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Environmental prediction is one of the crucial means for social sustainable development. Based on the continuous sampling of
atmospheric precipitation in Guanling County, Guizhou Province, China, fromMarch 2016 to February 2017, and combining the
reanalyzed data of the National Centre for Environmental Prediction/National Centre for Atmospheric Research with the Hybrid
Single-Particle Lagrangian Integrated Trajectory model, this paper analyzed the variations of δ2H and δ18O in precipitation at the
synoptic scale in the Guanling region. /e results showed that the variations of δ2H, δ18O, and d-excess values in precipitation
exhibited remarkable seasonal variability. /e stable isotopic values in precipitation in the winter half-year were higher than those
in the summer half-year. /e meteoric water line of the winter half-year was close to the annual meteoric water line. /e results
showed that there was more than one fundamental source of moisture. It was affected by the winter monsoon period, which is
longer than the summer monsoon period, so the local evaporation of water vapor participating in the water circulation had a
greater impact. With the increase of precipitation, the intercept and slope of the meteoric water line gradually decreased, which
indicated that the secondary evaporation was weak under the effect of stable isotope subcloud cluster. /e correlations of
precipitation δ18O with temperature T and precipitation P vary with time scales. As the time scale decreased, the correlation
between δ18O and the temperature and precipitation improved. When P≤ 5mm and 10°C<T≤ 30°C, the most sensitive changes
in stable isotopes were observed. In the study area, the backward trajectory model showed that the moisture in the winter half of
the year was mainly from the transportation of the westerlies wind, replenishment, and local reevaporation of near-source ocean
water, while the water in the summer half of the year mainly came from the transportation of water from the ocean at low latitudes.

1. Introduction

Precipitation is the most active factor in the exchange of
matter and energy between the atmosphere and the hy-
drosphere, and it is also an important part of the water cycle.
/e composition of stable isotope in precipitation is closely
related to the meteorological process of precipitation, the
initial state of the water vapor source region, and the sit-
uation of large-scale circulation. /e monitoring of pre-
cipitations δ2H and δ18O will provide fundamental data for
the study of water cycles in present and past climates using
stable isotope techniques [1].

/e study of stable isotopes in precipitation began in the
early 1950s. Since 1961, the International Atomic Energy

Agency (IAEA) and the World Meteorological Organization
(WMO) jointly initiated the Global Network for Isotopes in
Precipitation (GNIP). So far, more than 800 precipitation
sampling stations have been established worldwide, their
purpose is to analyze the change in time and space and to
identify global and local atmospheric circulation patterns
and the water cycle mechanism [2]. /e study of stable
isotopes in the water cycle started relatively late in China,
beginning with the scientific expedition to Mount Everest in
1966 [3]. /e GNIP in China gradually began to establish
multiple monitoring stations for a long time, but it is still
difficult to meet the needs of scientific research. In 2004,
China established the Chinese Network of Isotopes in
Precipitation (CHNIP) under the support of various field
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stations in the Chinese Ecosystem Research Network
(CERN) [4].

In recent decades, the research on stable isotopes of
atmospheric precipitation has made remarkable progress.
/e results show that δ2H and δ18O have distinct spatial and
temporal distributions in China’s precipitation. Because of
China’s geographical location and diverse climatic condi-
tions, δ18O has different regional distributions in precipi-
tation. /e water vapor sources of precipitation in the
southwest monsoon region of China are very complex, and
the different water vapor sources from the Western Pacific
Ocean, South China Sea, Bay of Bengal, Indian Ocean,
Arabian Sea, and transequator strongly affect the precipi-
tation in the southwest monsoon region of China [5]. Zhang
et al. conducted an in-depth study on stable isotopes of
precipitation over a large spatial scale in southwest China
[6]. /e characteristics of stable isotope variation of pre-
cipitation in southwest China are analyzed from synoptic,
seasonal, and interannual scales. /e study found that the
changes in precipitation δ2H and δ18O in this area have
obvious amount effects, humidity effects, and anti-
temperature effects, and the d-excess values in precipitation
showed significant seasonal differences. /erefore, it is
necessary to expand the precipitation isotope research in
Guizhou area to increase the isotope data in this area and
conduct a comprehensive and in-depth study of the
southwest monsoon region of China.

