 

The rainfall data used in this study are classified into two categories: the rain gauge data that will be used as reference and the RGD 
(Rainfall Gridded Datasets). A short description of both types of rainfall dataset is provided below. 

3.1. Rain gauge data 

3.1.1. Presentation of the reference rain gauges 
The set of 146 rainfall series that we will use in this study comes from several institutions: Météo-France, the Hydrometeorological 

Unit of Haiti (UHM), the Caribbean Institute for Meteorology and Hydrology (CIMH), the National Oceanic and Atmospheric 
Administration (NOAA), the Meteorological Service of Jamaica (MetService), the Meteorological Institute of the Republic of Cuba 
(InsMet) and the National Meteorological Office of the Dominican Republic (ONAMET). Fig. 2 presents the gaps in the data availability 
for each dataset. 

3.1.2. Quality control of the reference rain gauges 
Rain gauge data are used as reference data to evaluate the performance of RGD in the Greater and Lesser Antilles. These reference 

data can have considerable measurement errors (Sevruk et al., 2009; Viney and Bates, 2004), therefore, quality control is an essential 
step before evaluating the RGD. To identify and discard periods or rain gauges with significant measurement errors, we used a pro-
cedure with the following steps (this method is inspired by that of Beck et al., 2019):  

a) Remove the rainy days with more than 1000 mm/d,  
b) Remove months with more than 20 days of missing data,  
c) Remove years with more than 200 days of missing data,  
d) Remove stations with less than 5 years of data,  
e) Test the uniformity of the data series from the annual sum of the stations by the method of cumulative residuals as described by Bois 

(1987). This method consists of plotting the cumulative residuals of the linear regression between a reference station and a station 
to be tested. The 90 % confidence intervals for the cumulative residuals of each year are plotted, to form a confidence ellipse inside 
which the curve of the cumulative residuals should remain. The reference station is a synthetic station formed by the median of the 
annual accumulations of all stations in the same country. 

19 of 146 rain gauges were removed after quality control testing on reference data. Among the 127 rain gauges remaining, 27 are in 
Guadeloupe, 25 in Martinique, 21 in Dominican Republic, 5 in Haiti, 4 in Cuba, 10 in Jamaica, 22 in Puerto Rico and 13 in small islands 
where CIMH provided rain gauge data. 

3.1.3. Independence of the rain gauges from the stations used for RGD development 
Of the five RGD used in our analysis, three RGD (MSWEP, CHIRPS and PERSIANN-CDR) have been used rainfall products derived 

from rain gauges such as GPCC (Schneider et al., 2014), GSOD (https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso? 
id=gov.noaa.ncdc:C00516), GHCN (Menne et al., 2012) and GPCP (Adler et al., 2003), and two RGD (CHIRPS and MSWEP) have been 
used rain gauges directly. The rain gauges used by CHIRPS are form Mexico, Central America, South America and sub Saharan Africa 

R. Bathelemy et al.                                                                                                                                                                                                    

https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00516
https://www.ncei.noaa.gov/access/metadata/landing-page/bin/iso?id=gov.noaa.ncdc:C00516


Journal of Hydrology: Regional Studies 43 (2022) 101203

5

(Funk et al., 2015) and not from the Greater and the Lesser Antilles. However, Beck et al. (2019) have been used daily rainfall series 
form the Greater and the Lesser Antilles to calibrate MSWEP rainfall dataset. We excluded the 24 rain gauges (Figure A.2 in appendix) 
identified as positioned within a 1-km radius from rain gauges mentioned as used within the MSWEP V2.8 dataset to ensure the in-
dependence of the rain gauges from the stations used for RGD development. Among the 103 rain gauges remaining, 27 are in 
Guadeloupe, 22 in Martinique, 19 in Dominican Republic, 5 in Haiti, 2 in Cuba, 10 in Jamaica, 6 in Puerto Rico and 12 in small islands 
where CIMH provided rain gauge data. 

3.2. RGD (Rainfall Gridded Datasets) 

3.2.1. Precipitation Estimation from Remotely Sensed Information using Artificial Neural Networks–Climate Data Record (PERSIANN-CDR) 
PERSIANN-CDR is a multi-satellite product that provides daily precipitation estimates with a spatial resolution of 0.25◦ from 1983 

onwards (Ashouri et al., 2015). The PERSIANN artificial neural model is pre-trained with NCEP (National Centers for Environmental 
Prediction) stage IV hourly precipitation radar data. Then, PERSIANN-CDR is generated by the PERSIANN algorithm using GridSat-B1 
infrared data Knapp (2008)). The final product is adjusted with the monthly GPCP (Global Precipitation Climatology Project) product 
to ensure that both datasets are consistent on a monthly scale. 

3.2.2. Climate Hazards Group Infrared Precipitation with Station data (CHIRPS) 
CHIRPS precipitation estimates (version 2) are available from 1981 onwards with a spatial and temporal resolution of 0.05◦/24 h 

(Funk et al., 2015). This database uses monthly precipitation climatology CHPClim (Climate Hazards Group Precipitation Clima-
tology), quasi-global geostationary thermal infrared satellite observations, Tropical Rainfall Measuring Mission’s (TRMM) 3B42 
product, atmospheric model rainfall fields from NOAA CFS (Climate Forecast System), and precipitation observations from different 
sources, including national or regional meteorological services. The CHIRPS production requires two steps. First, pentad (five-day) 
rainfall estimates are created from CCD (Cold Cloud Duration) which are obtained from regression models, and calibrated by using 
TRMM 3B42 pentad precipitation; these estimates are expressed as a percentage of normal precipitation by dividing the estimated 
values for regression models by their long-term averages (this outcome is names CHIRP). Then, in-situ observation from stations are 
blended with CHIRP data in order to produce CHIRPS. 

