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ABSTRACT

In this study, by using the ECMWF ERA-Interim reanalysis data from 1979 to 2010, the spatial distribu-
tion and transport of total atmospheric moisture over the Tibetan Plateau (TP) are analyzed, together with
the associated impacts of the South Asian summer monsoon (SASM). Acting as a moisture sink in summer,
the TP has a net moisture flux of 2.59×107 kg s−1 during 1979–2010, with moisture supplies mainly from
the southern boundary along the latitude belts over the Bay of Bengal and the Arabian Sea. The total
atmospheric moisture over the TP exhibits significant differences in both spatial distribution and transport
between the monsoon active and break periods and between strong and weak monsoon years. Large positive
(negative) moisture anomalies occur over the southwest edge of the TP and the Arabian Sea, mainly due
to transport of easterly (westerly) anomalies during the monsoon active (break) period. For the whole TP
region, the total moisture supply is more strengthened than the climatological mean during the monsoon
active period, which is mainly contributed by the transport of moisture from the south edge of the TP.
During the monsoon break period, however, the total moisture supply to the TP is slightly weakened. In
addition, the TP moisture sink is also strengthened (weakened) in the strong (weak) monsoon years, mainly
attributed by the moisture transport in the west-east directions. Our results suggest that the SASM has
exerted great impacts on the total atmospheric moisture and its transport over the TP through adjusting
the moisture spatial distribution.

Key words: Tibetan Plateau, moisture transport, South Asian summer monsoon

Citation: Zhou Libo, Zhu Jinhuan, Zou Han, et al., 2013: Atmospheric moisture distribution and transport
over the Tibetan Plateau and the impacts of the South Asian summer monsoon. Acta Meteor.
Sinica, 27(6), 819–831, doi: 10.1007/s13351-013-0603-z.

1. Introduction

The Tibetan Plateau (TP) is one of the most im-

portant geographic features on earth and exerts great

influences on the weather and climate systems over

Asia through distinguished thermal and dynamical

processes (e.g., Ye and Gao, 1979; Tao et al., 1999;

Duan and Wu, 2005; Liu et al., 2007; Wu et al., 2012).

As the origin of major Asian rivers, the TP also plays

the role of the “Asian water tower”, affecting the water

sustainability for nearly 40% of the world’s population

(Ding et al., 2008; Xu et al., 2008). Therefore, the dis-

tribution and transport of moisture over the TP are

essential for the water vapor budgets and hydrology

cycles over Asia (e.g., Fekete et al., 1999, 2000; Xu et

al., 2008). For example, anomalies in moisture trans-

port over the TP could affect greatly the frequency

and intensity of floods or droughts in the vast ma-

jority of its downstream areas, i.e., the Yangtze and

Yellow River basins, South China, and other countries

in East and Southeast Asia (Xu et al., 2002; Dong et

al., 2007; Sato and Kimura, 2007; Wang et al., 2008;

Bao et al., 2010).

Studies have revealed that the main sources of
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moisture supply to the TP are the Arabian Sea, the

Bay of Bengal, the South China Sea, and the midlat-

itude westerlies (Simmonds et al., 1999). Xu et al.

(2008) further pointed out that the moisture from the

Bay of Bengal can be transported to the South China

Sea. Chen et al. (2012) argued that the dominant

source of moisture supply to the TP is the Arabian

Sea, while the Bay of Bengal plays a secondary role.

All these studies indicated that the evolution of the

South Asian summer monsoon (SASM) can be vital

to the supply of moisture to the TP and its transport

over that region. In fact, a close relationship between

the moisture conditions and precipitation in the TP

and the SASM has previously been suggested by Gao

et al. (1985) and Yao et al. (2009).

It is known that the SASM exhibits a wide spec-

trum of variability, on timescales from days to years

(e.g., Li and Yanai, 1996; Webster et al., 1998; Hsu

et al., 1999; Goswami et al., 2001, 2003; Gadgil, 2003;

Zhou et al., 2008). Over timescales of days, the impor-

tant phenomena may be the active and break spells

of convection and rainfall over the monsoon regions,

which are important for sowing, harvesting of crops,

and water management (Gadgil et al., 1999; Gadgil

and Rao, 2000; Sajani et al., 2007; Zhou et al., 2012).