/erefore, this paper analyzed the meteorological data
and stable isotope data of precipitation samples in the hy-
drological years from March 2016 to February 2017 in
Guanling, Guizhou Province. /rough the propagation path
of the model results, combined with the precipitation of the
Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) into the air, the formation of the regional
precipitation water vapor source, the water cycle area, and
the palaeoclimate research are discussed, provide a scientific
basis for follow-up research.

2. Materials and Methods

2.1. Overview of the Study Area. Guanling County is lo-
cated in the southwest of Guizhou Province, between
25°34′–26°05′N and 105°15′–105°49′E, with an area of
1,466 km2. /e altitude drops from 1,850m to 370m, an
absolute difference of 1,480m. More mountains are less
flat. Karst landform development accounts for more than
80% of the county’s land area [7]. /e Guanling region is a
typical subtropical monsoon humid climate zone, and the
sources of water vapor and the influencing factors of
precipitation are complex. According to the meteorolog-
ical data in this region, the average annual rainfall is 1,
268mm, and the average annual temperature is 16.2°C./e
dry and wet seasons in the study area are obvious./e rainy
season is from May to October, and the precipitation
accounts for more than 80% [8].

2.2. Collection and Analysis of Precipitation Samples. /is
study was conducted from March 2016 to February 2017 in
Naduo Village, Guanling County, 13 km away from the county

seat of Guanling, on the rooftop of a farmer’s bungalow
(105°35′E, 25°49′N). A dry and clean atmospheric precipitation
collector is placed in the open-air environment. /e collector
device is 25 cm away from the top layer and is hardly affected
by ground dust. A precipitation observation is conducted at
8 am and 8pm every day. Each time precipitation samples are
collected, the precleaned polyethylene bottle should be
moistened with precipitation samples, and then the collected
precipitation should be put into the sample bottle. After
tightening the cap, the bottle mouth shall be sealed with sealing
film to prevent isotope fractionation caused by evaporation.

Water samples were analyzed using the Los Gatos Re-
search (LGR) Company of the United States research and
development of liquid water isotope analyzer (DLT-100 type:
908-0008) measurement of oxygen precipitation and deute-
rium ratios; testing accuracy is δ18O≤ 0.1‰, δ2H≤ 0.5‰.
Among the water samples tested and analyzed, we selected the
different isotope ratio of the IAEAprototype as a reference and
selected the sample value relative to the average of the Vienna-
StandardMean OceanWater (V-SMOW). In this experiment,
the working samples LGR3A, LGR4A, and LGR5A produced
by American Company LICOR were selected as reference
samples to measure stable isotopes in the precipitation in the
Guanling area (see Table 1). In the sample test sequence, a
working standard sample is inserted every three samples, and
each sample is measured six times. /e results of the first two
measurements are automatically deleted, and the last four
measurements are saved to remove the memory effect [9, 10].

In the test analysis of the samples, standard samples with
different isotope ratios from the IAEA are used for reference.
/e standard sample values are expressed by the thou-
sandths of the V-SMOW.

2.3. Introduction to the Backward Trajectory Tracking Model.
/e HYSPLIT model is a professional model with an
Eulerian-Lagrangian module calculation jointly developed
by the National Oceanic and Atmospheric Administration
(NOAA) Air Resources Laboratory and the Australian
Bureau of Meteorology. It is used to analyze the propagation
and diffusion path of atmospheric pollutants.

It is used to analyze the propagation and diffusion path
of atmospheric pollutants. /e model can be used to track
the migration path of the particles carried by the flow and to
predict the wind field situation in real time. /e model
includes a forward trajectory tracking module and a back-
ward trajectory tracking module. /is paper adopts the
backward trajectory tracking module of this model. Com-
bined with the meteorological data reanalyzed by the Na-
tional Centre for Environmental Prediction/National Centre
for Atmospheric Research (NCEP/NCAR), the horizontal
resolution was 2.5° × 2.5°, and the vertical shared trajectory
mode was used to backward derive the particle trajectory for
166 h.