3.2.3. Multi-Source Weighted-Ensemble Precipitation (MSWEP) 
The second version of MSWEP, as described by Beck et al. (2017) is a global gridded dataset for the period 1979–2017 with a 

spatiotemporal resolution of 0.1◦/3 h. This dataset is derived by merging rainfall estimates based on rain gauges coming from different 
databases: [WorldClim (Fick and Hijmans, 2017), GHCN-D (Menne et al., 2012), GSOD (https://data.noaa.gov), and national data-
bases from different country], different SRE: [CMORPH (Joyce et al., 2004), GridSat (Knapp et al., 2011), GSMaP (Ushio et al., 2009), 
and TMPA 3B42RT (Huffman et al., 2007)] and reanalysis: [ERA-Interim (Dee et al., 2011) and JRA-55 (Kobayashi et al., 2015)]. 

To build MSWEP, Beck et al. (2019) was evaluated the performance of the gridded datasets using the correlation coefficient of the 
gridded data with the 3-day mean rainfall data. Next, the data were merged via weighted averaging using the interpolated weight maps 
deduced from the correlation coefficients. The biases of the merged data are corrected by a multiplicative approach used by Vila et al. 
(2009) to preserve the sub-daily rainfall distribution. 

3.2.4. ERA-5 
We use the fifth generation of the atmospheric global climate reanalysis ERA-5 available from 1980 onwards with a spatiotemporal 

resolution of 0.25◦/1 h (Hersbach et al., 2020). ERA-5 is produced by the European Centre for Medium-Range Weather Forecasts 
(ECMWF). This new reanalysis replaces the ERA-Interim reanalysis that started in 2006. ERA-5 benefits from decades of developments 
in the dynamics of data assimilation models and combines them with observations of wind, pressure, temperature, precipitation and 
humidity from several satellites and from observations near the earth’s surface and over the oceans, from upper air soundings and from 
atmospheric measurements from aircraft instruments. This is based on the hybrid 4D-Var data assimilation method using the Cy41r2 
cycle of the Integrated Forecast System (IFS) Cy41r2 (Hersbach and De Rosnay, 2018). 

3.2.5. NASA Global Precipitation Measurement (GPM) Integrated Multi-satellitE Retrievals for GPM (IMERG) 
The GPM IMERG was launched in February 2014 as the successor to TRMM, to provide the next generation of global precipitation 

products. It consists of one Core Observatory and approximately 10 constellation satellites. The Core Observatory carries a Ku/Ka-band 
dual-frequency precipitation radar and a multi-channel GPM IMERG microwave imager, extending the measurement range of TRMM 
instruments. GPM IMERG provides three levels of precipitation-related products. The level-3 products are produced with the IMERG 
algorithm, which intercalibrates and merges precipitation estimates from all constellation microwave sensors, microwave-calibrated 
infrared satellite estimates, and monthly gauge precipitation data (Hou et al., 2014). The GPM IMERG products, available from 2000 
onwards, offer a relatively fine spatial resolution of 0.1◦ × 0.1◦ and high temporal resolution of 30 min. The GPM IMERG Day 1 Final 
Run V6 data is used in this study. The Final Run product introduces GPCC rainfall dataset (Schneider et al., 2014) for bias correction, 
generally considered to be more accurate results than the near real-time products (Early and Late Run), and is thus widely used in 
hydrology and climate researches (Huffman et al., 2015). 

Table A.1 (in appendix) briefly lists the main characteristics of the selected gridded rainfall data – PERSIANN-CDR, CHIRPS, 
MSWEP, ERA-5 and GPM IMERG. 
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4. Methodology 

In this section, we describe the methodology designed to evaluate the performance of RGD in the Greater and Lesser Antilles. Four 
of the used RGD are available from 1980 (PERSIANN-CDR, CHIRPS, MSWEP and ERA-5), and GPM IMERG is available from 2000. 
GPM IMERG is a RGD widely used in hydrological applications (Li et al., 2021; Pradhan et al., 2021; Wang et al., 2022) and has thus 
being used in this study despite its shorter temporal extension. Thus, we evaluated the performance of four RGD (MSWEP, ERA-5, 
CHIRPS and PERSIANN-CDR) over the 1980–2019 period and all five RGD over the 2000–2019 period. First, the method used to 
compare RGD grid points and rain gauges temporal series is presented (subsection 4.1). Then, the different performance measures 
calculated are listed (subsection 4.2). 

4.1. Comparison between RGD grid points and rain gauges temporal series 

4.1.1. Point-to-pixel analysis 
A point-to-pixel analysis was applied to compare the time series of the reference rain gauge stations (i.e. the points) with the 

corresponding grid cell values (i.e. the pixels). This approach has been chosen over the pixel-to-pixel methodology (Saemian et al., 
2021) given the sparse rain gauges density over the studied region. Thus, the application of a pixel-to-pixel methodology requires to 
have a gridded reference dataset or to spatially interpolate reference rain gauges data. 

In the Lesser Antilles, particularly in the Martinique and Guadeloupe French Islands (cf. Figure A.3 in appendix), more than one 
rain gauge is counted on the same RGD pixel. For each RGD pixel containing more than one rain gauges, an area-weighted average of 
the considered rain gauge series has been performed using the Thiessen polygons (e.g. Liu et al., 2015; Tang et al., 2020). 

4.1.2. RGD upscaling 
The four RGD considered have different spatial resolutions. The point-to-pixel analysis has been performed (i) to the original RGD 

resolution, and also (ii) at a similar resolution of 0.25◦, which is the resolution of the ERA-5 and PERSIANN-CDR coarser RGD 
considered. Thus, an upscaling of the CHIRPS, and MSWEP datasets has been performed to a new spatial resolution of 0.25◦ by using 
bilinear interpolation (Baez-Villanueva et al., 2018). 

4.1.3. Use of two different rain gauges sets 
The MSWEP RGD has been produced considering different ground datasets, including several rain gauges (see subsection 3.1.3). 