The active and break spells of the SASM are always

associated with the precipitation maxima and minima

over South Asia and the shifts in the location of the

monsoon trough in India (Webster et al., 1998; Krish-

namurthy and Shukla, 2000; Ding and Sikka, 2006).

Over timescales of years, there are strong and weak

monsoon years, based on the monsoon rainfall inten-

sity or the corresponding circulation indices (Web-

ster and Yang, 1992; Li and Yanai, 1996). Stud-

ies showed that the strong monsoon years are associ-

ated with warm sea surface temperatures (SSTs), en-

hanced convection over the South Pacific convergence

zone (Meehl, 1987), and enhanced summer trade winds

(Webster and Yang, 1992), while opposite conditions

occur in the weak monsoon years. Whether and how

this vigorous intraseasonal and interannual oscillations

of the SASM affect the moisture transport and its bud-

get over the TP have seldom been studied.

From the above discussion, it is clear that mois-

ture distribution and transport over the TP, which are

possibly affected by the SASM evolution, have sig-

nificant impacts on the occurrence and intensity of

drought and flood in the downstream rivers. In this

study, we will examine the horizontal distribution of

total moisture and its transport over the whole TP

air column, from the point of view of climate mean,

and investigate the possible influences of the SASM

intraseasonal and interannual oscillations on the mois-

ture distribution and transport over the TP. Our re-

sults will be beneficial for further understanding of the

effects of the SASM evolution on the distribution of

moisture over the TP and related variations, and the

role of the TP as the “Asian water tower”.

2. Data and methodology

To depict the summer atmospheric circulation, we

use the daily data of geopotential height, temperature,

specific humidity, and wind speed from the ECMWF

ERA-Interim dataset. The climate means are obtained

by averaging the above variables over the 32-yr pe-

riod from 1979 to 2010. Note that the TP region is

represented by the 3000-m topographic contour (see

the thick dashed line in Fig. 2a and other figures in

this paper), and all the averages over the whole TP

region are obtained by performing arithmetical mean

over this 3000-m contour enclosed area.

In order to quantify the variability of the SASM,

the monsoon index of Wang et al. (2001) was adopted

in this study. The index is defined as the difference of

850-hPa zonal winds between a southern region of 5◦–

15◦N, 40◦–80◦E and a northern region of 20◦–30◦N,

70◦–90◦E. This index can reflect the convective latent

heating over the Bay of Bengal, which is most impor-

tant during the monsoon evolution. In addition, the

Webster and Yang (1992) index was also applied for

comparison, which is defined as the vertical shear of

zone wind between 850 and 200 hPa, averaged over

the region of 0◦–20◦N, 40◦–110◦E.

3. Climatology of summer moisture distribu-

tion and transport over the TP

For better understanding of the moisture condi-
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Fig. 1. (a) Seasonal variations of total water vapor (solid curve; 1013 kg) and moisture convergence (dotted curve; 107

kg s−1) over the whole TP region (see definition in Section 2), integrated for the whole air column and averaged for

1979–2010. (b) As in (a), but for the annual variation and averaged for the summers of 1979–2010.

Fig. 2. Horizontal distributions of geopotential height (contour; gpm) and wind vector (m s−1) at (a) 500 hPa and (b)

200 hPa, temperature (contour; ℃) and specific humidity (shaded; g kg−1) at (c) 500 hPa and (d) 200 hPa in summers

of 1979–2010. The geopotential height has a contour interval of 20 m at 500 hPa and 50 m at 200 hPa. The contour

interval of temperature is 1℃.

tions over the TP, seasonal variations of climatologi-

cal total atmospheric moisture and its convergence are

firstly presented in Fig. 1a, integrated for the whole

air column and averaged for 1979–2010. High values

of column integrated total water vapor appear over

the whole TP from late spring (May) to early autumn

(September), and reach the maximum in summer, with

the highest value of 3.1×1013 kg in July. The mois-

ture convergence exhibits a similar variation as that

of water vapor, with large values occuring in summer.

