
4) Diurnal Rainfall Propagation:
• Two local rainfall maxima are observed (Figs. 1a and 2a). 
• MCS dominates the rainfall diurnal cycle and propagation (Figs. 1b and 2b). 
• Rainfall propagates offshore at 3-10 m s-1 near Andes (b1 and b2), but much 

faster at 25 m s-1 in offshore regions (b3 through b5), producing a long-
distance offshore propagation feature over 1200 km (Fig. 2).

5) Rainfall Contribution:
• The observed long-distance rainfall propagation over offshore regions is mainly 

a result of offshore MCS initiation than MCS propagation from Andes (b3 and 
b4 in Fig. 3).

• Significant rainfall contribution in offshore regions comes from MCSs initiated 
offshore during 04-10 UTC (23-05 LT, Fig. 4).

6) Pre-MCS Local Environment Change:
• Near-coast (<150 km) MCS composite: downward 

cooling trend from 400 hPa to 700 hPa, but stronger 
cooling developing from the surface starting from 8 
hours pre-initiation (Fig. 6a).

• Open-ocean (>300 km) MCS composite: significant 
downward cooling trend from 400 hPa to 700 hPa from 
5 hours pre-initiation (Fig. 6b).

1) Introduction:
• Northwestern South America is one of the rainiest spots 

on Earth. Rainfall over the region shows a strong diurnal 
cycle and long-distance offshore propagation, while the 
physical mechanisms have not been fully understood.

• Past studies hypothesize that diurnal gravity waves 
induced by heating and cooling of Andes mountains may 
play an important role (Mapes et al., 2003a, 2003b; 
Yepes et al., 2020). 

3) Datasets:
• NASA GPM-IMERG V06 (Huffman et al., 2020) 

precipitation dataset: March to May, 2001-2020.
• ECMWF ERA5 hourly reanalysis (Hersbach et al., 2020). 
• Cloud tracking and classification (Feng et al., 2021; Chen 

et al., 2022): (1) Mesoscale convective system (MCS); (2) 
non-MCS deep convection; (3) shallow convection and 
congestus.
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7) Roles of Land Breeze and Gravity waves:
• Near-coast MCS initiations are mainly triggered by land breeze (Figs. 

6a and 7). 

• Open-ocean MCS initiations are mainly triggered by gravity waves 
(Figs. 6b and 8).

• Two possible sources of gravity waves: Andes (h1 in Fig. 5, Fig. 8a) 
and Talamanca range (h2 in Fig. 5, Fig. 8b).

• A change in wave amplitude can be identified in their intersection, 
indicating potential wave interference in open-ocean regions.
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8) Conclusion and Future Work:
• Long-distance westward rainfall propagation is dominated by MCS. 
• Both MCS initiated from Andes and over ocean contribute to the 

rainfall propagation.
• Offshore MCS initiation: near-coast initiations are mainly triggered 

by land breeze, while open-ocean initiations are mainly triggered by 
the gravity waves from Andes and Talamanca range. 

• Further research on MCS initiation triggered by gravity waves will be 
conducted though numerical modeling.
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Fig. 1. Spatial diagram of (a) total rainfall and (b)-(d) rainfall from different types of cloud.

Fig. 3. Spatial diagram of MCS initiation location, time, and rainfall contribution to 

blue boxes in Fig. 1 with contribution percentage from onshore/offshore MCS.

Fig 8. Hovmoller (time-

distance) diagram of 
diurnal Θ perturbation 
taken at 600 hPa filtered 
by subtracting the mean 
across the wider 
dimension from (a) Andes 
mountains (h1 of Fig. 5) 
and (b) Talamanca range 
(h2 of Fig. 5) with 
reference speed (thick 
dashed line) and coastline 
(thin vertical dashed line) 
designation.

Fig. 5 (left). Topography map of the region of interest with 

offshore MCS initiation scatters within the black box in Fig. 3 and 
bands for Hovmoller diagram. 

Fig 7. Spatial diagram of hourly MCS rainfall (filled contour) with 950 hPa diurnal Θ perturbation (red contours, from -0.4 K to 0.4 

K, contour interval 0.1 K, zero contour omitted, and dashed contours negative), diurnal perturbation wind (black arrows), and near-
coast MCS initiation location (magenta scatters, as in Fig. 5).

2) Goal: Examine the long-distance rainfall propagation 

pattern and identify responsible mechanisms.

Fig. 4. Statistics of offshore MCS initiation time 

and counts within the black box in Fig. 3. 

Fig. 2. Hovmoller (time-longitude) diagram taken 

over the red band in Fig. 1 of (a) total rainfall and 
(b) rainfall from MCS.

Fig. 6 (right). Composite of potential temperature (Θ) tendency prior to MCS initiation for offshore MCSs that 

initiate (a) within 150km from the nearest coast (magenta scatters in Fig. 5) and (b) over 300km from the nearest 
coast (orange scatters in Fig. 5).
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