Thus, this bias-corrected dataset is expected to better perform than the RGD that do not use rain gauge stations (e.g. Baez-Villanueva 
et al., 2018). To ensure the independence of the rain gauge stations used as reference in our study and those used during the RGD 
construction, we calculated the performances of the RGD on two different rain gauges sets. First, 103 rain gauges are considered 
excluding the 24 rain gauges identified as positioned within a 1-km radius from rain gauges mentioned as used within the MSWEP V2.8 
datasets. Then, all the 127 rain gauges are considered. The excluded rain gauges are identified in the Figure A.2 in appendix. 

4.2. Evaluation of the RGD performances 

The RGD were evaluated along four characteristics:  

a) General performance.  
b) Reproduction of wet and dry days.  
c) Reproduction of rainfall seasonality.  
d) Estimation of heavy rainfall. 

4.2.1. General performances of the RGD 

4.2.1.1. Performances at the daily time steps. The general performance of the RGD are evaluated at the daily time-step by five statistical 
metrics:  

a) the root mean square error (RMSE [mm/d]),  
b) the correlation coefficient (R [-]),  
c) the α coefficient (α [-]): ratio of the standard deviation of the RGD to the standard deviation of the observations,  
d) the β coefficient (β [-]), ratio of the mean of the RGD to the observations,  
e) the Kling and Gupta Efficiency score (KGE [-], Gupta et al., 2009). 

The KGE score is widely used in hydrology in order to compare observations with model simulations (e.g. Arciniega-Esparza et al., 
2022; Mathevet et al., 2020), and is also used the context of RGD comparison with rain gauges series (e.g. Baez-Villanueva et al., 2018; 
Centella-Artola et al., 2020; Saemian et al., 2021). The KGE is a combination of the R, β and α coefficients, and thus evaluates the 
general performance of the RGD in reproducing rainfall in the Greater and the Lesser Antilles. The optimal values of the α, β coefficients 
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Fig. 3. General performance of the RGD on a daily timescale via 5 statistical metrics in the Greater Antilles and Lesser Antilles. These boxplots offer 
a summary of the distribution of the scores calculated on each of the 103 considered rain gauges: the center line indicates the median, the red point 
indicates the mean, the edges of the box are the 1st quartile and the 3rd quartile, the ends of the box define a threshold that cannot exceed 1.5 times 
the interquartile range, and the black points, if any, are points that are outside the threshold of the box. 

R. Bathelemy et al.                                                                                                                                                                                                    



Journal of Hydrology: Regional Studies 43 (2022) 101203

8

and of the KGE criteria are 1. The correlation coefficient is used to evaluate the linear relationship between the RGD and the rain 
gauges, the results vary between − 1 and + 1, where − 1 indicates a perfect negative correlation while + 1 indicates a perfect positive 
correlation. The α coefficient evaluates the dispersion of the RGD compared to the observed data. The β coefficient evaluates the bias of 
the RGD by measuring the average tendency of the RGD values to overestimate (β > 1) or underestimate (β < 1). The root mean square 
error is used as a measure of the average absolute error; an optimal value for RMSE is 0 mm/d. 

4.2.1.2. Performances at the monthly and annual time steps. General performances of the RGD are also evaluated at the monthly and 
annual timesteps, by estimating R, α and KGE on monthly and annual time series (Kuentz et al., 2015). Note that β has the same value 
on these different timescales. 

4.2.2. Rainfall detection 
Three categorical statistics criteria are used to evaluate the capacity for RGD to detect wet and dry days. There are four possible 

cases (Mashingia et al., 2014): i) the RGD detects rainfall that is really observed; ii) the RGD detects rainfall that is not observed; iii) the 
RGD does not detect rainfall that is observed; and iv) the RGD and rain gauge do not detect any rainfall. Based on these cases, the 
following categorical statistics are evaluated:  

a) The probability of detecting rainfall (POD [-]),  
b) The false alarm rate (FAR [-]),  
c) The critical success index (CSI [-]). 

The probability of detection measures the capacity of the RGD to correctly detect the rainfall observed, the results are between 
0 and 1 (optimal value). The false alarm rate measures the proportion of days in which the RGD measures rainfall that was not observed 
by the rain gauges, results are between 0 (optimal value) and 1. The critical success index illustrates the fraction of observed rain that 
was correctly detected by the RGD, the optimal value of the critical success index is 1 (Alijanian et al., 2017). Table A.2 (in appendix) 
lists the statistical metrics used to evaluate the RGD over the Lesser and the Greater Antilles. 

4.2.3. Rainfall seasonality 
Annual rainfall cycles are calculated with the 15-day aggregated rainfall data for the 103 reference rain gauges and on the RGD 

pixels corresponding to these reference data. Below the 15-day aggregation, the annual rainfall patterns are noisy and of little interest. 
The finest timescale relevant to present the annual rainfall pattern is the 15-day aggregation. The result is averaged over the Greater 
and the Lesser Antilles to highlight the annual rainfall pattern and to assess the ability of the RGD to reproduce the rainfall seasonality 
in the area study. 

4.2.4. Heavy rainfall statistics 
The ratios of the 90th and 99th rainfall percentiles and the maximum annual rainfall of each reference rain gauge to the corre-

sponding RGD are calculated to estimate the ability of the RGD to assess heavy rainfall in the Greater and Lesser Antilles. A ratio greater 
than 1 indicates an overestimation of RGD and a ratio below 1 indicates an underestimation of RGD. Lastly, the summary statistics such 
as average, maximum and standard deviation were calculated for selected rainfall percentiles of the rainfall datasets. 