3. Results and Discussion

3.1. Characteristics of Stable Isotopic Changes in Atmospheric
Precipitation. /e seasonal variation characteristics of daily
precipitation are not obvious in the study area from March
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2016 to February 2017. During the observation period, the
annual precipitation was 1,100mm and the average tem-
perature was 16.9°C. From May to October, the annual
precipitation accounted for about 59.7%. Half a year in
winter, the annual precipitation accounted for about 40.3%.
/e annual distribution of precipitation is relatively average.
According to observations, small precipitation events
(P≤10mm) accounted for 79.1% of the total precipitation
events, while heavy precipitation events (P> 10mm)
accounted for 20.9%. Among them, there were six times in
total above 30mm, namely, 54mm from April 8 to 14,
70mm from May 23 to 27, 65mm from August 3 to 5,
37mm from August 23 to 26, 34mm from October 28 to 29,
and 51mm from December 3 to 4.

/e values of δ2H in the precipitation in the area range
from −149.8‰ to 25.9‰, with an average of −43.92‰; the
values of δ18O range from −19.8‰ to 0.5‰, with an average
of −7.13‰. According to previous studies, the range of δ2H
in the global precipitation is −300‰ to 131‰, with an
average of −22‰. δ18O varies from −54‰ to 31‰, and the
average value is −4‰ [11]. Zheng et al. found that the
content of 2H of atmospheric precipitation in China was
−190‰ to 20‰, with an average of −50‰. /e content of
18O is −24‰ to 2‰, and the average value is −8‰ [12]. In
the Guanling region, it can be seen that the precipitations
δ18O and δ2H are within the range of global and Chinese
values, and the average precipitations δ18O and δ2H in the
Guanling area are close to the average precipitation δ18O and
δ2H in China. However, it is less than the global average of
δ18O and δ2H, indicating that the source of precipitation
water vapor in the Guanling area has already experienced a
certain degree of wind distillation before reaching the area.

Due to the different water vapor sources and evaporation
conditions in this area, precipitations δ18O and δ2H have
obvious seasonal changes in wet and dry seasons. In summer
semiannual precipitation, the values of δ2H are between
−149.8‰ and 3.2‰, with an average of −59.98‰; the value
of δ18O is between −19.8‰ and 0.5‰, with an average of
−8.70‰. In winter semiannual precipitation, the values of
δ2H are between −72.45‰ and 25.9‰, with an average of
−13.95‰; the values of δ18O are between −13.74‰ and
−1.05‰, with an average of −4.18‰. /e water vapor in
winter precipitation mainly comes from the transport of the
Westerly and the supplement of local reevaporation of water
vapor. With low humidity and strong evaporation, the
enriched isotopes in the continental air mass might be
“washed” very weak along the way, leading to the enrich-
ment of heavy isotopes in precipitation. In summer, the
precipitation mainly comes from the marine air mass
transported by the southwest monsoon and the southeast
monsoon. Due to the high humidity and weak evaporation
of the Marine air mass, it constantly forms precipitation in

the process of moving to the study area. /e heavy isotopes
in the air mass might be “washed,” so the heavy isotopes in
the precipitation are greatly depleted. At the same time, the
change of precipitation of isotopes is also affected by water
vapor condensation temperature, transportation mode of
water vapor source, seasonal change of precipitation, tem-
perature, humidity during precipitation, and so on [13].

In conclusion, the variations of δ18O and δ2H values in
the precipitation in the Guanling region are generally
enriched in the winter half-year and depleted in the summer
half-year, relatively. /e correlation between the values of
δ2H and δ18O in the precipitation and amount of precipi-
tation is not obvious. Precipitations δ18O and δ2H are
significantly inversely related to the temperature in the
region (see Figure 1), and the fundamental reason lies in the
seasonal differences in the sources of precipitation moisture
and evaporation conditions [14].

3.2. Meteoric Water Line. /e linear relationship between
δ2H and δ18O of precipitation isotopes is called the meteoric
water line (MWL), and the slope and intercept of the MWL
are different under the influence of condensation temper-
ature, water vapor source and transport mode, seasonal
variation of precipitation, and air temperature and humidity
during precipitation [15]. Craig [16] defined this relationship
as the global meteoric water line (GMWL) with the equation
δ2H� 8δ18O+ 10. Each local meteoric water line is con-
trolled by regional climate factors including the origin of
water vapor air mass, secondary evaporation during pre-
cipitation, and seasonal variation of precipitation, which
affect deuterium surplus and slope [17].

