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Abstract: We conducted three experiments using the WRF-Chem model to examine the physical ef‐

fects of the coastline and numerous low mountains along the coast in the Pearl River Delta (PRD) area

on the intensity and distribution of warm-sector heavy rainfall. We analyzed dynamic effects and water

vapor transport, and found that by replacing the mountains in the PRD with flat land, orographic lifting

disappears, resulting in a considerable reduction of coastal convergence and water vapor accumulation

at 925 hPa along the coastline; the 12 hours accumulated precipitation area is mainly confined to the

north of 22. 7°N which is 80 km north than without moving out the mountains, and precipitation intensity

decreases. By shifting the coastline northward and thus, removing the special topography of the low

mountains and the contrast of frictional forces along the original coastline, the convection caused by the

convergence is greatly reduced. As a result, almost no precipitation falls in the PRD region. Instead,

convection, water vapor accumulation and precipitation centers appear near the new coastline because

of orographic lifting and discontinuities in surface friction. The coastline and coastal mountains of the

PRD play important roles in the occurrence, intensity and distribution of precipitation.
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华南珠三角地区海岸线和地形对暖区暴雨的影响
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摘 要：通过使用WRF-Chem模式进行 3个敏感性试验，研究东亚夏季风背景下，华南珠三角地区复杂的海岸

线和沿岸众多低矮的山脉地形与暖区暴雨强度和分布之间的物理关联。通过动力以及水汽输送分析，发现当珠

三角地区的低矮山脉地形移除后，山脉群对气流的地形抬升以及辐合作用消失，海岸线上的对流活动明显减少，

925 hPa上水汽在海岸线上的积累减少，降雨区域向北移动约 80 km，降水强度也减弱；当沿岸山脉地形移除，

海岸线北移，喇叭口特殊地形消失后，原来海岸线上的海陆摩擦力差异消失，气流的辐合对流运动大幅减少，
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珠三角区域内几乎没有降水，取而代之的是在新的海岸线沿岸附近由于地形抬升作用以及下垫面摩檫力的差异，

出现新的对流活动以及水汽的堆积，并且新海岸线上出现新的降水中心。因此珠三角区域内海岸线以及海岸山

地是影响降水强度、分布和发生发展的重要因素。

关键词：暖区暴雨；海岸线；地形；WRF-Chem模式；珠三角地区

1 Introduction

In South China, under the influence of the East

Asian summer monsoon,the first rainy season of each

year begins in April and ends in June,and has unique

regional characteristics. Precipitation can be in the form

of frontal precipitation caused by the frontal system as

a result of the southward movement of the mid-latitude

westerlies. It can also be in the form of warm-sector

heavy rainfall[1-2]. Warm-sector heavy rainfall generally

refers to precipitation that occurs in the warm area on the

southern side of the surface frontal system, or in the

warm zone at 200-300 km(or even greater distances)

from the southern side of the frontal system. It could

sometimes occur at the confluence of the southwesterly

and southeasterly flows, or even in the non-shear cold

southwesterly flow between Nanling Mountains in

Guangdong Province and the northern part of the South

China Sea where fronts are absent [1]. The warm-sector

heavy rainfall in South China that appears during the

first rainy season of the year generally occurs in the

warm zone at 200-300 km from the southern side of the

frontal system. Compared with frontal precipitation,

warm-sector heavy rainfall is higher in intensity, longer

in duration and occurs over a smaller area. When warm-

sector heavy rainfall occurs in South China, southerly

winds prevail at the middle and low altitudes, and there

is no forcing from distinct weather-scale baroclinic

systems. As a result, it is difficult to predict warm-sector

heavy rainfall before it occurs or to explain the cause of

it systematically afterwards [3-4]. Therefore, warm-sector

heavy rainfall can lead to floods extremely easily,

threatening social and economic development as well as

personal and property safety.

