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Abstract:  

The study of the interaction of weather and climate features of the Intra Americas Sea have 

risen several fundamental questions in the recent decades. Here we focus on how the 

development of the North American Monsoon (NAM) is dominated by the Caribbean and 

tropical Atlantic. Using a long term basis analysis of moisture supply to the NAM domain 

based upon FLEXPART Lagrangian trajectories, the role of the moisture supply from the 

Caribbean Sea and the Gulf of Mexico previous to the monsoon onset is analyzed. 

Regardless the NAM area requires the input from other sources, it is the eastern source 

which provides the required supply to activate the land moisture processes over the Sierra 

Madre region. In this work we explore how the Western Hemisphere Warm Pool (WHWP) 

increases the moisture content of the lower troposphere. The role of the Caribbean ow Level 

Jet (CLLJ) as a moisture conveyor to the eastern Sierra Madre region is also analyzed. The 

study includes an insight of the moisture transport process under warm and cold ENSO 

events.  
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1. Introduction 

At the end of boreal spring, a monsoon-like anticyclone develops near the south 

of Mexico (at 200hPa) with a northward migration. The anticyclone is associated 

with heavy rainfall over north-western Mexico and south-western United States of 

America. This seasonal feature, known as the North American Monsoon (NAM) 

accounts for approximately 40% of the summer local rainfall and even up to 70% in 

some regions of Mexico [1].  Different analysis of the sources of moisture for the 

NAM have shown that the overall moisture input for the monsoon is composed by 

local continental evaporation and transport from adjacent oceanic regions [2] [3].  

Previous studies have highlighted the importance of the Gulf of Mexico as a 

moisture source [4] [5]. Despite several aspects of the NAM such as rainfall intensity 

effects [6], sensitivity to interannual variability [7] and climate influence [8] modes 

are relatively well known, few studies have addresses the role of the moisture 

supply for the monsoon activation. Based on observational datasets, the moisture 

flux was analyzed by [9], and his results showed that moisture flux from the Gulf of 

Mexico across the Tehuantepec region was sustained during the rainy period.   The 

distribution of SST has been also subject of analysis regarding the NAM, [2] analyzed 

how the tropical Pacific SSTs play a role through different teleconnection patterns to 

changes in the monsoon ridge position.  Here we combine a Lagrangian trajectories 

based analysis of moisture sources for precipitation on the NAM core with WHWP 

and CLLJ indices as well as gridded rainfall products to evaluate to which extent the 

WHWP and the CLLJ may modulate the moisture supply from the eastern source, 

namely Gulf of Mexico, during the NAM.  In addition, the response of the sources 

of moisture to low frequency variability modes is also considered. 

2. Data and Methods  

  

The present study includes different precipitation products, reanalysis, climate 

indices (summarized in Table 1) as well as a Lagrangian backward trajectories 

dataset.  

Table 1. Datasets used in this study. 

Variable Dataset Resolution Reference 

precipitation CHIRPS 
Daily 

 0.05°  gridded 
[10] 

SST OAFlux 
Monthly 

1°  gridded 
[11] 

Zonal wind ERA Interim  0.75°  gridded [12] 

MEI index - monthly [13] 

PDO index - monthly [14] 
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The zonal wind was used to compute the Caribbean Low Level Jet (CLLJ) index, 

defined as the area averaged of zonal wind between 12N-16N and 80W-70W. With 

the OAFlux SST dataset, two separate indices for the Pacific and Atlantic 

components of the WHWP were computed as the area enclosed by the 28.5 C 

isotherm following [15]. The global Lagrangian backward trajectories dataset 

computed using the Lagrangian particle dispersion model FLEXPART version 8 

[16]. The model was initialized with ERA-Interim Reanalysis data [12] using analysis 

every 6 h and 3-hourly forecasts at the intermediate times as explained in [17].  The 

method developed by [18] was implemented to identify the sources of moisture 

linked to the NAM core area (shown in red in Figure 1) during the days that rainfall 

exceeded a threshold of 5 mm/day based on gridded precipitation [10]. 

 

 

Figure 1. The NAM core analysis area was defined for the region for 

which the heaviest rainfall is observed during the active rainy season.   

Backward trajectories analysis was performed considering the red line 

polygon as target area of the moisture sources supply. It is worth 

noticing that the analysis region includes the western portion of the 

Sierra Madre mountain range and extends over part of the western 

Sonoran Desert.  