5. Results 

5.1. Evaluation of the RGD performances over 1980–2019 

5.1.1. RGD general performance on a daily timescale 
Fig. 3 summarizes the performance of the RGD in estimating daily rainfall in the Greater and Lesser Antilles through the KGE 

criterion and its components (correlation coefficient, dispersion and bias) and the mean square error, using the 103 considered rain 
gauges. Overall, the performance over the Greater and Lesser Antilles are not significantly different. MSWEP is the most correlated 
with the reference data with a correlation coefficient of 0.5 in the Greater Antilles and slightly less in the Lesser Antilles. MSWEP has a 
good dispersion and a low bias, with α and β coefficients close to 1. These relatively good values of R, α and β coefficients combine to 
produce a relatively good KGE for MSWEP, with values between 0.45 and 0.5 in the Greater and Lesser Antilles. ERA-5 is the second 
most correlated RGD with the reference data with correlation coefficients between 0.35 and 0.4 but that, the dispersion around the 
mean value of ERA-5 is low (α near to 0.5) and a priori the estimates of ERA-5 are relatively uniform and are unable to capture heavy 
rainfall well, as shown in Fig. 8 and Fig. 9. ERA-5 underestimates the reference data with biases (β) between 0.65 and 0.75. This 
weakness in the dispersion around the mean value and underestimation of the reference rainfall makes ERA-5 the worst performing 
RGD, with KGE between 0.1 and 0.15. PERSIANN-CDR has a better KGE score than CHIRPS in the Lesser Antilles, mainly due to a better 
correlation of PERSIANN-CDR compared to CHIRPS. However, in the Greater Antilles, the R, α and β coefficients and thus the KGE 
scores of PERSIANN-CDR and CHIRPS are similar. Overall, the performance of CHIRPS in the Lesser and Greater Antilles is impaired by 
its low correlation coefficient with the reference data, but the lack of performance of ERA-5 is influenced by their low dispersion 
around the mean value (α near to 0.5). The RMSE coefficient is relatively low for ERA-5 and PERSIANN-CDR and is about 11 mm/d. In 
contrast, the RMSE coefficient is very high for CHIRPS and is about 17 mm/d. 
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Fig. 4 shows a spatial representation of the performance results of the four RGD via the KGE statistical metric. In general, the KGE 
score tends to be relatively high in the Eastern Greater Antilles (Dominican Republic and Puerto Rico) in particular in Puerto Rico and 
in the North of the Lesser Antilles including Guadeloupe and the KGE score is relatively low in the West of the Greater Antilles, notably 
in Haiti and Jamaica, and in the North of the Lesser Antilles including Martinique. MSWEP shows the same spatial pattern in the 
Greater Antilles but the KGE scores are almost uniform in the Lesser Antilles and have no particular spatial pattern. 

5.1.2. RGD rainfall detection capacity evaluation indices 
The ability of the RGD to identify wet and dry days is presented in Fig. 5. 
ERA-5 then MSWEP have a good capacity to reproduce the rainy days observed on the ground for the Lesser and Greater Antilles 

(POD > 0.9 for ERA-5 and POD > 0.75 for MSWEP, that is, on all the wet days recorded by the rain gauge, 90 % were detected by ERA- 
5 % and 75 % by MSWEP). The false alarm rate is on average 0.5 in the Greater Antilles and 0.25 in the Lesser Antilles: out of all the wet 
days detected by an RGD, 50 % were not observed in the rain gauges of the Greater Antilles and 25 % in the Lesser Antilles. The fraction 
of rainfall observed and correctly detected by the RGD, represented by the CSI coefficient, was 0.5 for MSWEP and ERA-5 in the Greater 
Antilles and 0.65–0.7 for MSWEP and ERA-5 in the Lesser Antilles, and in the range of 0.25–0.30 for CHIRPS and PERSIANN. In 
summary, ERA-5 is the best performing RGD to identify wet and dry days before MSWEP with a very high POD and a similar CSI 
although FAR of ERA-5 is higher than MSWEP. In contrast, CHIRPS is the least efficient RGD to identify wet and dry days with low POD 
and CSI. These results are very important as these RGD may be used to calculate extreme climate indices such as the annual number of 
wet days above a certain threshold, annual number of wet days, or the maximum number of consecutive dry days and therefore the 
results obtained should be adjusted accordingly. 

5.1.3. RGD general performance on daily, monthly and annual timescales 
In this section, we present, in addition to the daily timescale evaluated in Sections 5.1.1 and 5.1.2, the ability of the RGD to estimate 

rainfall on monthly and annual timescales using the KGE criterion and their R, α and β components. The biases β is not shown in Fig. 6 
because it is constant on daily, monthly and annual timescales. The dispersion α changes slightly on daily, monthly, and annual scales, 
with ERA-5 showing low dispersion around the mean value (relatively uniform rainfall) at all three timescales. Only the correlation 
coefficient affects the performance of the RGD at the three temporal scales studied. All RGD correlate very well with the reference 
rainfall data on a monthly scale with correlation coefficient values that reach, on average, 0.75 for MSWEP in the Greater Antilles and 
for all RGD in the Lesser Antilles. The correlation coefficients on an annual scale are slightly worse than those on a monthly scale but 
significantly better than the daily scale correlation coefficients (R>0.7 at the monthly time scale and R<0.5 at the daily time scale; see 
Fig. 6). Although the correlation coefficients of all RGD are better on monthly and annual scales, the KGE scores of ERA-5 in the Greater 
Antilles and ERA-5 and PERSIANN-CDR in the Lesser Antilles are significantly reduced because of their biases and their low α coef-
ficient at daily, monthly and annual scales. 