From Fig. 1, it is clearly seen that summer moisture

over the TP is the largest in the seasonal variation,

containing more than 50% of the annual total atmo-

spheric moisture. In addition, consistent with previous

studies (e.g., Xu et al., 2008), the TP is a moisture

sink as the moisture convergence values are positive



822 ACTA METEOROLOGICA SINICA VOL.27

throughout the year.

Figure 1b further shows the interannual variation

of moisture and its convergence in summers from 1979

to 2010. For the whole TP region, the summer-mean

water vapor and its convergence exhibit strong inter-

anual variations, which may be affected by climate fac-

tors such as the El Niño–Southern Oscillation (e.g., Li

et al., 2011, 2012; Li and Zhou, 2012) and the SASM.

In addition, an increasing trend has been found in the

total water vapor over the whole TP region from 1979

to 2010, mainly caused by the increasing moisture con-

vergence during the last 32 years. Due to the dominant

roles of summer water vapor and its convergence, the

distribution and transport of summer moisture and its

transport over the TP are discussed in the following,

together with the possibly associated influences of the

SASM.

Figure 2 shows the large-scale atmospheric circu-

lations (geopotential height and wind speed fields) and

the thermal and moisture conditions over the South

Asian region at 500 and 200 hPa, averaged for the sum-

mers of 1979–2010. A low pressure system covering the

whole TP persists there with weak southwesterlies at

500 hPa; this low system extends southward to India

and forms a cyclone over northeastern India (Fig. 2a).

A convergence zone forms in the central TP at around

30◦N, where the maxima of temperature and moisture

exist (see Fig. 2c). Correspondingly, an anticyclone

occurs in the upper troposphere over the TP region,

with strong easterly winds in the south edge of the

TP and westerly winds in the northern TP (Fig. 2b).

In the lower troposphere, the air mass over the TP is

much warmer and more humid than the air of the sur-

roundings due to the elevated topography being a heat

source and the Bay of Bengal being a moisture source

(Fig. 2c), with the maxima located over the southern

TP. In the upper troposphere, the maximum center

of the warm and moist air mass moves southward to

the latitude belt of the northern Bay of Bengal (Fig.

2d), where the topographic effect is reduced. From

Figs. 2c and 2d, it can be clearly seen that strong

inhomogeneous distributions exist in air temperature

and moisture over the TP, which could have resulted

in the spatial inhomogeneity of atmospheric moisture

transport there.

Figure 3 presents the climatological distribution

and transport of total atmospheric moisture over the

South Asian region in summer, integrated for the unit

air column and averaged for 1979–2010. High moisture

is found over north of the Bay of Bengal and south

edge of the TP, with a maximum value of more than

60 kg m−2 centered around 20◦N, 90◦E (Fig. 3a). In

comparison, the total atmospheric moisture over the

TP region is much smaller than the surroundings due

to the elevated topography, with the value less than

20 kg m−2. In terms of climatological mean, the total

atmospheric moisture over the TP exhibits a horizon-

tal inhomogeneity, with high values over the southeast

and low values over the northwest. A strong cyclone

exists over north of the Bay of Bengal and northeast-

Fig. 3. Spatial distributions of total atmospheric moisture (a; kg m−2) and its flux (b; kg m−1 s−1) over the South

Asian region in summer, integrated for the unit air column and averaged for 1979–2010.
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ern India (Fig. 3b), which could transport the warm

and moist air northward, resulting in the highest mois-

ture over the south and southeastern edge of the TP

(Figs. 3a and 3b). Over the TP region, the total atmo-

spheric moisture is mainly transported from the west

and south to the east and north, which could result in

a net moisture sink there (refer to the moisture fluxes

discussed later). It is clear from Fig. 3b that the wa-

ter supply to the TP is mainly from the Arabian Sea

and the Bay of Bengal, which is much stronger than

that from the westerly originated from the Eurasian

Continent northwest of the TP; this finding is consis-

tent with previous results (e.g., Xu et al., 2008; Chen

et al., 2012).