Moist and deep convections occur frequently in

the Asian summer monsoon region, resulting in large

amounts of precipitation, especially in coastal areas
[5-7], such as along the South China coast [8]. Convec‐

tive systems are active along the South China coast

and can cause extreme weather (such as thunder‐

storms, strong winds, heavy rainfall and floods) in

densely populated coastal areas [9]. The ocean, coast‐

line and coastal mountains are the three most impor‐

tant physical factors that affect the occurrence and de‐

velopment of convection during the monsoon period

in South China [9-10]. The ocean mainly provides warm

and humid air flows [11]. The coastline causes disconti‐

nuities in surface friction and temperature, which facil‐

itate convergence of the lower layers and expands the

area of precipitation over the coast [12-14]. Mountains

play a role in orographic lifting and promote the conver‐

gence and occurrence of convective activities [15-16]. In

addition, when the low-level jet that is humid and

strong impinges the mountains, a large amount of wa‐

ter vapor is accumulated near the windward slope be‐

cause of orographic lifting [17-19]. The obstruction of

low-level jets by mountains of different shapes(includ‐

ing height and width) affects the intensity and distri‐

bution of coastal precipitation[20-23].

In East Asia, precipitation occurs frequently

along coastlines causing huge economic losses. Nu‐

merous studies on the influence of mountains on pre‐

cipitation have focused on southwestern Taiwan[24-28].

Under the influence of the East Asian monsoon,

heavy precipitation occurs along the southwestern

coast of Taiwan as the southwesterly jet in the lower

troposphere flows through the Central Mountain

Range and is lifted[19]. Davis and Lee[25] conducted an

experiment to study the influence of topography on

precipitation during the Southwest Monsoon near Tai‐

wan. Over the relatively flat terrain of South Korea, a

convergence zone forms as a result of the disconti‐

nuity between sea and land roughness, and leads to

continuous heavy precipitation over the western

coast[13]. The diverse mountainous terrain and coast‐

line of China also have various effects on precipita‐

tion. Nocturnal low-level jets are lifted on the wind‐

ward slope over the complex terrain of eastern China.

This leads to local convergence, which likely triggers

the formation of mesoscale convective systems [29-31].
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Coastal convergence and orographic lifting strongly

impact the triggering and development of convection

and precipitation near the South China coast [9, 32-37].

Focusing on southern China, its large-scale topogra‐

phy and the small-scale coastal mountains near

Lufeng, Du et al. [10] studied the influence of coastal to‐

pography and coastline on convection initiation and

upscale convective growth.

The Pearl River Delta(PRD) in southern China is

densely populated and has a high level of economic

development. Few studies have examined the impact

of the complex PRD coastline and the numerous

small and low mountains along the coast on warm-

sector heavy rainfall. Therefore, in this study we ex‐

amine the relationships and feedback mechanisms be‐

tween topography of the PRD and warm-sector heavy

rainfall under the influence of the East Asia Summer

monsoon, focusing on the complex coastline and low

mountains of the PRD and warm-sector heavy rainfall

distribution and intensity.

2 Data,model description and

experimental design

For observation data of accumulated precipita‐

tion in the study area, we used a merged precipitation

product developed by National Meteorological Infor‐

mation Center of the China Meteorological Adminis‐

tration. It has a horizontal resolution of 0. 1° and tem‐

poral resolution of 1 h, and is based on data from land-

based automatic weather stations in China and precipi‐

tation estimates derived from satellite data using the

Climate Prediction Center morphing method

(CMORPH) [38].

As chemistry and meteorology are fully coupled

in the Weather Research and Forecasting model cou‐

pled with Chemistry(WRF-Chem), it is a more authen‐

tic representation to study the process of rainfall in

PRD where the pollutant of aerosols is serious. And

hence, the WRF-Chem model(version 4. 2. 1) with

three nested domains was used in this study. Fig. 1

shows the model domains. The outermost domain

(D01) with a horizontal grid resolution of 36 km con‐

tains nested domains D02 and D03 with horizontal

grid resolutions of 12 and 4 km, respectively. All ex‐

periments were run from 1200 UTC 10 May 2014 to

0000 UTC 12 May 2014 and initialized with the Na‐

tional Centers for Environmental Prediction Final

(NCEP-FNL) global tropospheric analysis dataset

(http://rda. ucar. edu/datasets/ds083. 2). Initial and

lateral boundary conditions were updated every 6 h.

Observations from weather stations were assimilated

into the model initial conditions [39]. The first 12 h of

simulation time was regarded as the spin-up time. To

improve simulation results in the boundary layer, 40

Fig. 1 WRF-Chem model domain with three nested domains: D01, D02 (white boxes) and D03 (red box)
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vertical levels were used(η levels:1.000, 0.995, 0.993,

0.990, 0.983, 0.978, 0.970, 0.962, 0.954, 0.944,

0.934, 0.909, 0.880, 0.845, 0.807, 0.765, 0.719,

0.672, 0.622, 0.571, 0.520, 0.468, 0.420, 0.376,

0.335, 0.298, 0.263, 0.231, 0.202, 0.175, 0.150,

0.127, 0.106, 0.088, 0.070, 0.055, 0.040, 0.026,

0.013, 0.000) with the top level at 50 hPa.

