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Convection and precipitation in the Maritime 
Continent 

the precipitation bias are similar to those in the N48–N144

models, while the magnitude of the bias tends to be
somewhat smaller. The box over the central part of the

Maritime Continent (95.625–140.625!E, -8.75 to 3.75!N;

Fig. 1) corresponds to a region where there is a dry pre-
cipitation bias at all resolutions, and where the impact of

higher resolution is such as to increase precipitation

throughout the region. This domain will be used for the
analyses discussed later in the paper.

Figure 3 shows the land fraction, precipitation P,
evaporation E, P–E, and midtropospheric vertical velocity

meridionally averaged in a tropical channel (covering the

same latitudes as the domain highlighted by the box in
Fig. 1). The land fraction shows the approximate location

of the African, Maritime, and American continents. At all

resolutions, the contrast between a comparatively dry
Maritime Continent and wet Indian and West Pacific

oceans is larger in HadGAM1 than in GPCP or ERA-

Interim. The evaporation in the model is larger than in
ERA-Interim over the oceans, and about the same over

land. Accordingly, the bias in P–E is smaller than the

precipitation bias in regions where the precipitation bias is
positive (such as the West Pacific), and larger where the

precipitation bias is negative (such as the East Pacific). In

general, P–E biases follow the precipitation biases, in
particular over land. P–E, i.e. regions of climatological

moisture convergence (divergence), are in turn closely
related to regions of ascent (descent) as shown by the

midtroposheric vertical velocity. It is notable that the

Maritime Continent is a region of time-mean descent in the
models, in contrast to ERA-Interim.

The effect of resolution is to reduce the dry bias over the

Maritime continent by about one third. There are reduc-
tions of similar magnitude of the wet biases over the
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Fig. 1 a–c Annual mean precipitation in the N48, N96, and N144
models, d–f biases with respect to GPCP, and g, h resolution depence.
Here and in subsequent figures: stippling shows grid points where a

paired t-test rejects the null hypothesis of equal means at the 95 %-
confidence level. A box enclosing the central part of the Maritime
Continent (95.625–140.625!E, -8.75 to 3.75!N) is shown
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Fig. 2 Precipitation distribution in the N216 model. a Mean, b bias with respect to GPCP, and c difference from the N48 model
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Improvement of mean precipitation still 
unclear 
Evidences of precipitation characteristics 
improved at high-resolution 
Realistic representation of local circulation 
NEXT: 
• High-resolution SST  or other sources of SST 
• Increase resolution beyond 1km – away from grey zone. 
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contrasts stronger, which enhances sea breeze circulations. 
Together, they increase near-surface moisture flux conver-
gence and favour convective processes leading to an over-
all increase of precipitation over urban areas. The diurnal 
cycle of these effects is reflected in the atmospheric foot-
print of cities on variables such as humidity and cloud mix-
ing ratio and accompanies changes in precipitation.

Keywords Regional climate modelling · Precipitation · 
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1 Introduction

World population is becoming increasingly urban and is 
progressively concentrated in large urban agglomerations. 
Cities alter the atmospheric conditions creating an environ-
ment that is clearly different from the natural landscape. 
This has several implications for many sectors such as 
health and energy, especially in large cities. Urban areas 
usually create warmer and drier conditions near the surface, 
but also perturb wind regimes, atmospheric stability and 
precipitation. The latter is of major importance because it 
may affect urban water resources management but also has 
repercussions in terms of increased vulnerability to rainfall 
extremes.

The effect of cities on local precipitation has been stud-
ied for a few decades now (Atkinson 1971; Changnon 
1968; Han et al. 2014; Shepherd 2005) but remains a topic 
of active research because the driving mechanisms are not 
fully quantified and mixed responses have been found in 
recent observational studies. For example, Mishra et al. 
(2015) found that most urban areas did not show signifi-
cant changes in the frequency of precipitation extremes 

Abstract This study investigates the effects of urban 
areas on precipitation in the western Maritime Continent 
using a convection-permitting regional atmospheric model. 
The Weather Research and Forecasting model was used 
to simulate the atmosphere at a range of spatial resolu-
tions using a multiple nesting approach. Two experiments 
(with and without urban areas) were completed over a 
5-year period (2008–2012) each to estimate the contribu-
tion of cities to changes in local circulation. At first, the 
model is evaluated against two satellite-derived precipita-
tion products and the benefit of using a very high-resolu-
tion model (2-km grid spacing) over a region where rain-
fall is dominated by convective processes is demonstrated, 
particularly in terms of its diurnal cycle phase and ampli-
tude. The influence of cities on precipitation characteris-
tics is quantified for two major urban nuclei in the region 
(Jakarta and Kuala Lumpur) and results indicate that their 
presence locally enhances precipitation by over 30 %. This 
increase is mainly due to an intensification of the diurnal 
cycle. We analyse the impact on temperature, humidity and 
wind to put forward physical mechanisms that explain such 
changes. Cities increase near surface temperature, gen-
erating instability. They also make land-sea temperature 
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