Based on the analysis of precipitation stable isotope, the
equation of the meteoric water line (of the whole year) in the
study area is obtained using the least square method:
δ2H� 8.81δ18O+18.91 (R2� 0.975, n� 86) (see Figure 2).
Compared with the GMWL (δ2H� 8δ18O+10) [16] and the
MWL (δ2H� 7.9δ18O+8.2) reported by Zheng et al. [12] in
China, the slope and intercept of theMWL in the study area are
larger, which may be influenced by temperature, evaporation,
and other factors during the raindrop falling process [18]. /e
annual MWL in Guanling is similar to the MWL in Changsha
(δ2H� 8.74δ18O+15.46) [19], Fuzhou (δ2H� 8.84δ18O+16.19)
[19], and Yingtan (δ2H� 8.61δ18O+18.34) [20], indicating that
precipitation andmonsoon types and sources of water vapor are
similar in these areas, which are basically on the same water
vapor channel.

/e linear relationship between δ18O and δ2H in the
half-yearly precipitation in winter and summer in the
Guanling region is also different (see Figure 2). /eMWL of
half a year in summer is δ2H� 8.23δ18O+ 11.67 (R2 � 0.983,
n� 56), and the MWL of half a year in winter is
δ2H� 8.79δ18O+ 22.84 (R2 � 0.955, n� 30). Compared with
the MWL in summer and in winter half a year, the slope and
intercept of semiannual precipitation in winter are higher
than those of semiannual precipitation in summer, which is
related to the difference of dynamic fractionation processes
caused by different water vapor sources. /e MWL of
summer semiannual atmospheric precipitation is close to

Table 1: Standard samples of different specifications (‰).

Sample description δ18O (V-SMOW) δ2H (V-SMOW)
LGR3A −13.1 −96.4
LGR4A −7.7 −51.0
LGR5A −2.8 −9.5
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GMWL, indicating that water vapor in the summer semi-
annual precipitation originates from low-latitude oceanic air
mass. Compared with the MWL of the whole year, the MWL
of half a year in winter is closer to that of the whole year than
that of half a year in summer, indicating that the annual
MWL of the Guanling region is greatly affected by water
vapor sources in winter.

3.3. Correlation between Precipitation Stable Isotopes and
Meteorological Factors: Secondary Evaporation under Clouds.
/ere is a correlation between the hydrogen and oxygen
stable isotopic composition of meteoric precipitation and
various meteorological factors. However, among the many
meteorological factors that affect the variation of precipi-
tation stable isotopes, the temperature effect and amount
effect are particularly prominent. Dansgaard [21] found that
there was a significant positive correlation between pre-
cipitation δ18O and temperature, which was defined as the
temperature effect, while precipitation δ18O had an inverse

correlation with the amount of precipitation, which was
defined as the “amount effect.”

Temperature restricts condensation and evaporation and
affects stable isotope fractionation during precipitation. /e
lower the air temperature is, the higher the fractionation
coefficient of stable isotopes in precipitation is and the lower
δ18O in precipitation is [22]. Generally speaking, the tem-
perature effect mainly appears in the middle and high lat-
itudes, especially at the poles. /e deeper into the interior of
the continent goes, the higher the positive correlation be-
tween air temperature and the precipitation δ18O becomes
[11]. According to the isotopic monitoring data of atmo-
spheric precipitation in the Guanling area (see Figure 1), the
time scale is divided into annual scale, winter half-year,
summer half-year, monthly scale, and daily scale. And the
correlation between daily average temperature and precip-
itation δ18O was analyzed./e correlation between δ18O and
daily average temperature varies with different time scales.
/e correlation coefficients on the annual, monthly, and
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Figure 1: Correlations between δ18O in precipitation and meteorological parameters in the Guanling region.
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daily scales are 0.15, 0.26, and 0.69, respectively. /e smaller
the time scale, the better the correlation. Atmospheric
precipitation δ18O is only positively correlated with the
temperature on the daily scale and the half-year winter scale
but has no significant positive correlation with temperature
on other time scales. /is phenomenon is common in the
midlow latitudinal monsoon region, commonly known as
the inverse temperature effect. /is is mainly due to the
greater influence of the monsoon climate on δ18O in the
atmospheric precipitation. To some extent, the temperature
effect is suppressed and masked by the monsoon climate,

and the characteristic changes of stable isotopes on the
synoptic scale and the half-year winter scale can more ac-
curately reflect the changes of climatic and meteorological
elements in the region.