The Grell-3 cumulus parameterization scheme[40]

was used in domains D01 and D02. However, no pa‐

rameterization scheme of cumulus convection was

adopted in domain D03 because the high resolution of

the domain allows quantities at the cumulus scale to

be resolved. All domains used the microphysics

scheme of Lin et al[41] and the Yonsei University(YSU)

boundary layer scheme [42]. The Rapid Radiative

Transfer Model for Global Climate Models(RRTMG)

longwave and shortwave radiation schemes [43] were

adopted for radiation physics. The unified Noah land

surface model [44] and the revised MM5 Monin-Obuk‐

hov surface-layer scheme were also used [45].

In WRF-Chem, the Carbon-Bond Mechanism

version Z(CBM-Z) [46] was adopted for gas-phase at‐

mospheric chemistry. The Model for Simulating

Aerosol Interactions and Chemistry(MOSAIC) [47] us‐

ing eight sectional aerosol bins was used for the aero‐

sol module. The Fast-J scheme [48-49] was used for pho‐

tolytic reaction rates. For anthropogenic emissions,

we used data from the Multi-resolution Emission In‐

ventory for China(MEIC) data (http://www. meicmod‐

el. org) [50]. For biogenic emissions, we used output

from the Model of Emissions of Gas and Aerosols

from Nature(MEGAN)[51].

To study the influence of the coastline and coastal

topography of the PRD on the intensity and location

of warm-sector heavy rainfall in South China, one

control and two sensitivity experiments were con‐

ducted in WRF-Chem. Model output was analyzed

to examine the relationships between warm-sector

heavy rainfall and changes in the coastline and to‐

pography in terms of water vapor transport and other

dynamic mechanisms.

Fig.2 shows terrain height settings for the control

run(CTL; Fig.2a) and the sensitivity(HGT0 and SEA)

experiments. In the sensitivity experiment HGT0

(Fig.2b), the effect of orography was removed by set‐

ting the height of the PRD region(21. 5°-24°N, 112°-
115. 5°E; indicated by red boxes in Figs.2b and c) to

0 m above sea level. In the sensitivity experiment

SEA(Fig. 2c), the land-use type of the PRD region

was set to ocean, with a new coastline in the northern

part of the region.

3 Case overview and results from

the control experiment

To clarify the influence of the coastline and the

distribution of the low mountain ranges of the PRD

on the warm-sector heavy rainfall in South China, we

studied a typical heavy rainfall event that occurred on

11-12 May 2014 UTC. During this event, the main

Blue indicates land-use type is set as ocean. In (b) and (c), red boxes indicate the PRD region. In (b), the terrain height

in the red box is 0 km, and the black line between A and B indicates location of cross-sections shown in Figs. 9 and 10.

Fig. 2 Terrain height (shading) in D03 for experiments CTL, HGT0, and SEA
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precipitation occurred over the PRD, with the precipi‐

tation center roughly located on the South China coast

near Shenzhen, Guangdong Province(the black dot in

Fig. 1). The event occurred between 0000 UTC 11

May and 0000 UTC 12 May 2014. At Shenzhen city,

the 6-h averaged precipitation from 0000 to 0600

UTC 11 May 2014 reached 226 mm, and maximum

precipitation reached 276. 5 mm. Heavy rains

throughout the city and extremely heavy rains in

some areas severely damaged and threatened personal

safety and property. Therefore, we chose 0000 UTC

11 May to 0000 UTC 12 May 2014 as our study

period.