Fig. 4. Spatial distribution of KGE scores for 4 RGD in the Greater and Lesser Antilles.  
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5.1.4. The annual rainfall cycle 
The reference rainfall series as well as the corresponding RGD pixels were aggregated over a 15-day period, and the annual average 

rainfall cycle was calculated for each aggregated data series. Then, the annual rainfall cycles were averaged for the Greater and Lesser 
Antilles (see Fig. 7). The results show that the average annual rainfall cycle in the Greater Antilles is divided into 4 seasons with two 
rainfall peaks during the year. Winter dry season (WDS) from late November to mid-March with an average rainfall of 3 mm/d, early 
rainy season (ERS) from mid-March to mid-May with a peak rainfall of about 7 mm/d, mid-summer drought (MSD) from mid-May to 
early August which is a less rainy season interspersed between the two heavy rainy seasons with a rainfall of a little over 4 mm/d and 
late rainy season (LRS) from early August to late November with an average rainfall of 7 mm/d. These four seasons are also observed in 
the Lesser Antilles, however, with the MSD season being wetter than the ERS season. As a result, the Lesser Antilles has an increasing 
rainfall from WDS to reach a peak of about 8 mm/d in late October to early November. All the RGD have well captured the general 
pattern of the mean annual cycle well, with a bimodal precipitation cycle (a peak of rainfall in mid-May and a late rainy period from 
August to November) in the Greater Antilles and of the unimodal cycle in the Lesser Antilles. In the Greater Antilles, the rainfall 
amounts of the MSWEP, CHIRPS and PERSIANN-CDR from mid-May to early November are in very good agreement with the reference 
data, but these RGD underestimate the rainfall from November to early May. All RGD strongly underestimate rainfall in the Lesser 
Antilles except CHIPRS, which reproduces the annual rainfall cycle very well. ERA-5 and PERSIANN-CDR capture the amplitude of the 
rainfall in the Lesser Antilles very poorly. 

5.1.5. Heavy rainfall performance indices 
In this section, we will present the ability of the studied RGD to estimate heavy rainfall accurately, by studying their 90th and 99th 

percentile rainfall and their maximum annual rainfall. 
Fig. 8 gives a spatial representation of the ratios, r, of 90th percentiles of the RGD estimates to the reference data and thus shows the 

areas where the 90th percentile rainfall is overestimated or underestimated by the RGD. Areas of underestimation (r < 1) of the 
reference data are represented by dots and areas of overestimation (r > 1) are represented by triangles. Overall, the RGD tend to 
slightly underestimate the 90th percentile rainfall in the study area and especially in the Lesser Antilles and the Eastern part of the 

Fig. 5. RGD capacity to indicate dry and wet days with 3 categorical statistical metrics in the Greater Antilles and Lesser Antilles. These boxplots 
offer a summary of the distribution of the scores calculated on each of the 103 considered rain gauges: the center line indicates the median, the red 
point indicates the mean, the edges of the rectangle are the 1st quartile and the 3rd quartile, the ends of the lines define a threshold that cannot 
exceed 1.5 times the interquartile range, and the black points, when they exist, are points that are outside the threshold of the box. 
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Greater Antilles, but all the RGD systematically overestimate the reference data in the north of Haiti and south-east of Cuba, and 
sometimes in Jamaica. Although RGD tend to underestimate the 90th percentile rainfall, MSWEP and CHIRPS have a good ability to 
estimate the 90th percentile rainfall (r close to 1) in the eastern part of the Greater Antilles and in the northern part of the Lesser 
Antilles. This spatial variability of heavy rainfall is fairly well measured by CHIRPS with, however, an overestimation of the 90th 
percentile rainfall in the Lesser Antilles and a little less well by MSWEP with an underestimation of the heavy rainfall percentiles. ERA- 
5 and, to a lesser extent, PERSIANN-CDR strongly underestimate heavy rainfall percentiles and are unable to represent them spatially 
over the Greater and Lesser Antilles. 

The results of the RGD performance in estimating heavy rainfall are summarized in Fig. 9. The gray horizontal line delineates the 
area where the RGD overestimate the reference percentiles (area above the line) from the area where the RGD underestimate the 
reference percentiles (area below the line). RGD are generally better at estimating heavy rainfall in the Greater Antilles than in the 
Lesser Antilles. CHIRPS and MSWEP perform well in estimating heavy rainfall percentiles in the Greater Antilles and somewhat less 
well in the Lesser Antilles. In general, all RGD tend to underestimate the 90th and 99th rainfall percentiles and the maximum annual 
rainfall in the Greater and Lesser Antilles except CHIRPS which overestimates these heavy rainfall percentiles in the Lesser Antilles. 

Fig. 6. RGD performance on daily, monthly and annual timescales using the KGE criteria in the Greater Antilles and Lesser Antilles. These boxplots 
offer a summary of the distribution of the scores calculated on each of the 103 considered rain gauges: the center line indicates the median, the red 
point indicates the mean, the edges of the rectangle are the 1st quartile and the 3rd quartile, the ends of the lines define a threshold that cannot 
exceed 1.5 times the interquartile range, and the black points, when they exist, are points that are outside the threshold of the box. 
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Fig. 7. Reference data and RGD annual rainfall cycle in the Greater Antilles and Lesser Antilles (1980–2019 period).  

Fig. 8. Spatial distribution of the ratios (r) of 90th rainfall percentile of RGD to reference data in the Greater and the Lesser Antilles. Underesti-
mation is represented by circles and overestimation is represented by triangles. 
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ERA-5 underestimates by half the percentiles of heavy rainfall in the Greater and Lesser Antilles and is the least efficient of the four 
RGD. 

The 5 %, 25 %, 50 %, 75 % and 95 % rainfall percentiles are calculated for the 103 considered rain gauges and corresponding RGD 
pixels in the Greater and Lesser Antilles. The mean, maximum and standard deviation values of each rainfall database used are pre-
sented in Table A.3 in appendix. The results show that on average more than 75 % of the days during our study period had rainfall less 
than 5 mm/d and these low rainfall events are well captured by ERA-5 and PERSIANN-CDR. In contrast, CHIRPS, MSWEP and 
PERSIANN-CDR tend to capture the heavy rainfall percentiles, with CHIRPS overestimating heavy rainfall percentiles and MSWEP and 
PERSIANN-CDR underestimating them. Although PERSIANN-CDR gives good estimates of heavy rainfall percentile values, it strongly 
underestimates the maximum values. 

