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ABSTRACT: The topography and abundant moisture supply of the Maritime Continent (MC) combine to produce copious precipitation amounts as sea breezes converge and interact with mountains. Therefore, the MC is a good 

region to study the topographical effects on precipitation. To do this, two sources of monthly precipitation data from 1998-2007, were used for the MC: the Tropical Rainfall Measuring Mission (TRMM) satellite and the 

APHRODITE system of rain gauges (APHRODITE: Asian Precipitation – Highly Resolved Observational Data Integration Towards Evaluation of Water Resources). The highest density of rain gauges was on the relatively flat 

Indochina Peninsula (approximate maximum elevation of 1500 meters), while the lowest density was on the island of New Guinea (mountainous with approximate max at 4000 m). Because of this, rain gauge measurements 

showed minimal evidence of topographic influence, while the TRMM data showed significant evidence, especially over New Guinea, where patterns of sea breeze convergence along mountain slopes could be seen. By using the 

root mean square error and the correlation between TRMM and rain gauge measurements at different elevation intervals, a transition between topographic influence on precipitation and insufficient rain gauge density could be 

seen at the 1350-1500 meter interval. With these limitations in mind, several conclusions were made. Mountainous terrain receives higher precipitation amounts than flat land, and, in the case of the MC, mountains only enhance 

precipitation. The TRMM satellite gives higher precipitation values than rain gauge measurements, notwithstanding whether the rain gauge density is high or low, and, therefore, more rain gauges are needed, especially in the 

higher elevations, to improve climate models and forecasts.

INTRODUCTION

The Maritime Continent (MC) is the area of land and sea located 

just north of Australia at the equator between the western Pacific 

Ocean and the eastern Indian Ocean. It is made up of island 

nations, including Papua New Guinea, Indonesia, Malaysia, 

several other countries, and the countries of the Indochina 

Peninsula: Vietnam, Laos, and others. Precipitation on the MC is 

mainly due to sea breezes and orographic lifting (Neale, 2003). 

The sea breeze brings moist surface winds from the ocean to the 

land. When wind is forced up a mountain (orographic lifting), the 

air cools and water vapor condenses, forming clouds and, if 

enough moisture is present, precipitation in the higher elevations. 

Sea breezes can also converge over mountains, reducing rain 

shadows and enhancing precipitation over land (Qian, 2008).

DATA and METHODS

To see the effects of topography on precipitation, two sources of 

monthly precipitation data (in units of mm/day) were used: the 

Tropical Rainfall Measuring Mission (TRMM) satellite and the 

APHRODITE system of rain gauges (APHRODITE: Asian 

Precipitation – Highly Resolved Observational Data Integration 

Towards Evaluation of Water Resources). The grid resolution of 

both data sets was 0.25° × 0.25° in an area of latitude -15° to 20°

and longitude 90°E to 160°E, averaged from 1998-2007. The 

TRMM satellite passed over the MC twice per day at different 

times each day, using microwaves to sense precipitation. The 

APHRODITE data set used interpolation methods that were 

described by Yatagai et al. (2012) to fill in the spaces where there 

were no rain gauges. Topography data were from the National 

Centers for Environmental Information (NCEI).

RESULTS and DISCUSSION

The highest mountains on the MC are on the island of New 

Guinea (max elevation: 4000 meters), while most of the 

Indochina Peninsula is relatively flat (max 1500 m; see Figure I). 

The highest number of rain gauges are found on the Indochina 

Peninsula, while the lowest number are on New Guinea (Figure 

II). Figure III reveals that the precipitation differences are 

greatest (least) where the rain gauge density is lowest (highest). 

Because of this low density on New Guinea, APHRODITE 

showed minimal evidence of topographic influence, while the 

TRMM data showed significant evidence, seen as patterns of 

sea breeze convergence along mountain slopes. The 

precipitation amounts can be seen in 150-meter increments in 

Figure IV. Because most of the rain gauges were on the 

Indochina Peninsula (max 1500 m), the transition between 

topographic influence on precipitation and the influence due to 

an insufficient rain gauge density appears to happen at the 

1350-1500 meter interval. The root mean square error (Figure 

IV) and the correlation (Figure V) show this transition point.
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and longitude 90°E 
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CONCLUSIONS

In the case of the MC, topography enhances precipitation, 

creating patterns like the one seen on New Guinea in Figure III 

(TRMM), but, notwithstanding whether the rain gauge density is 

high or low, the TRMM satellite gives higher precipitation values 

than rain gauge measurements. Studying these precipitation 

patterns and the differences between TRMM and APHRODITE 

measurements in topographical influences show the importance 

of having more rain gauges to validate climate models and 

forecasts.

Acknowledgements

Dr. Pallav Ray & Marcus Morgan for assistance with GrADS and 

data collection.

REFERENCES: Neale, R. B. and J. M. Slingo. The Maritime Continent 

and its role in the global climate: A GCM study. J. Climate, 16: 834-848, 

2003.; Qian, J. Why precipitation is mostly concentrated over islands in 

the maritime continent. Journal of the Atmospheric Sciences, 65(4): 

1428-1441, 2008.; Yatagai, A., K. Kamiguchi, O. Arakawa, A. Hamada, 

N. Yasutomi, and A. Kitoh. APHRODITE: Constructing a long-term daily 

gridded precipitation dataset for Asia based on a dense network of rain 

gauges. Bulletin of the American Meteorological Society, 93(9): 1401-

1415, 2012.

Figure III: Average Rainfall 

in mm/day for 1998-2007 

over the Maritime 

Continent. The first two 

panels show rain gauge 

data and TRMM data, while 

the third panel shows the 

difference between the two 

(TRMM – rain gauge).

Figure IV: Area average precipitation 

in mm/day on left vertical axis for 

TRMM and rain gauge 

measurements from 1998-2007, with 

root mean square error in mm/day on 

right vertical axis displayed as X’s. 

Elevation is in increments of meters 

on the horizontal axis, with the first 

entry being from 0-150 meters, 150-

300, and so on, up to 3000 meters.

Figure V: The correlation between 

TRMM and rain gauge 

measurements. Elevation is in 

increments of meters on the 

horizontal axis, with the first entry 

being from 0-150 meters, 150-300, 

and so on, up to 3000 meters.
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Figure II: Each dot represents 

a rain gauge used by 

APHRODITE; the colors are 

irrelevant for this study.
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