Fig.3 shows observation data and simulation re‐

sults from the control run for the 6-h accumulated pre‐

cipitation from 0000 to 0600 UTC 11 May 2014, the

12-h accumulated precipitation from 0000 to 1200

UTC 11 May 2014, and the 24-h accumulated precipi‐

tation from 0000 UTC 11 to 0000 UTC 12 May 2014

for our study area of 21. 5°-24° N, 112°-115. 5° E,

which includes the PRD and some offshore areas

along the coast. Two main precipitation processes

were active. There was a frontal rainband at approxi‐

mately 25° N and precipitation along the coastline of

the PRD(red box in Fig.3). We focused on the latter,

which was a typical warm-sector heavy rainfall pro‐

cess. In terms of the 6-h accumulated precipitation

(Figs. 3a, d) from 0000 to 0600 UTC 11 May 2014,

simulation results are relatively scattered spatially, but

the average intensity and location of simulated pre‐

cipitation are consistent with those of observation da‐

ta. Fig. 4 shows that the trend and intensity of the

hourly evolution of simulated average precipitation in

the PRD are relatively consistent with those of obser‐

vation data. Fig.3b, c, e and f show that the average

intensity and distribution of simulated 12-h (0000-

1200 UTC 11 May 2014) and 24-h (0000 UTC 11

May-0000 UTC 12 May 2014) rainfall are also consis‐

tent with those of observation data. However, simu‐

lated precipitation is relatively scattered spatially, and

In (a)-(f), red boxes indicate the study area, the Pearl River Delta region.

Fig. 3 The 6-h, 12-h, and 24-h accumulated precipitation (shading) in domain D03 (see Fig. 1)

from (a)-(c) observation data and (d)-(f) simulation results from CTL
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the precipitation center that is prominent in the obser‐

vation data is absent in simulation results. Fig. 4

shows that the average precipitation between 0000
UTC 11 May and 0000 UTC 12 May in CTL is below

that in observation data. This is because the simulat‐

ed precipitation area has shifted eastward and out of

the PRD during this period.

4 Results and Discussion

4. 1 Topographic effect

To identify the impact of the special coastal and

mountain topography of the PRD and the land-sea

contrast on the simulation of precipitation, we exam‐

ined precipitation intensity and distribution from the

control run CTL (Figs.5a, d and g) and the sensitivity

experiments HGT0 (Figs. 5b, e and h) and SEA

(Figs.5c, f and i). In HGT0 (Fig.5b), the low moun‐

tains of the PRD (red box in Fig.5b) are absent lead‐

ing to the absence of orographic lifting and subse‐

quent vertical convection. Therefore, the 6-h accumu‐

lated precipitation from 0000 to 0600 UTC 11 May

2014 shows no obvious precipitation in the PRD, and

only scattered precipitation falls along the coastline

and the northern boundary of the PRD. In SEA

(Fig. 5c), the coastline is shifted northward. There‐

fore, the 6-h accumulated precipitation shows almost

no rainfall in the PRD. For the first 6-h of the simula‐

tion period, area with high precipitation rates in the

PRD from each of the two sensitivity experiments is

only approximately one-sixth of that in CTL (Fig.6).

In HGT0 (Fig. 5e), precipitation occurs in the

northern part of the PRD between 0000 and 1200

UTC 11 May, its distribution region is mainly con‐

fined to the north of 22. 7° N which is 80 km north

than in CTL (yellow line in Fig. 5d and e), and area

with high precipitation rates (Fig.6) is comparable to

that in CTL (Fig.5e), but rainfall intensity is lower in

the absence of topography. In SEA (Fig. 5f), almost

no precipitation occurs in the PRD because of the

northward shift of the coastline and the absence of

mountains. There is a small area of precipitation and

a new precipitation center near the new coastline in

the northern part of the PRD. However, precipitation

intensity is relatively low and area with heavy precipi‐

tation is close to zero at 0000 - 0800 UTC 11 May.

Area with high precipitation rate (Fig.6) increases af‐

ter 0900 UTC. Fig.5f shows that heavy precipitation

is mainly concentrated near the new coast.

In terms of 24-h accumulated precipitation

(Figs.5g-i) from 0000 UTC 11 to 0000 UTC 12 May

2014, HGT0 shows two precipitation centers with

most precipitation concentrated over the northern part

of the PRD(Fig. 5h); SEA shows no precipitation in

the center of the PRD, but noticeable precipitation

with a center over the new coastline(Fig. 5i). Area

with hourly precipitation exceeding 20 mm in SEA in‐

creases sharply after 1200 UTC 11 May, and is nearly

double that in CTL(Fig.6). These results show precip‐

itation shifting with the coastline; precipitation is de‐

layed and weakened when the coastline is shifted

northward and land in the PRD is replaced by ocean.

These results indicate the important role that the coast‐

line plays in triggering and sustaining the precipita‐

tion process.

