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Figure 3. Caribbean and surrounding region sea surface temperature anomalies observation: (a) annual SST 

anomaly 1982–2020 and (b) Late Rainfall Season SST anomaly 1982–2020. 
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Figure 4. Late Rainfall Season sea surface temperature averages for warming SST observation: (a) 1982–2000, 

(b) 2001–2020, and (c) convection threshold Area Index time series for the Caribbean and surrounding region. 

The color bar indicates the temperature (◦C). 

 

2.5.2 Galvez-Davison Index (GDI) for Tropical Convection Results 

 

Regional climatology results show that the GDI exhibits a bimodal pattern similar to the 

characteristic bimodal precipitation pattern experienced in the Caribbean and the surrounding 

region, seen in Figure 5. This is an interesting finding given the apparent independence of the 

variables. Additionally, the climatology for heat and moisture (CBI) is also bimodal as the annual 
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precipitation cycle in this region is dependent on heat and moisture availability. The climatology 

results for each sub-index (CBI, MWI, and II) are shown in Figure 6. 

 

Figure 5. The Galvez-Davidson Index (GDI) annual climatology (left) and the precipitation annual climatology 

(right) for the Caribbean and surrounding region (5◦–31◦ N, 100◦ W–55◦ W), also referred to as the Intra-

Americas Region (IAR), for base period 1982–2020. 
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Figure 6. Galvez-Davidson Index (GDI) and sub-index annual climatology results for the (a) the GDI, (b) 

Column Buoyancy Index (CBI), (c) the Mid-level Warming Index (MWI), and (d) the Inversion Index (II) for 

the Caribbean and surrounding region (5◦–31◦ N, 100◦ W–55◦ W) for base period 1982–2020. 

 

Regionally averaged annual trends for the GDI and each sub-index were calculated, shown in 

Figure 7, with p-values listed in Table 4. Results show the GDI is slightly decreasing over time, 

while the CBI, MWI, and II are gaining intensity. For example, the annual CBI trend shows an 

increase, thus reflecting an increase in heat and moisture in the region. However, the MWI and II 

are also intensifying. Since these are dampening factors, they are represented with negative values. 

Therefore, these sub-indices becoming more negative represent an intensification of their effects, 
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i.e., a potentially more stable atmosphere and hostile to development. For annual trends, only the 

CBI, MWI, and II were determined to be statistically significant. 

 

Figure 7. Summary of annual regional (spatial) averaged trends over 1982–2020 for (a) the Galvez- Davidson 

Index (GDI), (b) Column Buoyancy Index (CBI), (c) the Mid-level Warming Index (MWI), and (d) the 

Inversion Index (II). 

 

Table 4. List of p-values for regional (spatial) averaged GDI trends. 
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Trends per grid for each season were also calculated, shown in Figure 8. Additionally, the p-values 

for the regionally averaged values are listed in Table 5. The GDI shows increasing trends for the 

ERS and LRS and a statistically significant decreasing trend for the DS. However, all sub-indices 

reflect increasing trends for all seasons. Although the CBI, the enhancement factor that favors deep 

convection conditions, shows an increase, the MWI and II also increase in magnitude (they are 

becoming more negative). 

 

Figure 8. Regional trends (slope) per grid for the Galvez-Davidson Index (GDI) and individual sub-indices for 

the Column Buoyancy Index (CBI), the Mid-level Warming Index (MWI), and the Inversion Index (II). 
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Table 5. List of p-values for regional (spatial) averaged trends per season for the GDI and subindices. 

 

 

2.5.3 Correlation Analysis Results 

 

The regional GDI shows a higher correlation with precipitation compared to SSTs. Table 6 

summarizes the results for each season. Additionally, precipitation time series show relatively 

high, positive correlations with convection indices throughout the region (not shown). The GDI 

calculations are consistent with the pronounced role of cold upper troughs in ERS precipitation 

and the role of the trade wind inversion during the DS. Additionally, precipitation has a lower 

correlation during the LRS since processes such as warm convective processes and latent heat 

driven processes intervene in the variability of precipitation. Note that these results are based on 

the GPCP data at 2.5◦ resolution and do not capture local conditions. 

 

Table 6. Summary of regional precipitation correlations with SST and GDI (bold represents statistical 

significance at the 95% test level). 

 

Additionally, correlations between SSTs and GDI indices were examined. As seen in Table 7, 

statistically significant, high correlations are observed between SSTs and GDI sub- indices. The 

positive CBI correlations suggest that when SSTs increase, heat and moisture availability also 



24 

 

increase (and vice versa). Conversely, for the MWI and II, results suggest that if SSTs increase 

(decrease) these dampening factors become less (more) prominent. 

 

Table 7. Summary of regional sea-surface temperature (SST) correlations with the GDI. 

 

 

2.6      Discussion 
 

The Caribbean and surrounding region continues to reflect a warming trend since those last 

reported by Glenn et al. (2015) and more recently by The Climate Studies Group of UW-Mona 

(2020). The LRS, the season when SSTs are warmest for this region, is warming at a faster rate 

than other seasons. Increases in SSTs during the LRS are of particular importance because 

temperatures during this season reach 26.5 ◦C and above, which is the threshold generally 

considered for deep convection. Moreover, convection intensity rapidly increases when SSTs 

increase from 26.5 to 29.5 ◦C and the LRS reflects an increase in the size and presence of SSTs 

that reach this favorable range. 

A high value for GDI suggests a higher potential for deeper convection and associated heavier 

precipitation (see Table 1), while results for the individual sub-indices provide an insight into the 

main driving conditions for precipitation per season. The CBI is an enhancement factor for 

convection activity associated with precipitation, while the MWI and II are dampening factors. 

Results show the GDI is highest during the ERS (April to June), suggesting that from a regional 
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perspective this season has the highest potential for deep convective development. However, the 

LRS (August to November) experiences the most accumulated precipitation, although it has a 

slightly lower GDI than that of the ERS. This could be due to the MWI being more negative during 

the ERS. This indicates that precipitation in the LRS is mostly driven by heat and moisture 

availability (CBI), while the ERS convection is sensitive to 500 hPa instability associated with 

cold-core upper-level troughs (MWI). This is consistent with the climatology of the Caribbean 

mid-troposphere. The DS (December to March) is dominated by both dampening factors, 

experiencing a combination of less moisture available and a more stable atmosphere observed 

through the plots of CBI and II. These two sub-indices overwhelm the less negative values of 

MWI, which are usually related to a cooler and less stable mid-troposphere. 

A decreasing trend in GDI (convection potential) suggests a lower potential for deep convection. 

This is observed to a large extent in the case of ERS and DS when examining the spatial 

distribution of trends illustrated in Figure 8. This is particularly true for the eastern Caribbean and 

the Gulf of Mexico in the ERS and DS, and for the Lesser Antilles, northern South America, and 

northwest Caribbean/Bahamas during the DS. This is demonstrated at the local scale by Mote et 

al. (2017), who report the link between anomalously low GDI values and reduced ERS rainfall 

during a 2015 drought event in Puerto Rico. Additionally, the Climate Studies Group Mona (2020) 

report increases in the number of consecutive dry days between rainfall events, the amount of 

rainfall that occurs during a rainfall event, monthly maximum 1-day rainfall amount, and monthly 

maximum consecutive 5-day rainfall amounts for the region on average. Although the regional 

trends in CBI (heat and moisture) show an increase, the MWI and II are also increasing in 

magnitude (they are becoming more negative). This suggests that the dampening factors are 

dominating the effect of the increasing heat and moisture conditions. 


