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Monsoon circulation is an important carrier of water vapor transport, and it impacts the precipitation of the monsoonal regions
through the constraints and controls of large-scale water vapor transport and distributions as well as the water vapor balance. An
overall research on stable Hydrogen and Oxygen isotopes in precipitation over Eastern Monsoon China could benefit a compre-
hensive understanding of the monsoonal precipitation mechanism. Seventeen field stations of the Chinese Network of Isotopes in
Precipitation (CHNIP) have been selected to collect monthly composite precipitation samples during the years 2005 —2006.
Components of 6D and &'%0 have been analyzed to achieve the spatiotemporal distributions. The established Local Meteoric
Water Line §D=7.465"30+0.90 based on the 274 obtained monthly samples could be treated as isotope input functions across the
region, due to basically reflecting the specific regional meteorological conditions over Eastern Monsoon China. The J-value de-
pleted from coastal to inner area. In Southern China and Northeastern China there were typical periodic patterns of 5'°0. Differ-
ent dominant affecting metrological factors have been raised with different regions. From south to north, the temperature effect of
580 enhanced, while the amount effect changed from existing at an all-year-scale in Southern China to being only remarkable
during the main rainy seasons in North China and Northeastern China. Main geographical controls varied from altitude in South-
ern China and North China to latitude in Northeastern China. Furthermore, §'30 had an implication of advance and retreat of the

monsoon as well as rainfall belt transfer. 5'°0 was also a tracer for the movement path of typhoon and tropical storms.
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The phenomenon of prevailing winds of large-scale areas
change significantly with seasons is known as monsoon.
The world’s monsoonal regions are widely distributed, and
China is located in the Asian Monsoonal Region [1]. Mon-
soon circulation is an important carrier of water vapor
transport, and it impacts the precipitation of the monsoonal
regions through the constraints and controls of large-scale
water vapor transport and distributions as well as the water
vapor balance [2—4]. Numerous studies have indicated that
the environmental isotopes in precipitation have implica-
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tions of tracing the water vapor sources and air mass trans-
port pathway at different scales [S—12]. Sengupta et al. [13]
pointed out that there were two main water vapor origins of
precipitation in New Delphi during summer monsoonal pe-
riod, and the rainfall proportions of the two origins have
been calculated by using the isotopic fractionation models.
Yamanaka et al. [14] obtained the water vapor sources of
eastern Mongolia by analyzing the relationships between
isotopes in precipitation and meteorological parameters.
Pang et al. [4] determined the water vapor sources of New
Delhi station, a representative of Southwestern Monsoonal
Region, and Hong Kong station, a representative of South-
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eastern Monsoonal Region. The results are generally in ac-

cordance with the basic atmospheric circulation background.

Liu et al. [15]traced water vapor sources and transport path-
ways of Arid Northwestern China in different seasons using
5'0. It is obvious that the researches on stable isotopes in
precipitation in Eastern Monsoon China being affected
mostly by the monsoons are helpful to obtaining a compre-
hensive understanding of the monsoonal precipitation
mechanism. Furthermore, a thorough study on precipitation
isotopes is invaluable references for the interpretation of
isotopic signal contained in the palaeoclimatic records.
Original atmospheric signals (e.g. temperature and precipi-
tation amount) could be reconstructed by a series of paleo-
archives [16] such as ice cores [17], lacustrine sediments
[18], tree-ring cellulose [19] and speleothems [20].

1 Study area

Eastern Monsoon China (EMC) is located to the east of
105°E, with the vast areas to the eastern part along the Greater
Khingan Range-Kageyama-Alashan-Nyaingentanglha Moun-
tains-Hengduan Mountains [21]. The topography is domi-
nated by plain and mainly situated on the third terrace. The
Eurasia is located to the north of EMC, and the vast Pacific
Ocean faces the eastern side of EMC. Under the control of
Siberian High, the strong cold air is characterized by fre-
quent activities and less precipitation in winter. While in the
summer, the Pacific warm air prevails here, and the rainfall
is abundant [22]. Yearly-mean surface air temperature de-
creases from above 20°C in South China to about 0°C in
Northeastern China (Figure 2(a)). Yearly-mean precipitation
amount ranges from 200 to 2200 mm with a decreasing
tendency of 1400 to 2000 mm in southeastern costal areas,
800 to 1600 mm in the lower Yangtze region, 600 to 900
mm in South China and 200 to 800 mm in Northeastern
China (Figure 2(b)) [23]. In the following discussion, the
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EMC will be divided into three regions, Northeastern China,
North China and Southern China in terms of the Chinese
natural district region plot [24].