The absence of mountains close to the coast in

HGT0 therefore results in precipitation that occurs

mainly in the northern part of the PRD that is less in‐

tense, later and over a smaller area than in CTL. With

flat terrain, the surface friction coefficient is reduced

and there is no orographic lifting of the low-level jet.

The important conditions for triggering convection

are missing leading to the absence of the vertical con‐

vection system and the reduced area of precipitation.

When the land in the PRD is replaced by ocean, a

new coastline is created around the PRD area. Precipi‐

tation in the PRD disappears. A precipitation center

appears over the new coastline along the upper edge

Fig. 4 Hourly evolution of averaged precipitation in the

PRD from observation data and CTL simulation between

0000 UTC 11 May 2014 and 0000 UTC 12 May 2014
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of the red box in Fig.5i. New rainbands also appear

because of the new coastline and the mountains near

it. Topography and coastlines can affect or determine

the triggering and development of convection[10].

Hence, the sensitivity experiments show that the

coastline and the mountains of the PRD play impor‐

tant roles in the occurrence, intensity and distribution

of precipitation.

4. 2 Dynamic effects

In this section, we conduct an in-depth examina‐

tion of the dynamic mechanisms between warm-sector

heavy rainfall in the PRD and the influence of the

coastline and low mountain ranges. Figures 7 and 8

show the fields of vertical velocity, divergence and

horizontal wind at 975 hPa. Vertical profiles of wind

velocity and vertical velocity are shown in Figs.9 and

10. Fig.7a indicates the presence of a wide mountain

range consisting of low mountains in the PRD, which

causes vertical flow when the southeasterly and south‐

erly flows in CTL impinge the coastline and moun‐

tains. Because of orographic lifting, updraft is formed

on the windward slope of the mountains and down‐

draft appears on the leeward slope. Convergent up‐

ward movement near the coastline and windward

slope is even more visible in Fig.8a. The vertical pro‐

files in Figs. 9a and 10a show considerable lifting of

In (a)-(i), red boxes indicate the study area (PRD), yellow lines are used to mark the precipitation range.

Fig. 5 The 6-h, 12-h, and 24-h accumulated precipitation (shading) in domain D03 from simulation results

from (a), (d) and (g) CTL, (b), (e) and (h) HGT0, and (c), (f), and (i) SEA at (a)-(c) 0000-0600 UTC 11 May,

(d)-(f) 0000-1200 UTC 11 May, and (g)-(i) 0000 UTC 11 May-0000 UTC 12 May 2014

68



第 3期 CHEN Zijian，et al ：Effects of coastline and terrain on warm-sector heavy rainfall in the Pearl River Delta，South China

the flow above the coast and mountains. Fig. 10a

shows considerable increase in ascending vertical ve‐

locity, especially at 23° N, and considerable increase

in descending vertical velocity on the leeward slope.

Therefore, many convective cells appear in the PRD,

which is one of the important factors underlying the for‐

mation of warm-sector heavy rainfall in South China.

In HGT0,vertical movement at 975 hPa is mainly

concentrated on the windward slope of the mountains

in the northern part of the PRD(Fig.7b). Convergent

upward movements(Fig. 8b) occur near the coastline

even when terrain height in the PRD is set to 0 m.

Wind speeds of low-level jets are clearly lower along

the coastline(black dashed line in Fig.9b) than at sea.

This is because the flow experiences greater friction

over land than over the ocean, resulting in conver‐

gence at lower levels and dynamic lifting. This is

clearly shown in the vertical profile in Fig.10b. Verti‐

cal velocity increases at 900 and 750 hPa along the

coastline(black dashed line in Fig.10b), indicating ver‐

tical ascending movement caused by convergence. In

SEA, the vertical wind field at 975 hPa is mainly con‐

centrated along the new coastline, which is in the

northern part of the PRD(Fig.7c); because land in the

PRD is replaced by ocean, friction on the flow is uni‐

form. Unlike HGT0, there is no decrease in velocity

or clear convergence along the coastline(Fig.8b), and

convergence mainly occurs along the new coastline

Fig. 7 Terrain height (gray-scale shading) overlaid with

vertical velocity (color shading) and horizontal wind velocity

at 975 hPa (vectors) in domain D03 (see Fig.1) for CTL,

HGT0 and SEA runs at 2000 UTC 10 May, 2014

Fig. 6 Hourly evolution of area in the PRD with high precipi‐

tation rates (> 20 mm/h) (enclosed by the red box in Fig.5)

from the CTL run (orange line), the HGT0 experiment

(blue line) and the SEA experiment (green line) between

2000 UTC 10 May and 0000 UTC 12 May 2014
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(Fig. 8c). Convergent upward movement mainly oc‐

curs in the northern part of the PRD because of the

new coastline and mountains (Figs.9 b and c). Veloci‐

ties of vertical upward movements along the new

coastline(black dashed line in Figs. 9c and 10c) ex‐

ceed 0. 4 m/s between 1 000 and 800 hPa.