4. Evolution of the SASM

To investigate the possible influences of the SASM

on the horizontal distribution and transport of atmo-

spheric moisture, the SASM evolution, characterized

by the large-scale circulation in the lower troposphere

over the South Asian region (e.g., Webster and Yang,

1992; Webster et al., 1998; Goswami et al., 2003), is

examined.

For quantifying the summer monsoon intersea-

sonal and interannual oscillations, the monsoon index

of Wang et al. (2001) (SASMI) is calculated. The

“active” periods defined here are days with the mon-

soon index over 1σ, and the “break” periods are days

with the index less than –1σ. Variations of the num-

ber of active and break days during the summer mon-

soon for the period 1979–2010 are shown in Figs. 4a

and 4b, respectively. In general, the mean durations

of monsoon active and break periods are almost the

same for every summer of 1979–2010, with the num-

ber of days being 13 and 12 for the active and break

periods, respectively. Duration of the monsoon active

period shows similar anual variability as that of the

monsoon break period, with a standard deviation of

6.5. In fact, our results are consistent with those of

Rajeevan et al. (2010), who identified the active and

break periods from the precipitation over the Indian

region. Therefore, given the same mean duration and

similar variability of monsoon active and break periods

during 1979–2010, all the variables are averaged over

the active and break periods, from which the climate

mean is subtracted and anomalies are obtained. To

further illustrate anual variations of the SASM, the

time series of SASMI during 1979–2010 is presented

in Fig. 5, with one standard deviation of ±1.4 m

s−1 superimposed. Similar to the definition of mon-

soon active/break period, the strong (weak) monsoon

year is defined as the year when the monsoon index is

larger than 1σ (smaller than –1σ). Our definition of

strong/weak monsoon year is the same as that by Li et

al. (2011) and by Li and Yanai (1996). Using this def-

inition, five strong monsoon years of 1985, 1994, 1999,

2000, and 2001 and five weak monsoon years of 1979,

1983, 1987, 1992, and 1997 are identified. In the fol-

lowing, the anomalies are obtained by averaging those

variables for all the strong/weak monsoon years and

then subtracting their climate mean.

5. Possible impacts of the SASM on the mois-

ture transport over the TP

5.1 Moisture distribution and transport related

to the active and break SASM

Figure 6 shows distributions of anomalies of the

Fig. 4. Variation of number of (a) active and (b) break days during the summer monsoon for the period 1979–2010.
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Fig. 5. Time series of the SASM index (SASMI) from

1979 to 2010. The horizontal lines represent the associ-

ated one standard deviation (±1σ).

atmospheric variables at 500 hPa, which deviate from

the climate mean of 1979–2010, during the SASM ac-

tive and break periods. During the active period, the

Indian low is much stronger due to the development of

a stronger cyclone over the Arabian Sea, resulting in

negative geopotential height anomalies over north of

India and the whole Arabian Sea (Fig. 6a). Warm air

persists over almost the entire TP and Indian regions,

while moist air appears mostly over the Arabian Sea,

extending northeastward and resulting in little wet-

ness over the western TP region. It is clear from Fig.

6e that a strong cyclone forms over the Arabian Sea,

which transports the warm and wet air westward to

Fig. 6. Anomalies of (a, b) geopotential height, (c, d) temperature, and (e, f) wind vector overlapped with specific

humidity (shaded) at 500 hPa during the monsoon (a, c, e) active and (b, d, f) break periods. The contour intervals for

geopotential height, temperature, and specific humidity are 2 m, 0.2℃, and 0.1 g kg−1, respectively.
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the western border of the TP and then turns north-

ward. The situations during the monsoon break period

are opposite to those in the active period. For exam-

ple, cold and dry air persists over the southwest edge

of the TP (see Figs. 6d and 6e). These different atmo-

spheric circulation patterns during the monsoon active

and break periods should have resulted in altered dis-

tribution and transport of atmospheric moisture over

the TP.