5.1.6. Performance of original and upscaled RGD 
The statistical metrics described in the methodology section are computed for the RGD with their original spatial resolution (see 

subsections 4.1.2 and 4.2.1) and additionally computed for a shared spatial resolution upscaled to 0.25◦. We present in Fig. 10 the 
results for two quantitative metrics (the RMSE and the KGE) and the three qualitative metrics (POD, FAR and CSI) for the original and 
upscaled MSWEP and CHIRPS RGD (the original ERA-5 and PERSIANN-RGD are already at 0.25◦ so they are not upscaled). A decrease 
of the RMSE values is observed for the upscaled RGD, which is much more pronounced for CHIRPS, especially in the Lesser Antilles. In 
general, we observe a decrease in the KGE metric for the upscaled RGD, except for CHIRPS in the Lesser Antilles. Overall, the upscaled 
RGD have a better ability to detect rainy days and dry days, represented by a higher POD and CSI, despite the fact that the FAR 
increased for CHIRPS in the Greater Antilles. 

Fig. 9. Ratio of 90th and 99th rainfall percentiles and annual maximum rainfall of the RGD to the reference rainfall data in the Greater Antilles and 
Lesser Antilles. These boxplots offer a summary of the distribution of the scores calculated on each of the 103 considered rain gauges: the center line 
indicates the median, the red point indicates the mean, the edges of the rectangle are the 1st quartile and the 3rd quartile, the ends of the lines define 
a threshold that cannot exceed 1.5 times the interquartile range, and the black points, when they exist, are points that are outside the threshold of 
the box. 
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Fig. 10. Performances of the original and upscaled MSWEP and CHIRPS RGD.  
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Fig. 11 shows the rainfall regime pattern of the original and upscaled RGD. The patterns obtained at the 0.25◦ resolution are 
generally similar to these obtained at the original spatial resolution, with an overall underestimation of rainfall for the upscaled RGD. 
The rainfall is strongly underestimated, particularly in the rainy season (September to November) in the Lesser Antilles. Although the 
RGD underestimate the rainfall, they correctly capture the rainfall regime (Fig. 11) for the two spatial resolutions. These results show 
that the rainfall regime pattern is more sensitive to the spatial scale variation of the RGD in the Lesser Antilles than in the Greater 
Antilles. 

5.1.7. Performance of three rain gauges sets 
The performance of the four RGD is evaluated using the sets of rain gauges described in Section 4.1.3. The first subset (subset 1, see 

Fig. 12) consists of 103 rain gauges excluding the 24 rain gauges used in MSWEP, the second subset (subset 2) consists of only the 24 
rain gauges used in MSWEP, and the third subset consists of all the rain gauges (subset 1 + 2). The results are presented in Fig. 12 for 
the KGE criterion, which synthesizes the performance of three statistical metrics and is a good tool to evaluate the overall performance 
of the RGD (the results of all 5 quantitative statistical metrics for subsets 1 were presented in Fig. 3, while the results for subsets 1 + 2 
are presented in the Appendix in Figure A.1). Clearly, the performance of MSWEP is much better than the other three RGD for subset 2 
(Fig. 12), because these rain gauges are used to calibrate MSWEP. The ranks of performance of the RGD with subset 1 and subset 1 + 2 
are similar, with a somewhat better performance of MSWEP with subset 1 + 2. 

5.2. Evaluation of the RGD performances over 2000–2019 

Fig. 13 presents the performance of the five RGD over 2000–2019 using five statistical metrics. The results shown in Fig. 13 do not 
show any significant difference in terms of MSWEP, CHIRPS, PERSIANN-CDR and ERA-5 RGD performance over the two time periods 
studied. GPM IMERG has difficulty to quantify rainfall volume in our study area, with the highest RMSE in the Greater Antilles, 
negative KGE in both the Greater Antilles and Lesser Antilles, and poorly represents heavy rainfall (not shown) although its perfor-
mance is better than ERA-5 and PERSIANN-CDR. However, GPM IMERG has a good ability to detect rainy and dry days, with POD and 
CSI scores better than CHIRPS in the Greater Antilles and CHIRPS and PERSIANN-CDR in the Lesser Antilles. 

GPM IMERG has difficulty representing the rainfall regime in the Greater and Lesser Antilles, as shown in Fig. 14. The May rainfall 
peaks are captured late (around June and sometimes early July) by GPM IMERG. November rainfall peaks in the Lesser Antilles are 
captured early (late August to early October) by GPM IMERG. In addition, GPM IMERG underestimates the rainfall pattern in the 
winter dry season (WDS) and overestimates the rainfall regime from May to November. 

Fig. 11. Reference data and RGD annual rainfall cycle in the Greater Antilles and Lesser Antilles for the original RGD (left) and the upscaled 
RGD (right). 
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6. Discussion 

6.1. Comparison of RGD performances 

The performance of the RGD over the studied region reflects the philosophy behind their design. MSWEP was designed for 
operational research in hydrology to improve our understanding of hydrological processes and enhance hydrological model perfor-
mance (Beck et al., 2019). Thus, MSWEP has been produced by merging gridded rainfall data and daily rainfall data. Therefore, 
MSWEP performs well in most of the statistical metrics considered. CHIRPS is designed for monitoring extremes, which is why CHIRPS 
gives good estimates of heavy rainfall percentiles over the studied region. The performance of PERSIANN-CDR is poor over our study 
area. This poor performance of PERSIANN-CDR might be due to the data used to construct precipitation datasets. PERSIANN-CDR has 
used an algorithm based on artificial neural networks with trained by the stage IV radar data but this radar data itself is biased (Habib 
et al., 2009; Sharif et al., 2020). In addition PERSIANN-CDR used mainly infrared (IR) data that provide a measure of cloud top 
brightness temperature, which correlates with the probability of cloud precipitation (Brochart and Andréassian, 2014). But the per-
formance of an IR-based algorithm is less accurate for some types of cloud: warm rain clouds and cold high cirrus, non-raining clouds 
(Ashouri et al., 2015) Reanalysis products are designed to study climate variability on a large spatio-temporal scale and have wide 
application in atmospheric sciences. This explains the good ability of ERA − 5 to detect rainfall occurrences (high POD) but due to its 
too coarse spatial resolution, ERA-5 underestimates the rainfall amplitude in our study area. 