/e amount effect is related to the precipitation process
of severe convective weather. /e formation mechanism
mainly depends on three processes of precipitation for-
mation: evaporation conditions in the water vapor source
region, water vapor transmission process, and condensation
degree during precipitation [23]. /e value of δ18O is low in
the summer and autumn precipitation in the areas affected
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Figure 2: Equation of meteoric water line in the Guanling region.
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by the monsoon in China, while the value of δ18O is high in
the spring and winter precipitation in south China, which is
caused by not only the amount effect but also the influence of
the monsoon [11]. /rough the correlation analysis of daily
precipitation and precipitation δ18O, there is a negative
correlation between precipitation δ18O and the amount of
precipitation, namely, the amount effect. /e difference in
the time scale results in the difference in the correlation. /e
correlation coefficients of annual scale, monthly scale, and
daily scale are 0.006, 0.133, and 0.29, respectively. It can also
be seen that the smaller the time scale was, the better the
correlation between them would be. During August 3 to 5,
the change of the values of atmospheric precipitation δ18O
shows a V-shaped fluctuation, which may be caused by the
heavy isotopes 2H and 18O condensing into raindrops in the
process of rainfall. /erefore, δ18O tends to be enriched at
the beginning of rainfall, and as the rainfall progresses, the
heavy isotopes in the precipitation clouds are continuously
“washed away,” leading to the gradual depletion of rainfall
δ18O. In other words, δ18O decreases significantly with the
extension of time during rainfall, showing a significant
rainfall effect, while the fluctuation of δ18O during rainfall
can be considered as the influence of local water vapor
recycling [24].

In conclusion, the correlation between δ18O of precip-
itation and temperature and precipitation in the Guanling
area varies with different time scales. /e atmospheric
precipitation δ18O is positively correlated with the tem-
perature scale on the daily scale and the winter semiannual
scale, while the other time scales are negatively correlated. At
all time scales, precipitation δ18O shows an amount of effect
with the amount of precipitation. Meanwhile, with the
decrease of time scale, precipitation δ18O has a greater
correlation with temperature and amount of precipitation.
/e inverse temperature effect of δ18O is higher than that of
precipitation on the annual scale and monthly scale. /e
effects of temperature in winter and precipitation in summer
are significant. /e temperature effect and the amount effect
work together on a daily scale.

To explore whether there is a secondary evaporation
effect of stable isotopes of precipitation in the Guanling
region, 86 precipitation samples were divided into four
groups according to rainfall levels, and each rainfall level was
divided into 2–3 groups according to temperature level by
level. Slope, intercept, and correlation coefficient of the
MWL equation under different rainfall levels were compared
and analyzed (see Table 2).

According to research on the subcloud secondary evap-
oration effect of stable isotopes in precipitation in the Loess
Plateau [25], Yangtze River Basin [26], Haihe River Basin [27],
and Tengchong, Yunnan [11], with the increase of rainfall
level, the slope and intercept of the MWL also increase.
Raindrops in small rainfall events are more susceptible to
secondary evaporation at the cloud bottom during the falling
process, and dynamic fractionation is intensified, resulting in
a significant decrease in the slope and intercept of MWL. For
large rainfall events or continuous rainfall events, the at-
mosphere at the bottom of the cloud tends to be saturated, the
influence of secondary evaporation on raindrop falling is

weakened, and the slope and intercept of theMWL eventually
increase correspondingly. /e research results in the Guan-
ling region show that as the rainfall level increases, the stable
heavy isotopes gradually become depleted, and the slope and
intercept of the MWL decrease, including the slope from
9.13‰ (P≤1mm) to 8.08‰ (P> 10mm) and the corre-
sponding intercept from 21.42‰ to 11.31‰. /e stable
isotopes in the precipitation are less affected by the secondary
evaporation effect of the cloud bottom. It can be found that,
for the P≤ 1mm of rainfall events, the slope and intercept of
the MWL are significantly greater than other rainfall levels,
which may be caused by unbalanced secondary or multiple
evaporation during raindrop falling. In the case of rainfall
events for P> 10mm, the slope and intercept of the MWL are
smaller than those of other rainfall classes./e reasonsmay be
attributed to the fact that the raindrop is subjected to greatly
unbalanced evaporation during the falling process, and the
dynamic fractionation of stable isotopes is intensified, which
results in the decrease of slope and intercept of the MWL.