Firstly, the anomalies of total atmospheric mois-

ture and its transport, which are affected by evolu-

tion of the SASM, are given in Fig. 7. During the

SASM active period, the cyclone over the Arabian Sea

is stronger, which brings warm and moist air mass

northeastward to the southwest edge of the TP and

leads to formation of the region with the highest mois-

ture. This high moisture region covers the whole Ara-

bian Sea and most of India, with two maximum cen-

ters. One is located over the southwest edge of the TP

and the other over the northeast of the Arabian Sea,

with the center moisture value larger than 5.5 kg m−2

(Fig. 7a). The warm-moist air mass could pass across

the Himalayas and lead to the higher moisture condi-

tion over the southwest TP than over the rest parts of

the TP, resulting in a high-low distribution from the

southwest to the northeast of the TP. From Fig. 7c, it

can clearly be seen that a weak easterly anomaly per-

sists along the south side of the TP, which could trans-

port the moist air from east to west and result in the

maximum moisture center over the southwest of the

TP. A large westerly anomaly prevails over the whole

Arabian Sea and the Bay of Bengal, creating the max-

imum moisture center over the northeast of the Ara-

bian Sea. Opposite conditions occur during the SASM

break period: e.g., a low-high pattern from the south-

west to northeast of the TP, and maximum negative

centers over the southwest of the TP and northeast

of the Arabian Sea, resulting from the weak westerly

along the southwest of the TP and strong easterly over

the Bay of Bengal (Fig. 7d). The largest moisture dif-

ference occurs over the Arabian Sea suggesting that

the dominant source of moisture supply to the TP is

from the Arabian Sea, consistent with results of Chen

et al. (2012).

Fig. 7. Anomalies of (a, b) total atmospheric moisture and (c, d) its flux over the South Asian region during the

monsoon (a, c) active and (b, d) break periods, integrated for the whole air column. The contour interval for the specific

humidity is 0.5 g Kg−1, and the unit vector is 300 kg s−1 m−1.
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Table 1. Total atmospheric moisture fluxes (107 kg s−1) crossing the TP boundaries on all directions and the net
flux over the whole TP, averaged for the boreal summer (JJA) of 1979–2010 (denoted by “Climate”), and the ano-

malies for the SASM active and break periods related to the “Climate”

Flux West side East side South side North side West-east South-north Net

Climate 6.74 7.56 4.06 0.65 –0.82 3.41 2.59

Active 0.68 0.52 0.89 0.31 0.16 0.58 0.74

Break –0.24 –0.76 –0.22 0.22 0.52 –0.44 0.08

Note: the TP boundaries are denoted by the 3000-m contours, as represented by the black dashed TP shape in all figures.

Secondly, the total atmospheric moisture fluxes

passing across the TP boundaries are calculated, to-

gether with the net moisture flux over the whole TP

region, as given in Table 1. From the perspective

of climatology, strong westerly could have a large in-

put of moisture flux at the western boundary of the

TP, but also a larger output at its eastern bound-

ary (see also Fig. 2b), resulting in a low moisture

output (–0.82×107 kg s−1) in the west-east direction.