2 Data and method

Monthly composite precipitation samples collection has
been carried out over the observation period years 2005 and
2006, at 17 CHNIP (Chinese Network of Isotopes in Pre-
cipitation) field stations [25]. There are total 17 stations
located in EMC, among which eight stations are located in
Southern China, six in North China and three in Northeast-
ern China (Figure 2(c)).

Precipitation sampling method: in each filed station, a set
composite of a Polyethylene bottle and a funnel was placed
outside as a rain collector. A pingpong ball was put at the
funnel to prevent evaporation. Snow samples were collected
using a pail installed on the ground. After each snowfall
event, snow samples melt at the room temperature. These
two kinds of samples were transferred into a 50 mL poly-
ethylene bottle as monthly samples and analyzed in the En-
vironmental Isotopes Laboratory of Institute of Geographic
Sciences and Natural Resources Research, Chinese Acad-
emy of Sciences. A Finnigan MAT253 mass spectrometer
and the TC/EA method were used to carry out the isotopic
measurements, and the results were expressed convention-
ally as o-values, representing deviation in per mil (%) from
the isotopic composition of a specified standard (Vienna
Standard Mean Ocean Water, V-SMOW), namely 6 = 1000x
[(Rsampie/Rytandara)—11, where R refers to H/'H or "*0/'0 ratios
in both sample and standard. The measurement accuracy was
consistently =1%o for 5D and +0.3% for 6'°0 respectively.

Over the observation period, a total of 274 samples has
been obtained at observation sites, 134 groups in the year
2005 and 140 groups in the year 2006. Routing meteoro-
logical variables, including wind, temperature, humidity,
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Figure 1 Chinese natural district region plots. (a) A, Northeastern area; B, North China; C, Central China; D, South China; E, Kangdian; F, Tibetan Plateau;
G, Mengxin [24]; (b) A, Eastern Monsoon China; B, Tibetan Plateau; C, Arid Northwestern China [21].
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Figure 2 Distributions of yearly averaged temperature (a) and precipitation amount (1961-2000, 40 years averaged) (b); (c) locations of CHNIP stations in
Eastern Monsoonal Region. SJ, Sanjiang; HL, Hailun; CB, Changbaishan; SY, Shenyang; BJ, Beijing; LC, Luancheng; YC, Yucheng; CW, Changwu; FQ,

Fenggqiu; CS, Changshu; TY, Taoyuan; QY, Qianyanzhou; YT, Yingtan; DH,

radiation, and precipitation amount, were routinely observed
at each monitoring station, and the data set was compiled by
the Synthesis Centre of Chinese Ecosystem Research Centre
(CERN). The NCEP/NCAR reanalysis data sets from the
NOAA-CIRES Climate Diagnostics Centre were employed
at 2.5°%x2.5° resolution to calculate water flux at the study
area. All of the data sets were used at a monthly scale.

3 Results

3.1 LMWL of EMC

Based on the 274 groups of 6D and &'®0 components in
precipitation, a best-fit Local Meteoric Water Line (LMWL)

Dinghushan; HT, Huitong; AL, Ailaoshan; BN, Xishuanbanna.

has been drawn through all the clusters (5D =7.46 50
+0.90, R*=0.94.), which provided an isotopic input function
for local hydrological studies (Figure 3). Furthermore, the
5D values varied between —208.05%c—+3.33%o and the 5'°0
values ranged between —28.21%—+0.38%¢. Amount-weighted
SD and §™0 values of precipitation were —50.77%¢ and
—6.91%0, respectively, and among the three subregions,
Southern China had the highest isotopic values (6D =
—44.68%., 50 = —6.25%0); Northeastern Region had the
lowest values (6D = —99.21%o, sB0 = —12.78%0); and North
China’s values were in the middle (6D = —55.02%0, & 80 =
—7.45%0¢), which was also a reflection of the successively
distillation of the heavy isotopes in the water vapor from the
ocean to the inner continent, namely the continental effect.
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Figure 3 Local meteoric water line of Eastern Monsoon Region.