  

 

 

 

 

3. Results and discussion 

 

The tropical belt is featured by a maximum of incoming solar radiation (ca. 240 

Wm2, in the IAS region, the SST is warmer in the vicinity of the eastern tropical 

Pacific, the Caribbean Sea and the Gulf of Mexico. The warmer SST region is 

regarded as the WHWP and has been defined as enclosed by the 28.5 C isotherm 

[15]. It is the second largest warm water body on Earth after the Indo-Pacific Warm 

Pool and has a marked seasonal cycle. Warmer temperatures are phased 

sequentially from the Eastern North Pacific (ENP) and west of Central America to 

the IAS. Figure 2 shows the long term mean averaged area of the Pacific (A) and 

Atlantic (B) components of the WHWP. The activation of the Pacific component 

during the spring time is clear, however the Atlantic component, active during 

summer, doubles the size of the Pacific counterpart.  
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Figure 2. Long term mean annual cycle of the area enclosed by the 28.5 C isotherm for the eastern tropical Pacific (A) and 

the Caribbean Sea (B) computed from the OAFlux dataset for the 1980-2015 time span. 

  

The long term mean moisture flux analysis is featured by convergence/divergence 

pattern between western Mexico and the region extending from the Gulf of Mexico 

to north-eastern Mexico. The trajectories based analysis show that considering the 

10 days history of the air particles, the moisture exports peak at 6 days and after the 

6th day the additional moisture supply decreases significantly from the oceanic 

sources.   During late spring, as the NAM activates, local moisture surface exports 

and evaporation over the Gulf of California represent the main moisture source for 

the NAM core region. Notice however that the moisture sources analysis for the 

NAM region is focused on the oceanic sources, since continental moisture supply 

relies on evapotranspiration which is not resolved with the implemented 

methodology. As the rainfall over the NAM region increases, the Pacific slope 

moisture supply decreases and exports from the Gulf of Mexico and the Caribbean 

Sea become a significant contribution. The oceanic sources of moisture follow the 

warmer SSTs distribution in the region and their annual cycle nearly follows the 

WHWP components. Moisture from the Gulf of Mexico and the Caribbean Sea 

becomes important during July, as the moisture transport is sustained by the 

northward branch of the CLLJ.   

 

Figure 3. Spatial correlation between the overall moisture supply from the Gulf of California (A) and the Gulf of Mexico 

(B) with SST during May (A) and June (B). 
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Despite the Atlantic component of the WHWP sustains the moisture flow to the 

western Sierra Madre aided by the CLLJ as a conveyor structure, it is the 

development of the Pacific component which provides favorable warm SSTs south 

of the Gulf of California. Figure 3 shows a large relationship between the late spring 

time moisture supply from the Gulf of California with the Pacific component of the 

WHWP, whereas moisture supply from the Gulf of Mexico is strongly favored by 

the summer shifting of the Atlantic WHWP component. 

 

Besides the average moisture supply to the NAM development, the effect of ENSO 

is also considered. Here we focus on the structure of the moisture transport from the 

Gulf of Mexico and the inner Caribbean region (averaged between 10 and 28 N) 

during summer, period of the CLLJ main peak. During the peak of the NAM, 

influence of the cold phase on the moisture supply from the Gulf of California is 

relatively small compared to the mean climatology. The effect of ENSO for the Gulf 

of Mexico source is larger. The overall contributions from the Gulf of Mexico and 

the Caribbean Sea increase during July for warm ENSO events. Figure 4 shows the 

vertical structure of composited cold A (warm B) ENSO events for July along with 

composited averaged zonal wind. Results show how moisture transport doubles its 

intensity during warm ENSO compared to cold events. The increase in the moisture 

supply from the Gulf of Mexico and the Caribbean Sea to the NAM core is strongly 

sensitive to the nearly 2-3 m/s average increase in the zonal easterly winds. 

 

 

Figure 4. Vertical structure of moisture transport for cold (A) and warm (B) ENSO events during July shown in shaded 

contours (color scale for easterly flow and gray scale for westerly flow). Line contours for composited zonal winds averaged 

between 10 and 15 N.   
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4. Conclusions 

The implemented approach is useful to evaluate general features of the moisture 

supply during the monsoon development. It also gives a good representation of the 

variability of the NAM in terms of the contributions to precipitation from the oceanic 

sources of moisture. The good agreement between the results derived from the 

moisture supply estimates and different studies performed on the variability of the 

NAM is encouraging on the application of this methodology. The WHWP plays a 

relevant role for the NAM rain as it provides moisture for the NAM activation from 

its Pacific component late in spring and later on in summer the Atlantic component 

provides moisture to sustain the supply to the eastern Sierra Madre region. 
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