The poor performance of GPM IMERG can be explained because it is a purely satellite-based RGD and does not use reference rain 
gauges to calibrate its estimates. Pradhan et al. (2022) have reviewed the performance of GPM IMERG at the global scale and show that 
GPM IMERG does not perform well to represent heavy and light rainfall, especially at the daily and sub-daily scales. Despite its 
limitations, the fine spatio-temporal resolution of GPM IMERG and its improvement with each new version (Pradhan et al., 2022) 
reveals a promising path for current and future applications. 

6.2. Are RGD limitations over Lesser and Greater Antilles site-specific? 

Although MSWEP is the best performing RGD, the general performances obtained over the Greater and Lesser Antilles are lower 
than performances obtained by MSWEP over other regions: in Southeast Asia (Tang et al., 2019), Iran (Alijanian et al., 2017) and 
Austria (Sharifi et al., 2019), correlation coefficients obtained by comparing MSWEP and rain gauges at the daily timestep are 
generally greater than 0.75, while these correlation coefficients are less than 0.6 in the Caribbean. This can be explained by the fact 
that most satellite products have difficulty observing local convection systems in the Caribbean islands (Jury, 2009). 

Fig. 12. KGE scores obtained by 4 RGD over both Greater and Lesser Antilles considering 3 subsets of rain gauges: subset 1 is composed by 103 rain 
gauges, subsets 2 consists in 24 rain gauges used in MSWEP, and subset 3 consists in all the 127 rain gauges. 
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The winter dry season (WDS; Fig. 7) in the Greater Antilles is underestimated by all four RGD while the other three seasons are well 
reproduced. These results corroborate the work of Brochart and Andréassian (2014) who showed that low rainfall tends to be 
underestimated by RGD in French Guyana. 

The four RGD overestimate the rainfall percentiles in the area between the western part of Hispaniola and eastern Cuba (Fig. 8). 
This corroborates the result of Jury (2009) showing that remotely sensed rainfall products fail to capture the low rainfall area between 
Haiti, Cuba and Jamaica, due to the mountainous terrain rising to 2000 m in a northwest-southeast axis extending for 200 km, creating 
a significant wind and rain shadow towards Jamaica and Cuba. 

The topography is very complex and influences the spatial pattern of rainfall. However, the rain gauges used in our study are mostly 
located in low-lying areas and this is of little relevance to study the relationship between topography and rainfall. The use of the Digital 
Terrain Model (DEM) in the Greater and Lesser Antilles to study the spatial variability of rainfall and to evaluate the performance of the 

Fig. 13. Performance of the five RGD over 2000–2019.  
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RGD in relation to the topography is an interesting perspective. 

6.3. Limitation of the point-to pixel comparison 

The point-to-pixel comparison allows to compare the point data of the rain gauges to the area data of the RGD. The comparison of 
the performances of the original and upscaled RGD allows to evaluate the impact of the spatial resolution of the RGD on their per-
formance and thus to evaluate the limit of the point-to-pixel approach. There was no clear trend in the impact of the spatial resolution 
of the RGD on their performance. For the two quantitative metrics used, we observed a decrease in KGE (except for CHIRPS in the 
Lesser Antilles), and an improvement in RMSE for the upscaled RGD. The RMSE strongly penalizes errors on heavy rainfall, but the 
RGD upscaled tend to smooth heavy rainfall and therefore, the RMSE is less penalizing with the RGD upscaled. This may explain the 
better RMSE score for the upscaled RGD. Therefore, caution should be used when evaluating the performance of RGD using RMSE 
(Baez-Villanueva et al., 2018) as the results may not reflect the real performance of RGD. The ability of RGD to capture both rainy and 
dry days is improved for upscaled RGD. This can be explained by the RGD being averaged over a larger area and therefore having a 
higher number of rainy days than the original RGD. This could either increase the number of days of rainfall detected by the RGD and 
rain gauges and/or decrease the number of days of rainfall detected by the rain gauges and not by the RGD and therefore increase the 
POD and/or CSI. 

The underestimation of rainfall cycle pattern by the RGD, particularly in the Lesser Antilles (Fig. 11), can be explained by the spatial 
resolution of the RGD, which is too coarse compared to the surface area of the Lesser Antilles islands (e.g. 1128 km2 for Martinique). 
Indeed, the largest spatial resolution of the RGD is 0.25◦ (more than 650 km2) which represents more than half the area of Martinique. 
The RGD rainfall is therefore averaged over too large an area and does not adequately capture the rainfall peaks and its spatial 
variability in this region. 

6.4. Uncertainty of the reference rain gauge observations? 

The spatial patterns of the KGE score show that KGE scores are systematically higher in some countries (Puerto Rico and 
Martinique) than in others (Haiti and Jamaica for example) for all RGD. The results may well show a good performance of the RGD in 
the East of the Greater Antilles and the North of the Lesser Antilles. However, this result should be taken with caution as we have 
assumed that the observed rainfall series is the reference, without taking into account uncertainty of these reference series. Moreover, 
the best KGE scores are obtained for countries whose meteorological services have well documented and good quality reference data 
such as NOAA and Météo-France. Thus, there is a possibility that the spatial pattern of KGE scores may reflect countries with good 
quality reference data. 

In our study, the effect of using a large number of reference rain gauges in the Lesser Antilles and a small number of reference rain 
gauges in the Greater Antilles was not evaluated, particularly on the underestimation of the rainfall cycle in the Lesser Antilles. 