3.2 Temporal variations of 50 in precipitation

As there was a linear relationship between SD and &'°0
above, main discussions of characteristics will be focused
on 6'0. Variation ranges of 6" in precipitation are re-
ported in Table 1 along with the amount-weighted 'O
values of precipitation. Among the three subregions, the
largest 'O range was found in Northeastern China, and
the smallest one was in coastal Southern China. The
amount-weighted 5'®0 in the year 2005 were all higher than
that in 2006 over the whole study area. Moreover, time se-
ries of monthly 6'®0 showed clear regional dif- ferences in
both of the magnitude of the annual cycle and the response
to the inter-annual variations in climate. At Southern China
stations, precipitation became progressively depleted in
50 values during the summer monsoonal period (namely
about May to August) and it was successively enriched in
the winter monsoonal period. However, in Northeastern
China this temporal variation was on the contrary, the iso-
topic composition of precipitation was enriched in 50
during the warmer months and depleted in the colder
months (Figure 4). Colder temperature at higher latitude
resulted in reductions in the total precipitable water in the
atmosphere, leading to larger effective rainout of air masses
[5]. Gibson [26] also have suggested that substantial sea-
sonal patterns were typical, especially in cold regions, with
winter precipitation generally strongly depleted and more
variable in heavy-isotope content compared with that re-
ceived during the summer season. Furthermore, seasonal
changes typically produced shifts along the LMWL, which
also accounted for the extended range of isotope composi-
tions observed in monthly 5'*0 values (Figure 3).

Table 1 5'®0 ranges in three subregions of Eastern Monsoon China
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Figure 4 Temporal variations of §'*0 in EMC stations during 2005—2006.
(a) Southern China; (b) North China; (c) Northeastern China. The legends
are the same as in Figure 2.

3.3 Temperature and amount effect of 50 in precipi-
tation

During the last five decades, abundant researches have
proven that stable Oxygen and Hydrogen isotope compo-
nents in precipitation were apparently affected by a number
of factors including the specific evaporation conditions of
the original moisture sources, rainout routes or transport
patterns of the air masses from the ocean to the inland con-
tinents, and fractionation and condensation processes [27—35].

Amount-weighted 5'°0 values of precipitation (%o)

. 18
Region 5770 range (%o) 2005 2006
Southern China -16.2-0.38 -6.5 -5.94
North China -19.07—-0.8 -8.46 -6.72
Northeastern China -28.21-—0.99 —13.70 -11.66
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Table 2 Correlation coefficients between meteorological parameters and 5'*0 in precipitation

Region P T, T, W, RH R S W, Wy
EMC 0.1817 0.535? 0.522? 0.352? 0.111 0.014 0.063 0.037 -0.284? -0.271?
Ne -0.182" -0.199" -0.2449 —-0.248? 0.503% -0.321% -0.221" 0.031 -0.203" 0.112
NC -0.015 0.3627 0.401? 0.290" 0.241" 0.589% -0.024 0.577? 0.227 0.121
NEC 0.413% 0.644° 0.616" 0.504° —-0.344% 0.064 0.4379 0.283» —-0.294" -0.207

EMC, Eastern Monsoon China; SC, Southern China; NC, North China; NEC, Northeastern China. P, precipitation amount (mm), 7;, surface air tempera-

ture (°C), T, dew point temperature (°C), W,,, water vapour pressure (hPa), V;, air pressure (hPa), RH, relative humidity (%), R, total radiation MJ/m>), S,
daylight hours (h), W, wind speed (m/s), Wy, wind direction; a) P < 0.01; b) P < 0.05.