When the temperature level of P≤ 5mm is from
10°C<T≤ 20°C to 20°C<T≤ 30°C, the variation range of the
average values of δ2H is −55.94‰ to −55.9‰, and the
variation range of the average values of δ18O is −6.76‰ to
−5.82‰. When P> 10mm, the temperature range is from
5°C≤T≤ 20°C to 20°C<T≤ 30°C, the variation range of the
average values of δ2H is −44.43‰ to −5.2‰, and the var-
iation range of the average values of δ18O is −4.79‰ to
−1.09‰. At the same time, when P≤ 5mm, the temperature
increases by 10°C, the variation range of the slope difference
of the atmospheric precipitation line is 1.03–2.07 and
0.6–1.59, respectively.When P> 10mm and the temperature
rises by 15°C, the slope difference of the MWL changes in the
range of 0.37 and 0.39. /e results show that, with the in-
crease of temperature, the greater the precipitation, the
smaller the range of the MWL slope change.

3.4. Excess Deuterium. Dansgaard first defined the concept
of d-excess: d-excess� δ2H–8δ18O. /e average value of d-
excess in global precipitation is about 10‰, and the d-excess
means the degree to which the stable isotope of local pre-
cipitation deviates from the GMWL due to the dynamic
fractionation of isotopes in the process of vapor evaporation
[28]; it can reflect that water evaporates to form the con-
ditions of heat and moisture balance and reflect the pre-
cipitation formation of geographical environment and
climatic conditions [29]. In the monsoon-affected areas of
China, the winter wind is affected by dry continental air
mass as well as atmospheric water vapor evaporation, the d-
excess value is generally greater than 10‰, during the
summer monsoon influenced by moist maritime air mois-
ture, and the d-excess value is generally less than 10‰,
reflecting that the rainfall from winter and summer mon-
soon clouds has different source areas [24]. /e variation of
d-excess in the Guanling area ranged from −8.11‰ to
31.81‰, with an average of 13.08‰. In addition, there are
also significant differences in the average d-excess values of
the half-year precipitation in the winter and summer. /e
range of d-excess values in the summer half-year is −8.11‰
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to 18.76‰, with an average value of 9.64‰. /e range of d-
excess values in the winter half-year is 11.32‰–31.81‰, and
the average d-excess values are up to 19.52‰. It indicated
that the water vapor source in the Guanling area was not
single, and the period affected by winter monsoon was
longer than that of summer monsoon. /e participation of
local evaporating water vapor in water cycle was an im-
portant factor for the large deuterium surplus [22]. As can be
seen from Figure 3, there are two regions where the d-excess
values were unusually low or unusually high. Abnormally
low area in summer half-year, the minimum value of
−8.11‰, according to the China meteorological data net-
work monitoring results, are in the period of continuous
precipitation during this period, the biggest precipitation is
41mm; the reasons may be high air humidity, maritime air
mass in the process of water vapor transmission and weak
imbalance fractionation. /is keeps the deuterium surplus
low from June to September. In winter half year, the highest
value is 31.81‰, which may be due to the local evaporation
of water vapor in the process of water vapor transport. When
water body evaporates in unsaturated atmosphere, the ratio
of 2H to 18O fractionation in evaporated water vapor is
accelerated by the combined effect of light isotope prefer-
ential evaporation and dynamic fractionation, resulting in
the increase of dδ2H/dδ18O and d-excess in water vapor [11].