The sensitivity experiments show that the fric‐

tional forces exerted by the coastline on air flow and

orographic lifting by the mountains are the key fac‐

tors underlying convergence, which lead to convec‐

tion initiation and upscale convective growth. Bai et

al. [9] proposed that convection initiation may also oc‐

cur after midnight as a result of the convergence of

onshore monsoon flows and land breeze or downslope

winds.

In this section, we present our in-depth analysis

of the impact of the coastline and small-scale topogra‐

phy on the precipitation process in the PRD. In sec‐

tion 4. 3, we will present our analysis of the influence

of topography and coastline on precipitation in terms

of water vapor transport.

4. 3 Thermodynamic effects

Water vapor is indispensable for precipitation.

In this section, we conduct an in-depth study of the

impact of the interaction between water vapor and the

coastline and topography of the PRD on the warm-

sector heavy rainfall of South China. Fig. 11 shows

the horizontal distribution of the water vapor mixing

ratio at 925 hPa. In CTL(Fig.11a), the flow of moist

air is blocked by mountain and coastline topography.

Thus, large amounts of moisture are locked in the

PRD, and the water vapor mixing ratio exceeds 18. 4

and 17. 2 g/kg in the coastal area and over the entire

region, respectively(Fig. 11a). In HGT0(Fig. 11b),

there are no mountains to block the flow. Therefore,

moisture from the ocean does not concentrate in the

coastal area. At only approximately 16-17 g/kg, the

water vapor mixing ratio in the PRD is relatively low.

Unlike CTL, there is no zone of water vapor conver‐

gence with high water vapor mixing ratio in the coastal

area(Fig.11a). In SEA(Fig.11c), land in the PRD is re‐

placed by ocean. The barrier effects of the coastline

and mountains are missing, and the water vapor mix‐

ing ratio in the PRD is lower than that in HGT0

Fig. 8 Terrain height (gray-scale shading) overlaid with diver‐

gence (color shading) and horizontal wind velocity at 975 hPa

(vectors) in domain D03 (see Fig.1) for the CTL, HGT0 and

SEA runs at 2000 UTC 10 May 2014
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The black dash lines indicate the coastline.

Fig. 9 Vertical profile of wind speed (shading) and

flow vectors (black vector; the vertical velocity has been

magnified tenfold) along the black line (from point A to

point B along 114. 8°E) in Fig.2b for the (a) CTL,

(b) HGT0 and (c) SEA runs at 2000 UTC 10 May 2014

The black dash lines indicate the coastline.

Fig. 10 Vertical profile of vertical velocity (shading) and

wind field flow vectors (black vector; the vertical velocity has

been magnified tenfold) along the black line (from point A

to point B along 114. 8°E) in Fig.2b for the (a) CTL,

(b) HGT0 and (c) SEA runs at 2000 UTC 10 May 2014
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(Fig.11c). In the absence of orographic lifting and the

contrast of frictional forces between sea and land,

there is no convergence of water vapor. Therefore,

there is little accumulation of water vapor in the PRD

in SEA. On the contrary, water vapor mixing ratio is

high along the new coastline, with maximum value

exceeding 18. 4 g/kg. This is because water vapor is

blocked by the new coastline and mountain topogra‐

phy, and the moisture accumulates on the windward

slopes of the mountains along the new coastline(black

box; Fig.11c).

We conducted a quantitative examination of the

interaction between terrain and water vapor transport.