Table 2 shows the corelationship between meteorological
variables routinely observed at each field station and &5'°O
in precipitation. Different regions have different dominant
affecting factors. For instance, over the whole study area
EMC, precipitation amount, temperature (both surface air
temperature and dew point temperature), water vapor pres-
sure and wind (wind speed and wind direction) were
prominent meteorological variables controlling the 5'%0 in
precipitation, whereas, in the other three subregions, the
dominant impact factors may change to others.

Among the meteorological factors, the two most im-
portant variables affecting the stable isotope ratios in pre-
cipitation are temperature and precipitation amount, which
might be primarily ascribed to the temperature control effect
through phase changing during the isotopic fractionation
processes. On the other hand, strong convective phenome-
non is the important factor restrict- ing the isotopic compo-
sition variations across costal regions [29]. Over Southern
China, which is nearest to the sea, the upper limited values
of 6"0 in precipitation displayed a decreasing trend, and a
slender amount ef- fect was in concurrent (530 (%) =
—-0.006P (mm) —5.16). However, the 5'®0 values presented
depleted as the surface air temperature rising. This phe-
nomenon has confirmed the traditional concept that in the
island or coastal regions, the amount effect may cover the
tem- perature effect to some extent, or even, appearing a re-
verse temperature effect [36]. In North China and North-
eastern China, as extending to the inner continent, tem-
perature progressively replaced the precipitation amount
and became the dominant control factor. Figure 5(b) and (c)
show that there was not an amount effect at a year scale,
however, if only the main summer rainfall period was taken
into account, the amount effect could be expressed as & 30
(%0) = —0.02P (mm) —5.72 and 60 (%0) = —0.02P (mm)
—7.25 respectively [14].

3.4 Latitude and altitude effect of 50 in precipitation

The continental effect describes the progressive rainout and
depletion of heavy isotopes (5'*0 and SD) from air masses
as they traversing continental regions. Evaporation from the
ocean is a fundamental source of global atmospheric mois-
ture, which provides the precipitation input for continental

water cycling. Polar movement of tropical air results in a
gradual rain-out and preferential loss of the heavier oxy-
gen-18 during condensation. This process results in the de-
pletion of 5'®0 between tropical and temperate storm tracks,
regardless of longitude [37—-40]. The altitude effect de-
scribes the decreasing J-values with increasing elevation,
and is a variant of the temperature effect because tempera-
tures typically decrease linearly with increasing altitude [41].
Moreover, locations and height of the groundwater recharge
estimation is possible in virtue of the altitude effect of stable
isotopes.

Correlation coefficients of 6'®0 in precipitation vs. lati-
tude and altitude are listed in Table 3. It showed that in
Southern China and North China, main geographic factor
that controlled the §'®0 in precipitation was altitude, and
the quantitative relation was —0.2%0/100 m, namely, the
50 depleted 0.2%o with the elevation increasing 100 m.
This variation gradient was close to —0.28%¢ per 100 m at
an elevation of below 5000 m in mid- and low-latitudinal
regions [42]. Altitude control factor changed to latitude in
the more inner continental region of Northeastern China,
and the relationship was —0.91%o per 1° in latitude.

Table 3 Correlation coefficients of 5'®0 in precipitation vs. latitude and
altitude

Correlation coefficients

Region Equation
Latitude Altitude
EMC -0.509  —0.137"  §'80=-0.353Lat—0.002A1t+5.059
SC 0.166 —0.457  5"0 =-0.002A1t—4.983
NC -0.145 -0.276”  5"0 =-0.002A1t-6.327
NEC -0.336Y 0277 5'%0 = -0.909Lat+28.601

a) P<0.01; b) P <0.05.