In atmospheric precipitation, the d-excess value is
mainly related to meteorological conditions such as
temperature, relative humidity, wind speed, water surface
temperature, and roughness of the water body, among
which temperature and humidity are the main factors
that determine the evaporation of falling raindrops and
the basic characteristic values that reflect atmospheric
physical conditions and different water vapor sources
[14]. /e correlation between the d-excess value and the
average daily temperature and precipitation was obtained
by the least square method: d-excess � −0.73 T + 25.75,
R2 � 0.569, n � 86; d-excess � −0.07P + 13.51, R2 � 0.002,
n � 86. /ere is a significant negative correlation between
the d-excess value and the daily average temperature,
while there is a very weak negative correlation between
the d-excess value and the precipitation./at is, in the dry
season, due to the transportation of water vapor in the

westerly zone, the temperature is low, the relative hu-
midity of the air is small, and the evaporation is fast. At
the same time, it is mixed with part of the local evapo-
rating water vapor to a large extent, resulting in relative
enrichment of heavy isotopes and high d-value. /e rainy
season comes from low latitude humidity. /e replen-
ishment of the ocean air masses is less affected by sec-
ondary evaporation under the clouds during the fall of
raindrops. /e temperature is high, the relative humidity
is high, the evaporation is slow, the heavy isotopes are
gradually leached and depleted, and the d-excess value is
low.

3.5. Source Analysis of Water Vapor in Precipitation Events.
In order to verify the source in the Guanling area, which
indicates precipitation water vapor, the reliability of the six
sets of stable hydrogen and oxygen isotope techniques
representing precipitation events in the summer and winter
half of the year were selected, respectively. /e backward
trajectory tracking module of HYSPLIT was used to track
the water vapor source and migration path of each pre-
cipitation event. /ree heights of 1,000, 2,500, and 3,000m
in the vertical direction were selected as the initial height of
the simulation, which simulated the motion trajectory of the
backward tracking for 166 h. It can cover continuous pre-
cipitation events and improve the tracking precision of the
water vapor source and transmission path.

Figures 4(a), 4(e), and 4(f ) show the water vapor mi-
gration track results for three groups of precipitation events
in the winter half-year. Figures 4(b)–4(d) show the water
vapor migration path results for three groups of precipi-
tation events in the summer half-year. As shown in the
above study, the values of δ18O and δ2H vary greatly in
winter and summer, which were usually lower in summer
and higher in winter, mainly due to different water vapor
sources and evaporation conditions. Meanwhile, the
comparison of d-excess values indicated that δ18O and δ2H
vary widely in winter and summer. /e period of water
vapor affected by winter monsoon is longer than the
summer monsoon, and the local evaporative water vapor is
an important factor for deuterium surplus. In winter, the

Table 2: /e δ2H-δ18O correlation parameters for different precipitation levels in the Guanling region.

Precipitation
grades

Temperature
class

Sample
size

δ2H
average
(‰)

δ18O
average
(‰)

Rainfall
(mm)

/e slope
of MWL
(‰)

/e intercept
of MWL (‰)

Correlation coefficient
(r)

P≤ 1mm
1°C≤T≤10°C 7 −2.29 −3.27 4 11.09 33.97 0.859
10°C<T≤ 20°C 8 −11.49 −3.62 4 9.02 21.19 0.971
20°C<T≤ 30°C 17 −67.39 −9.44 7 7.99 7.99 0.993

1mm<P≤ 5mm
1°C≤T≤10°C 7 −18.4 −5.67 19 9.36 29.04 0.979
10°C<T≤ 20°C 10 −17.51 −3.45 25 7.77 14.1 0.987
20°C<T≤ 30°C 11 −73.45 −10.21 19 8.37 11.99 0.976

5mm<P≤ 10mm 5°C≤T≤ 20°C 5 −48.48 −7.63 47 8.5 16.39 0.997
20°C<T≤ 30°C 3 −43.28 −6.54 32 8.13 9.83 0.999

P> 10mm 5°C≤T≤ 20°C 9 −34.23 −5.99 187 7.94 13.34 0.976
20°C<T≤ 30°C 9 −78.66 −10.78 198 7.55 2.78 0.973

Total precipitation sample 86 −43.92 −7.13 542 8.81 18.91 0.975
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water vapor mainly comes from westerly transport, re-
plenishment, and local reevaporation near the source sea.
/e simulation of the water vapor track of three groups of
precipitation events shows that the near-source ocean
water vapor and local reevaporation water vapor are
dominant. Due to the migration path being shorter, the
water vapor in the heavy isotopes experiences a “wash”
function that is not strong, causing the heavy isotopes in
the water vapor condensation to have priority for pre-
cipitation; δ2H and δ18O values as a whole are on the high
side. /e water vapor in the summer half-year mainly
comes from the transport of water vapor from distant
sources at low latitudes, such as the Arabian Sea, the Bay of