In comparison, strong southerly provides the largest

net south-north moisture supply of 3.41×107 kg s−1

(c.a., 132% of the total moisture flux over the TP),

with the major portion brought in from the southern

boundary of the TP. Therefore, for the whole total

air column, the TP acts as a moisture sink due to

strong moisture convergence, which absorbs moisture

from its surrounding areas, at a rate of 2.59×107 kg

s−1. The moisture sink of the TP and its dominant

southerly origin are consistent with the results of pre-

vious studies (e.g., Simmonds et al., 1999; Chen et al.,

2012). During the SASM active period, weak west-

erly (see Fig. 7c) brings a weak moisture supply (with

a moisture flux of 0.16×107 kg s−1) along the west-

east direction, while strong southerly brings in a large

moisture supply to the TP region from its southern

boundary, at a rate of 0.58×107 kg s−1 (c.a., 22% of

the total moisture flux over the TP). In total, during

the monsoon active period, the moisture transport is

29% strengthened than the climate mean, mainly at-

tributed to the anomalous moisture transport at the

southern boundary of the TP. For the SASM break

period, the easterly over the whole TP causes nega-

tive moisture flux values along the western and eastern

boundaries and a net moisture supply to the TP along

the west-east direction. However, this moisture supply

is almost balanced by the moisture output along the

south-north direction.

5.2 Moisture distribution and transport related

to the strong and weak monsoons

It is shown in Section 4 that the SASM index has

a strong anual variation, and we have identified five

strong and five weak monsoon years. To investigate

the moisture condition and moisture transport associ-

ated with the strong/weak monsoon years, anomalies

of the atmospheric variables relative to the climate

mean of 1979–2010 at 500 hPa during the strong and

weak monsoon years are presented in Fig. 8. Dur-

ing the strong monsoon years, the TP summer low

becomes much weaker, resulting in negative geopoten-

tial height anomalies over the southern TP and the

South Asian region (Fig. 8a). Large positive temper-

ature anomalies cover most of the central and north-

western TP and the northeastern Asian region (Fig.

8c). Negative temperature anomalies occupy most of

India and the tropical belt. The temperature anomaly

distribution shows an enhanced meridional tempera-

ture contrast during the strong monsoon years. For

the specific humidity, however, the moisture contrast

in the east-west is much larger than that in the north-

south direction (Fig. 8e). The positive specific hu-

midity anomaly occurs over the west TP and most of

India, with the maximum centered around 35◦N, 80◦E.

Affected by the weak TP summer low, the strong west-

erly over the TP is weakened and results in an easterly

anomaly (Fig. 8g), which could cause the water vapor

transport reversely from the east to west TP. Strong

cyclones form in both the Bay of Bengal and the South

China Sea, which can transport the warm and moist

air westward and northward. In comparison to the

strong monsoon years, opposite conditions happen in

the weak monsoon years. For example, positive geop-
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otential height anomalies cover most the southern TP

and the South Asian region (Fig. 8b), and almost

the entire TP region is dominated by cold (negative

temperature anomaly in Fig. 8d) and dry (negative

specific humidity anomaly in Fig. 8f) air masses.

Affected by the above different atmospheric dy-

Fig. 8. Anomalies of (a, b) geopotential height (m), (c, d) temperature (℃), (e, f) specific humidity (g kg−1) and (g,

h) wind speed (m s−1) at 500 hPa, from the climate mean of 1979–2010, over the South Asian region in summer, during

the strong (a, c, e, g) and weak (b, d, f, h) monsoon years. The contour intervals for geopotential height, temperature,

and specific humidity are 2 m, 0.2℃, and 0.1 g kg−1, respectively.
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Fig. 9. Anomalies of (a, b) water vapor and (c, d) its fluxes, integrated from 500 to 10 hPa, relative to the climate

mean of 1979–2010, over the South Asian region, during the boreal summer of (a, c) strong and (b, d) weak monsoon

years.

namical and thermodynamic circulations, large differ-

ences of the total moisture and its flux are expected

during the strong and weak monsoon years (see Fig.