4 Discussion

4.1 Implications of the monsoon and rainfall belt
movement

Seasonal variations in Asian monsoon primarily present as
the occurrence of Eastern Asian monsoon. Generally, the
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Eastern Asian monsoon comes into being in mid-May,
while Southern Asian monsoon forms in early-June, and the
seasonal changes in the atmospheric circumfluence includ-
ing rainfall in the monsoonal regions occurs during June
[43—-48]. Another obvious seasonal variation in Asian mon-
soon takes place during mid-September to October. At
lower layers, it displays as the withdrawal of summer mon-
soon and onset of winter monsoon [49], which generally
lasts until April or May of the next year [50]. At the same
time, the movement of eastern Asian summer rainfall belt is
also related to the advance and retreat of the Eastern Asian
monsoon’s forefront [51]. Climatologically, there are three
obvious advance processes of rainfall belts locations over
the Eastern Monsoon Region. Firstly, during April to early
May, rainfall mainly occurs in South China, namely fore-
flood season rainfall of South China. Secondly, from May
to early-June, the rainfall belt is usually situated to the south
of Yangtze River, while in mid-June, it swiftly switches
northward, and the Plum rain season in Yangtze River and
the Huaihe River Valleys starts. Thirdly, during mid- to
late-July, the rainfall belt again jumps northward and
reaches North China, which is the ending of the Plum rain
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season in Yangtze River and the Huaihe River Valleys, and
rainy season in North China and Northeastern China begins
(Figure 6).

Investigations have found out that the ratio of '*0/'°0, or
H/'H, can be used to determine the origin of the atmos-
pheric condensates. The gradual decline trend in 5O val-
ues during May to June over Southern China indicated the
onset of the summer monsoon and the advent of rainy sea-
sons. For instance, the 50 value of AL station was
—7.73%0 in April, while it decreased to —8.47%o in May and
—14.48%o in June, respectively. Through July to September,
with the rainy seasons arriving, the 6'*0 value remained at
a relative low level (Figures 4 and 6). There was a similar
phenomenon at TY and HT station (in the middle part of
Southern China) and at CS and QY station (in the eastern
part of Southern China). Whereas in North China, there was
a time lag of about one month in the mutation of §'*0 val-
ues. This accorded with the rainfall belt arriving at North
China about one month later than Southern China. More-
over, changes from depletion to enrichment in 'O in
Southern China and the reverse changes in Northeastern
China indicated the winter monsoon comes into being and



206 LIU JianRong, et al. Chinese Sci Bull January (2010) Vol.55 No.2

1000 km | "

1 10

50 100 200 300 500 T00 1000

1500 P (mm)

Figure 6 Spatial distributions of monthly precipitation amount and 50 values at CHNIP stations.

prevails. Furthermore, during June to July, when is the Plum
rain period of Yangtze River and the Huaihe River Valleys,
the 5'®0 values of YT, QY, TY, HT and CS stations were
keeping in a relative low level, somewhat it due in part to a
successive equilibrium fractionation of the raindrop through
the falling process under the condition of abundant water
vapor supplement, high relative humidity, heavy cloud cov-
ers and relatively weak surface wind power. Generally, spa-
tially variable moisture source and transport patterns have
been identified for rainfall in the Asian summer monsoon
by using the sea surface temperature, wind fields, low and
high level air pressure anomalies, and precipitation patterns

[52]. Here, we found that the isotope in precipitation also
had the implications of seasonal evolution and rainfall vari-
ability of the Asian summer monsoon.

4.2 Tracing the typhoons/severe tropical storms tra-
jectories

The various isotope effects related to climatic processes
may be described by progressive distillation of air masses.
The isotope values of water are represented by the Rayleigh
distillation equation (S=8xf‘“~"), where & is the isotopic
ratio, J, is the initial isotopic ratio, f is the fraction of vapor
remaining, and « is the fractionation factor for equilibrium
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Figure 7 Tracks of typhoons or tropical storms occurred at west Pacific Ocean during the summer monsoonal period.