Bengal, the South China Sea, and the Western Pacific
Ocean, and is also accompanied by local reevaporation./e
long-distance transport of water vapor causes the heavy
stable isotopes in the water vapor cluster to be continuously
“washed,” and the values of δ2H and δ18O are generally low.
In addition, during the typhoon, the change of stable
isotopes in precipitation presents unique characteristics.
Typhoon No. 4, 2016, “Nida,” landed on the coast of
Dapeng street, Dapeng New District, Shenzhen, Guang-
dong Province, on August 2. /e long-distance water vapor
transport brought abundant precipitation to Guanling area,
with continuous precipitation of 65 mm, and heavy stable
isotopes continuously being “washed” along the way,
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Figure 3: Variations of d-excess in precipitation in the Guanling region.
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Figure 4: Continued.
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resulting in precipitation, δ2H and δ18O are at the lowest
value of the whole year.

4. Conclusion

(1) /e values of δ2H and δ18O in the precipitation in the
study region are generally higher in the winter half-
year and lower in the summer half-year. /e main
reason is the seasonal difference in precipitation
sources, moisture, and evaporation conditions. /e
d-excess average values of the half-year precipitation
in winter and summer vary significantly. /e higher
average d-excess value of winter precipitation indi-
cates that there is no single regional water source and
it is affected by the winter monsoon which is longer
than the summer monsoon period. /e evaporation
of atmospheric water vapor in the water cycle is an
important factor in excess deuterium. At the same
time, there is a significant negative correlation be-
tween the d-excess value and the daily average
temperature.

(2) In the study area, the slope and intercept of theMWL
equation (δ2H� 8.81δ18O+ 18.91) are large, indi-
cating that the climate in this area is warm and
humid, and the secondary evaporation has a little
influence on the precipitation process. Compared
with the MWL in summer and winter half-year, the
slope and intercept of the MWL in winter half-year
are higher than those in summer half-year, which is
related to the difference of dynamic fractionation
process in summer and winter half-year caused by
different water vapor sources. At the same time, the
MWL in the winter half-year is close to the annual
MWL, indicating that it is greatly affected by the

sources of water vapor in the winter half-year in the
Guanling area.

(3) /e research results in the Guanling region show
that the slope and intercept of the MWL decrease
with the increase of rainfall level, and stable iso-
topes in precipitation are less affected by the sec-
ondary evaporation effect of the cloud bottom. /e
correlation between atmospheric precipitation
δ18O and temperature and precipitation varies with
different time scales. With the decrease of time
scales, the correlation between atmospheric pre-
cipitation δ18O and temperature and precipitation
is greater. At the same time, when P≤ 5mm, the
temperature is at 10°C < T ≤ 30°C, stable isotope
change is the most sensitive, and with the increase
of temperature, the greater the precipitation is, the
smaller the change range of the slope of the MWL
is.

(4) /e water vapor in the winter half of the year mainly
comes from the transportation of the westerly wind,
the replenishment of water vapor near the source sea,
and local reevaporation. /e simulation of water
vapor track of three groups of precipitation events
shows that the near-source ocean water vapor and
local reevaporating water vapor are dominant, which
further proves that the participation of local evap-
orating water vapor in water circulation is a fun-
damental factor that leads to the greater d-excess in
the winter half-year. In the half-year of summer, the
water vapor mainly comes from the transport of
water vapor from distant sources in low latitudes,
such as the Arabian Sea, the Bay of Bengal, the South
China Sea, and theWestern Pacific Ocean, and is also
accompanied by local reevaporation. During the
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Figure 4: Backward trajectory of water vapor at different time in the Guanling region. (a) 2016-4-14. (b) 2016-5-27. (c) 2016-8-7. (d) 2016-8-
29. (e) 2016-11-1. (f ) 2016-12-7.
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influence of tropical cyclones, the values of δ2H and
δ18O in precipitation are more negative.
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