Fig. 14. Reference data and RGD annual rainfall cycle in the Greater Antilles and Lesser Antilles (2000–2019 period).  
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Fig. A1. General performance of the RGD on a daily timescale via 5 statistical metrics in the Greater Antilles and Lesser Antilles. These boxplots 
offer a summary of the distribution of the scores calculated on each of the all 127 rain gauges: the center line indicates the median, the red point 
indicates the mean, the edges of the box are the 1st quartile and the 3rd quartile, the ends of the box define a threshold that cannot exceed 1.5. 
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Nevertheless, Centella-Artola et al. (2020) considered a larger number of rain gauges over the Greater Antilles and showed that RGD 
underestimate the rainfall cycle in the Lesser Antilles, particularly during the rainy season (September to November). 

7. Conclusion 

In this study, the performance of five Rainfall Gridded Datasets (RGD) - namely MSWEP, CHIRPS, PERSIANN-CDR, ERA-5 and GPM 

Fig. A2. - Position of the rain gauges constituting the three subsets: The first subset consists of 103 rain gauges excluding the 24 rain gauges used in 
MSWEP, the second subset (subset 2) consists of only the 24 rain gauges used in MSWEP, and the third subset consists of all the rain gauges (subset 
1 + 2). 

Fig. A3. All the 127 rain gauges and the PERSIANN-CDR grid cells.  
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IMERG were evaluated using 103 rain gauges in the Lesser and Greater Antilles, with the aim of highlighting the qualities and 
shortcomings of these RGD on a daily timescale and to guide researchers in the choice of RGD to use for hydrometeorological ap-
plications in this study area. To our knowledge, this is the first work done on RGD data on daily timescale in this region. For hy-
drological applications in the Greater and Lesser Antilles or on a watershed scale, the use of MSWEP is recommended due to its high 
KGE score and high spatio-temporal resolution (0.1◦ and 3 h). On the other hand, CHIRPS, ERA-5, GPM IMERG and PERSIANN-CDR 
are not recommended due to their low KGE score and/or coarse spatial resolution, which are not appropriate for the Greater and Lesser 
Antilles countries. For climatological applications, mainly to calculate climatic indexes such as number of rainy days exceeding a 
threshold, number of consecutive rainy days, etc. ERA-5, GMP IMERG and MSWEP are recommended due to their better POD and CSI 
scores. MSWEP, CHIRPS and PERSIANN-CDR are recommended in the Greater and Lesser Antilles for research on water resources 
management for irrigation, energy production, industry, etc. due to their ability to represent the annual rainfall seasonality. For 

Table A1 
Summary of the selected satellite products.  

Satellite product Temporal resolution Spatial Resolution Period 

PERSIANN-CDR Daily 0.25◦ 1983-present 
CHIRPS Daily 0.05◦ 1981-present 
MSWEP 3 hourly 0.10◦ 1979–2017 
ERA-5 1 hourly 0.25◦ 1979-present 
GPM IMERG Half-hour 0.10◦ 2000 - present  

Table A2 
List of statistical metrics used to evaluate RGD performance. Xi represents rain gauge data, X represents mean rain gauge data, Yi represents RGD data, 
Y represents mean RGD data, n represents the data length available, a represents rainfall detected both by the rain gauge and the RGD, b represents 
rainfall detected by the rain gauge but not by the RGD and c represents rainfall detected by the RGD but not by the rain gauge.  

Statistical metrics Units Equations Perfect Values 

RMSE mm/d ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i=1(Yi − Xi)
2

n

√ 0 

R – ∑n
i=1(Xi − X)(Yi − Y)

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i=1(Xi − X)
2

√ ̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i=1(Yi − Y)
2

√
1 

α – 
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i=1(Yi − Y)
2

√

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i=1(Xi − X)
2

√

1 

β – Y
X  

1 

KGE – 1 −

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

(1 − R)2
+ (1 − α)2

+ (1 − β)2
√ 1 

POD – a
a + b  

1 

FAR – c
a + c  

0 

CSI – a
a + b + c  

1  

Table A3 
Summary table of statistics (mean values, maximum values and standard deviation) of some rainfall percentiles in the Greater and Lesser Antilles. The 
expression tr symbolizes the rainfall as a trace.  

Data base test 5% 25% 50% 75% 90% 95% 99% 

Rain gauge Mean tr tr  0.5  3.69  13  22  54 
max tr tr  4.33  12.9  29  42  92 
Standard deviation tr tr  0.9  2.66  6  8  13 

MSWEP Mean 0 tr  0.6  3.1  10  18  45 
max 0 tr  2.1  6.6  19  34  86 
Standard deviation 0 tr  0.5  1.7  4  7  17 

ERA-5 Mean tr tr  1.5  3.4  8  11  23 
max tr tr  4.1  8.4  14  19  36 
Standard deviation tr tr  0.6  1.2  2  3  4 

CHIRPS Mean 0 0  0  1.8  14  26.3  65 
max 0 0  0  8.1  3  57  138 
Standard deviation 0 0  0  2.6  5  10  24 

PERSIANN-CDR Mean 0 0  0.2  3.4  10  18  40 
max 0 0  1.4  7.7  17  27  55 
Standard eviation 0 0  0.3  1.9  3  4  7  
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applications on heavy rainfall statistics, CHIRPS and MSWEP are recommended for their good capacity to estimate the percentiles of 
heavy rainfall. In summary, MSWEP is recommended for most hydrometeorological applications in the study area because of its good 
performance for almost all statistical metrics and its good spatio-temporal resolution. 

This work provides a guide to users of rainfall data in the Lesser and Greater Antilles on their choice of RGD to use in countries with 
very limited rainfall data, such as Haiti, taking into account the benefits and drawbacks of each RGD. The evaluation of these RGD 
performances might be extended on the studied region using other validation metrics based on different parameters such as satellite- 
derived soil moisture products or rainfall-runoff modeling (Gampe and Ludwig, 2017; Musie et al., 2019). No tests have evaluated the 
RGD performance in measuring light rainfall, which would be useful for drought monitoring. This work could be a good direction for 
future research. Finally, the use of such RGD as inputs of rainfall-runoff models for flood forecasting, flood mapping or hydraulic 
structure design is an interesting application of this work. 
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