water-vapor exchange at the cloud temperature. The J-
value is not only related to the condensation temperature,
but also related to remain vapor fraction [28]. During rainy
seasons in Southern China, along the water vapor trajectory,
variations of temperature at the cloud base was not remark-
able. Therefore, 6 could be considered controlled mainly by
f through the journey of typhoons or severe tropical storms
moving from ocean to inner continent. That is, the water
vapor mass tends to be depleted of heavy isotope as the re-
maining precipitable water vapor decreased during the
rainout process, namely, the J-values tend to decreased.
The Western Pacific is a region where severe convection

weather such as typhoons or tropical storms frequently oc-
curs. Trajectories during the summer monsoon period of the
years 2005 to 2006 have been illustrated in Figure 7. The
severe convection weather did brought effects on the rain-
fall over the southern and eastern coastal regions. Accord-
ing to the Rayleigh distillation concept, 50O component
carried by the rear of typhoons might tend to be more nega-
tive than the frontal water vapor [53]. In July, 2005, there
were four typhoons/severe tropical storms occurred round
the study area. From spatial distributions of §'°0 contour
lines, high §'®0 values appeared round Fujian Province,
which was also the landing province of typhoon Haitang
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Figure 8 Contour lines of monthly 5'0 in precipitation over Southern China during the summer monsoonal period. The legends are the same as in Figure 2.

(No0.0505). Furthermore, the direction of 5'*O contours line
curve was also consisted with the water vapor transportation
direction after typhoon Haitang landing (Figure 8). It proved
that the isotopic information contained in precipitation has
implications of severe convection weather. Again in August,
2005, times of typhoons/severe tropical storms occurrence
were the same with that of July, 2005. Typhoon Matsa (No.
0509) landed at Zhejiang Province, and then influenced the
regional rainfall at Shanghai, Jiangsu, Shandong, Tianjin
and Liaoning Province. Regions included by the 5'*0 con-
tour line of —8%o¢ were in accordance with eastern coastal
provinces which were exposed to Typhoon Matsa. In Sep-
tember, 2005, severe convection weather was quite active,
and there were six in total. In eastern part, typhoon Talim
(No. 0513) and Khanun (No. 0515) landed, and brought
Fujian, Zhejiang, Jiangxi, and Anhui provinces rainfall of

high 60 component. The 6% contour line, which lied in
Hainan, Guangxi and western Guangzhou, reflected their
landing and movement into the inner continent of the ty-
phoon. Talim, Khanun and Damrey have brought abundant
moisture to provinces in eastern and southern China. As a
whole, relative high 60 values in precipitation covered
most of the southern area. In June, 2006, the Pacific Ocean
surface was relatively calm, and there was only one typhoon,
named Jelawat (No. 0602) landing on the boundary of
Hainan, Guangdong and Guangxi. However, the spatial dis-
tribution of §'*0 did not reflect the landing place of Jelawat,
but only the approximate movement direction of water va-
por mass, which might possibly be due to short-lived dura-
tion of Jelawat (only three days). The moisture brought by it
was limit. Therefore, as the monthly composite samples
actually reflected the monthly mean condition, the trajectory
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of Jelawat could not be identified. Similarly, the spatial dis-
tributions of §'®0 also had implications of the landing place
and moisture movement from the ocean to the inner conti-
nental regions in July and August, 2006. The stable isotope
signature of the precipitation directly links to the prevailing
weather conditions during the rainfall event.

4.3 Proportions of moisture sources division

The division of proportions of multiple moisture sources is
one of the breakthroughs obtained by application of isotopic
method. This result may be difficult or impossible to be
obtained using traditional meteorological and hydrological
method. Former studies were mostly limited to the dichot-
omy of moisture sources, with the assumption that there
were two moisture sources and ignoring other sources. As
the stable oxygen-18 in precipitation had a good implication
of the three main water vapor corridors during the summer
monsoonal period over Southern China [9], here, isotopic
fractionation models [54,55] were used to estimate propor-
tions of multiple moisture sources in July, 2005. During the
calculation, the water vapor flux data was utilized for the
division of proportion of southwestern water vapor corridor
(No. 1), South China Sea water vapor corridor (No. 2),
southeastern water vapor corridor (No. 3) [56] and regional
recycled water (No. 4) in each field station. Results (Table 4)
were obtained by solving the equation groups:

1 ><51801+ 5 ><51802+f3 ><51803+ £ ><51804= 518061(
f1+f2+f3+f4:1 Q)
()gfl,fz,f},f4 <],

where, fi_; denoted the proportions of water vapor corridor
No.1 to No.3; 51801_3 were the 8'%0 values of water vapor
corridors No.l to No.3 of either under equilibrium frac-
tionation or kinetic fractionation; & 1804 was the 5'%0 value
of regional recycled water vapor proportion, and it was sub-
stituted by the 50 value of surface water 5'*0 value ob-
served simultaneously, and f; was its proportion; 5'°0,, was
the actual observation 5'*0 value.