9). During the strong monsoon years, the total water

vapor anomalies appear positive over the whole TP re-

gion, but negative in the South Asian region and the

tropical belt (Fig. 9a). The decreased westerly (or

anomalous easterly) causes the water vapor to trans-

port from the east to west (Fig. 9c), which results

in a maximum over the western instead of the eastern

part of the TP. This eastward moisture transport leads

to a water vapor supply along the west-east direction,

with the net flux value of 0.62×107 kg s−1 (see Ta-

ble 2), which exceeds the negative moisture supply in

the south-north direction and ensures an overall net

moisture supply to the TP region from outside. In

comparison with those during the monsoon active pe-

riod (see Fig. 7 and Table 1), the TP moisture sink

is also strengthened during the strong monsoon years,

but mainly due to the transport by the decreased west-

erly (anomalous easterly) rather than by the enhanced

southerly. During the weak monsoon years, large neg-

ative water vapor anomalies cover almost the whole

TP and the South Asian region, with the maximum

negative value less than –3.0 g kg−1 over the Bay of

Bengal (Fig. 9b). Opposite to those in the strong

monsoon years, an anticyclone forms over the Bay of

Bengal. The anticyclone brings cold and dry air from

the southwest of the TP, resulting in maximum neg-

ative water vapor anomalies over the Bay of Bengal

(Fig. 9d). The strong divergence along the west-east

direction (with a net negative flux value of –0.78×107

kg s−1) is dominant during the weak monsoon years,

suggesting weakening of the moisture supply from out-

side to the TP region.

To sum up, the TP moisture sink and related

moisture transport are affected significantly by the

evolution of the SASM, mainly through the adjust-

ments in the moisture spatial distribution and trans-

port.



NO.6 ZHOU Libo, ZHU Jinhuan, ZOU Han, et al. 829

Table 2. Total atmospheric moisture fluxes (107 kg s−1) crossing the TP boundaries and the net flux over the

whole TP, averaged for the boreal summer (JJA) of 1979–2010 (denoted by “Climate”), and the strong monsoon

and weak monsoon years

Flux West side East side South side North side West-east South-north Net

Climate 6.74 7.56 4.06 0.65 –0.82 3.41 2.59

Strong –0.41 –1.03 –0.44 0.05 0.62 –0.49 0.13

Weak –0.11 0.67 –0.13 –0.21 –0.78 0.08 –0.70

6. Conclusions

Based on the ECMWF ERA-Interim reanalysis

data from 1979 to 2010, the spatial distribution and

transport of total atmospheric moisture over the TP

are analyzed, together with the associated impacts of

the South Asian summer monsoon. From the climato-

logical perspective, the TP acts as a total air moisture

sink in summer, with a net moisture flux of 2.59×107

kg s−1, mainly supplied from the southern boundary

along the latitude belts over the Bay of Bengal and

the Arabian Sea. The monsoon active/break periods

and strong/weak monsoon years are defined by using

different monsoon indices for comparisons. The influ-

ences of the SASM on the TP moisture sink and the

related moisture transport are quantitatively exam-

ined, which shows great differences in the magnitudes

and spatial distributions of moisture between monsoon

active and break periods and between strong and weak

monsoon years. For example, large positive moisture

anomalies occur over the southwest of the TP and

the Arabian Sea during the monsoon active period,

resulting in a horizontal moisture inhomogeneity over

the TP. The anomalous easterly transports the warm-

moist air from the Bay of Bengal northward to the

south edge of the TP and then extends westward, re-

sulting in high moisture over the southwest of the TP.

For the monsoon break period, the westerly anoma-

lies bring cold-dry air from the continental regions

to the southwest of the TP, causing large negative

moisture anomalies there. For the whole TP region,

the total moisture supply is more strengthened than

the climate mean (c.a., an increase of 22% of the total

moisture flux over the TP) during the monsoon active

period, which is mainly contributed by the trans-

port from the south boundary of the TP. However,

during the monsoon break period, the strengthened

moisture supply to the TP by the westerly anoma-

lies as well as the weakened supply by the weakened

southerly anomalies result in a slightly weakened total

moisture supply to the TP. Similar conditions hap-

pen during the strong/weak monsoon years, i.e., the

TP moisture sink is much strengthened/weakened in

the strong/weak monsoon years. However, due to

the different moisture distribution and transport, the

contributions are mainly from the moisture trans-

port in the west-east direction, which greatly differs

from those during the monsoon active/break periods.

Therefore, it can be concluded that the TP moisture

and its transport can be greatly affected by the SASM

evolution, through the adjustments in the moisture

spatial distribution and transport.
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