Fig.12 shows the evolution of the average water vapor

mixing ratio in the PRD in the three experiments over

the 13 hours(1200 UTC 10 May-0100 UTC 11 May)

between the beginning of the simulation and the start

of precipitation. In CTL, HGT0 and SEA, the aver‐

age water vapor mixing ratio increases between 1200

and 2200 UTC on 10 May. Because of the barrier ef‐

fects of the coastline and mountains, average water

vapor mixing ratio is the highest in CTL and peaks at

18. 2 g/kg. The average water vapor mixing ratio in

HGT0 is relatively low and peaks at only approxi‐

mately 17. 6 g/kg. Because of the absence of coast‐

lines and mountains in the PRD, average water vapor

mixing ratio is the lowest in SEA and peaks at only

around 17. 3 g/kg. Between 2200 UTC 10 May and

0100 UTC 11 May, the water vapor content at 925

hPa begins to decrease, and continues to decline be‐

cause of precipitation. Our results show that the

coastline and the low mountains in the PRD can effec‐

tively block the diffusion of moisture and lock the wa‐

ter vapor in coastal areas and around windward slopes,

accumulating sufficient moisture for precipitation.

5 Conclusions

In this study, we used the WRF-Chem model to

conduct a series of sensitivity experiments of a typical

case of warm-sector heavy rainfall(11 May 2014) in

South China, and analyzed the impact of the coastline

and terrain in the PRD region on the precipitation pro‐

cess in terms of dynamics and water vapor transport.

We examined the influence of the coastline and

In (c), black box indicates the new coastline.

Fig. 11 Terrain height (gray-scale shading) overlaid with wa‐

ter vapor mixing ratio(color shading) and horizontal wind ve‐

locity at 925 hPa (vectors) in domain D03(see Fig.1) for the (a)

CTL, (b) HGT0 and (c) SEA runs at 2000 UTC 10 May 2014
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low mountain topography on warm-sector heavy rain‐

fall distribution and intensity. Compared with results

from CTL, precipitation in HGT0 starts 6 h later, is

mainly confined to the north of 22. 7° N which is 80

km north than in CTL in 12 hours accumulation, and

is weaker, because terrain height in the PRD is set to

0 m. Compared with results from CTL, precipitation

in SEA starts 8 h later, is almost vanished in the PRD,

and has a precipitation center on the new coastline, be‐

cause the land in the PRD is replaced by ocean. Fur‐

thermore, in the PRD, there are no clear regions with

heavy precipitation; high precipitation rates are mostly

concentrated along the new coastline, and area with

high precipitation rates is only half that in CTL.

In terms of dynamic effects, the wide mountain

range consisting of low mountains plays a role in oro‐

graphic uplifting and triggers convection generation.

Additionally, convergence occurs along the coastline

because of the contrast of frictional forces between

land and ocean. These two factors greatly affect the

generation and development of convection along the

coastline and in the mountainous areas of the PRD,

thereby influencing the intensity and distribution of

precipitation.

In terms of water vapor transport, the coastline

and mountains can effectively block and collect the

low-level humid airflow from the sea, so that mois‐

ture can accumulate along the coast and on the wind‐

ward slopes of mountains. In the sensitivity experi‐

ment where terrain height is set to 0 m, the water va‐

por content increases along the coast; water vapor is

transported across the entire study area as a result of

convergence caused by land surface friction; the maxi‐

mum average water vapor mixing ratio in this experi‐

ment is lower than that in the control experiment by

0. 8g/kg. In the sensitivity experiment where the land

in the PRD is replaced by ocean, the water vapor con‐

tent in the PRD is greatly reduced in the absence of

orographic lifting and the contrast of frictional forces

between sea and land; water vapor accumulates along

the new coastline in the northern part of the PRD; the

maximum average water vapor mixing ratio in this

sensitivity experiment is lower than that in the control

experiment by 1. 1 g/kg. This indicates that the coast‐

line and terrain can effectively lock moisture and ac‐

cumulate sufficient water vapor for precipitation to oc‐

cur.

We conclude that the coastline and mountain to‐

pography in the PRD region affect the distribution

and intensity of the warm-sector heavy rainfall. In

the experiment where the mountain topography is re‐

moved, the 12 hours accumulated precipitation area is

mainly confined to the north of 22. 7° N which is 80

km north than without moving out the mountains, and

precipitation intensity decreases. In the experiment

where the coastline is moved to the northern part of

the PRD, the precipitation area almost disappeared in

the PRD, and has a precipitation center on the new

coastline; the area with high precipitation rates is only

half that in the control experiment. Therefore, coast‐

line and mountain topography in the PRD has substan‐

tial influence on the occurrence, intensity and distribu‐

tion of warm-sector torrential rainfall. Our findings

will be useful for future precipitation forecasts and di‐

saster prevention in the PRD region.
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