Furthermore, the basic forms of equilibrium and kinetic
models of isotope are

51808 — 61800 xf(a—l)

)
50, =6"0, +Ae,
where 6'%0, is the initial 5'*0 value; 5'°0, and 50y are
the 6'®0 values under equilibrium fractionation or kinetic
fractionation respectively; « is fractionation coefficient at
the temperature #; A ¢is an enrichment or depletion portion
under a kinetic fractionation; f, the remaining water vapor
flux, was calculated through the NCEP/NCAR reanalysis
data at a monthly scale; unit side length water vapor trans-
portation vector Q (kg/m-s) at all layers was calculated by

Table 4 Ratios of different water vapor origins at CHNIP stations during
summer monsoon period of 2005

Station i je) f fa
AL 0-39%  18%-62%  0-64%  0-82%
BN 0-37% 0-98% 0-63% 0-92%
Cs 25%-49%  0-75%  0-52%  0-63%
DH 2%-60%  0-58%  0-40%  0-48%
HT 0-44%  0-64%  0-39%  0-61%
QY 0-14%  0-34%  0-99%  0-86%
TY 40%-66%  0-60% _ 0-41% _ 0-34%

15
0= Vvaar, 3)
g P

where V is wind speed vector at unit air column; g is abso-
lute humidity; Ps, P are air pressure at lower boundary
(ground air pressure) and upper boundary (200 hPa) respec-
tively, and g is gravity acceleration.

As the unknown numbers were more than the equation
numbers, the result f was actually the range of the value
(Table 4). Moreover, certain values of f can be figured out if
other related data was available.

5 Conclusions

The presented work analyzed the isotopic characteristics of
precipitation over Eastern Monsoon China and assessed
their physical controls.

Based on the 274 monthly samples throughout the years
2005 to 2006, LMWL has been established as 6D = 7.46
50 +0.90 (R*= 0.94), which reflected its particular local
meteorological character. The SD and &'°0 values de-
creased from Southern China to North China to Northeast-
ern China, which presented the heavy stable isotopes de-
pleted as water vapor and subsequent precipitation moving
inland.

The §'0 values in the year 2006 over the whole study
area were higher than those in the year 2005, and the varia-
tion of 50 values decreased from north to south. There
was seasonal periodical variation of §'*0 in Southern China
and Northeastern China. The 6'®O values depleted during
summer monsoonal period and enriched during winter
monsoonal period in Southern China while reversed in
Northeastern China.

Dominating meteorological factors which affected the
5'®0 values in precipitation varied in different regions. In
coastal Southern China, the amount effect could be ex-
pressed as 6'*0(%0) = —0.006P(mm) —5.16, whereas in the
inner continental regions of North China and Northeastern
China, temperature effect gradually substituted the amount
effect, and the amount effect only existed during main rainy
season, their relationships were 6'*0(%0) = —0.02P(mm)
—5.72 and 6"%0(%c) = —0.02P(mm) —7.25 respectively.

Altitude was the main geographic control on 80 in pre-
cipitation in Southern China and North China, and the quanti-
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tative relationship was —0.2%4/100 m. However, in Northeast-
ern China, the main control changed to latitude (-0.91%¢/°).

Spatial distributions of §'®0 have implications for the
onset and withdrawal of the monsoon, the movement of
rainy belt of China and severe convection weather such as
typhoons and severe tropical storms. Moreover, based on the
isotopic fractionation models and water vapor flux data, pro-
portions of water vapor sources (southwestern water vapor
corridor, South China Sea water vapor corridor, southeastern
water vapor corridor and regional recycled water vapor) have
been estimated.
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