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Vertical characteristics of water vapor transport in rainy season

in eastern China based on Lagrangian method
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Abstract: The Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) platform,
enhanced with the areal source-receptor attribution method, is used to simulate Lagrangian
trajectories of air parcels in East China during the summer monsoon from 1961 to 2010 in
different vertical levels. Water vapor transport pathways and moisture contribution at different
vertical layers in each rainy season are determined quantitatively. During the pre-monsoon season
in South China (SC), the dominant water vapor transport channel in lower level (under 1500m) is
the West Pacific Ocean channel, with the proportion of trajectories reaching 52.3%, while in
middle level (1500m to 5000m) the Indian Ocean channel is dominant, with the proportion of
trajectories larger than 37%. The most important moisture source is, however, the land area of East
China and the West Pacific Ocean in the lower level, their contribution rate for each of the two
sources is higher than 20%. After the onset of the South China Sea summer monsoon, and during
the whole monsoon season in SC, the Indian Ocean channel is the strongest moisture channel for
lower level, middle level and upper level (higher than 5000m), and the proportion of trajectories in
middle level is 65.6%. Meanwhile, the moisture contribution from the Indian Ocean also has a
great increase, it is the most important moisture source in middle level and upper level. But the
most important moisture source in lower level is East China and the South China Sea. During the
Meiyu season, the West Pacific channel is the dominant channel in lower layer, and the Indian

Ocean channel is dominant in middle and upper levels. Compared with the monsoon season in SC,



the Indian Ocean channel is weaker in middle and upper levels, while the mid-latitude westerly
channel is stronger. During the rainy season in North China, the dominant water vapor channel is
the West Pacific channel in lower layer, while the dominant channel is the mid-latitude westerly
channel in middle and upper layers. During the Meiyu and North China rainy season, the main
source areas are eastern China and the West Pacific region. Especially in the rainy season in North
China, the water vapor from East China in the lower level reaches 43.1%, which indicates that
local evaporation at the low level plays a crucial role in the rainy season precipitation in North

China.

Keywords: Lagrange trajectory, HYSPLIT, Moisture transport, Vertical structure,
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Figure 1. The division of geographic sectors (black boxes: East China, South China Sea, Indian
Ocean, West Pacific Ocean, and Eurasia) used to account the trajectories and moisture
contributions. Location of the three rectangular target domains in East China, South China region
(20226 N, 106 =120 E), Yangtze—Huaihe River basin region (28 34N, 1102123 ), and the
North China region (35243 N, 1102120 <E) from south to north. Dots indicate locations of the
observational stations in these three regions, 70 stations in South China region, 99 stations in

Yangtze—Huaihe River basin region and 78 station in North China region.
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Figure 2. Characteristics of moisture transport, moisture source and water vapor flux
for the pre-monsoon in South China (SC). The first row shows moisture transport
channels based on average trajectories. Five transport channels are identified, from
East China (EC), the West Pacific Ocean (PO), the South China Sea (SCS), the Indian
Ocean (I0) and the Eurasian westerly (EA), respectively. Colors on the pathways

indicate the average specific humidity of air parcels along the trajectories (units: g/kg).



The thickness of the pathways represents the percentage of trajectories, also marked
in numbers. The second row shows the water vapor Contribution Density Function
(CDF) showing the contribution of water vapor source regions (unit: 107, areas of 1
by 1 in latitude/longitude) to the precipitation in the target region of South China. The
third row shows the climatology of vertically integrated atmospheric water vapor
transport (vectors, unit: kg m? s1) under the Eulerian view and shadings represent
amount of the water vapor transport. The first column is the result of lower level
(under 1500m), the second column is the result of middle level (1500m to 5000m) and

the third column is the result of upper level (higher than 5000m).
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Figure 3. Same as in Figure 2 but for the starting phase of the monsoon in South
China.
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Figure 4. Same as in Figure 2, but for the phase of the monsoon (Meiyu) in the

Yangtze-Huaihe River Basin
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Figure 5. Same as in Figure 2, but for the terminal stage of the monsoon in North

China
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Table 1. The main moisture transport channels and main moisture sources during four period of

East China rainy season. The number in the first three rows show the proportions of trajectories in

each level and rainy season, and the proportions more than 15% are marked in bold. The number

in last three rows show the CDF for each level and rainy season, the number more than 20% are

marked in bold.
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