Research on the hydrologic cycle characteristics

using stable isotopes of oxygen and hydrogen in the
Jinxiuchuan Basin

e Tong Wang ® Zhenghe Xu* o
University of Jinan, China

*Corresponding author

¢ Shengdong Zhang
Beijing Zhongshui Runke Certification Co., Ltd., China

e Lizhi Zhang e Zhigiang Zhao
University of Jinan, China

Abstract

Wang, T., Xu, Z., Zhang, S., Zhang, L., & Zhao, Z. (March-
April, 2017). Research on the hydrologic cycle characteristics
using stable isotopes of oxygen and hydrogen in the
Jinxiuchuan Basin. Water Technology and Sciences (in Spanish),
8(2), 105-115

Stable isotopes of oxygen (8"0) and hydrogen (3D) in
water were used as important indicators to research the
hydrologic cycle or processes. To study the hydrologic
cycle characteristics of the Jinxiuchuan basin, the isotope
labelling and the industrial salt tracing method were used
in this research. Sixty-seven samples of different water
bodies were collected at different sampling sites from July
2011 to July 2012. The stable hydrogen and oxygen isotopes
in water samples were measured by using Liquid Water
Isotope Analyzer (LWIA-24d) to study the conversion
relationship among precipitation, river water, soil water,
and groundwater of the Jinxiuchuan basin in Jinan. The
results show that 8D and 8O varied from 35.6 %o to 128.3
%o and from 5.3 %o to 17.5%o, respectively. A meteoric water
line of 8D = 7.168"0 + 4.35%0, which was in accordance
with the global meteoric water line and the meteoric water
line of China, was established in the Jinxiuchuan basin.
The deuterium excess values vary with time and space,
ranging from 5.1 to 22.3%o, and increase gradually from
the southeast to the northwest. In addition, the exchange
of different water bodies was determined preliminarily,
the rates of precipitation transforming into river water, soil
water, and groundwater are 43.76%, 21.91% and 6.84%,
and the remaining is 27.49% returned to the atmosphere.
The results indicated the hydrologic cycle characteristics
in the Jinxiuchuan basin. It may provide the references for
precipitation isotopes research in semi-humid regions.

Keywords: Stable isotopes of hydrogen and oxygen;
precipitation; deuterium excess; Jinxiuchuan basin.

Resumen

Wang, T., Xu, Z., Zhang, S., Zhang, L., & Zhao, Z. (marzo-abril,
2017). Estudio de las caracteristicas del ciclo hidrolégico empleando
isétopos estables de oxigeno e hidrégeno en la cuenca de Jinxiuchuan.
Tecnologia y Ciencias del Agua, 8(2), 105-115.

Se emplearon isétopos estables de oxigeno (60) e hidrégeno (6D)
en agua como indicadores importantes para comprender el ciclo
hidroldgico o sus procesos. Para comprender las caracteristicas del
ciclo hidrolégico en la cuenca de [inxiuchuan, en este estudio se
empleé el método de marcaje isotdpico y la técnica de trazabilidad
de sal industrial. Se tomaron 67 muestras de distintos cuerpos de
agua en diferentes sitios de muestreo de julio de 2011 a julio de
2012. Se midieron los isétopos estables de hidrdgeno y oxigeno en
las muestras de agua mediante el uso del Analizador de Isétopos
en Agua Liquida (LWIA-24-d) para examinar el vinculo entre la
precipitacion, el agua de rio, el agua de suelo y el agua subterrdnea
de la cuenca de Jinxiuchuan, en Jinan. Los resultados muestran
que 6D y 60 wvariaron de 35.6 %ooa 128.3 %oy de 5.3 %oa 17.5
%0 respectivamente. La linea de agua metedrica se establecié en la
cuenca de Jinxiuchuan, por ejemplo 6D=7.166"0+4.35 % lo cual
concordé con la linea de agua metedrica global y la linea de agua
metedrica de China. Los valores de exceso de deuterio varian en el
tiempo y el espacio, entre 5.1 y 22 %q e incrementan gradualmente
del sudeste al noroeste. Asimismo, se determind preliminarmente el
intercambio de distintos cuerpos de agua; los indices de precipitacién
que se transformé en agua de rio, agua de suelo y agua subterrdnea
son de 43.76%, 21.91% y 6.84%, y el restante 27.49% regresé a
la atmdsfera. Los resultados indicaron las caracteristicas del ciclo
hidroldgico en la cuenca de Jinxiuchuan, las cuales tienen valor de
referencia para la investigacion de isétopos en la precipitacion en
regiones semihtimedas.

Palabras clave: isétopos estables de hidrégeno y oxigeno,
precipitacion, exceso de deuterio, cuenca de Jinxiuchuan.
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Introduction

The hydrogen and oxygen stable isotopes in
water are widely used as tracers in meteorol-
ogy, hydrology, and hydrogeology (Bosilovich
& Schubert, 2002; Wang & Xu, 2011). The stable
isotopes fractionation run through the entire
hydrologic cycle in large scale, and the environ-
ment change as well as the mixing of different
water make the content of D and §'°0 different
from other water bodies (Zhang, Wu, & Wen,
2006; He et al., 2006). The isotopic ratios of hy-
drogen and oxygen in precipitation are closely
related with meteorological processes and mois-
ture sources. The 8D and 8'°0O, particularly in
the small-sized basin, are not only controlled by
the climate change (Wu, Wan, & Lin, 2011; Wu,
Yang, & Ding, 2011; Pan, Ping, & Gleixner, 2011),
but also affected by the local meteorological and
geographical conditions that make them change
regularly with time and space (Price & Swart,
2008). In view of the composition of stable iso-
topes in precipitation, the main issues in this
research field have focused on the temporal
and spatial variation, the meteoric water line,
deuterium excess, isotope effect and theoretical
relations, and so on (Li, Zhang, & Ma, 2012).
The research on hydrogen and oxygen studied
in China had started in 1966, and observation
stations of stable isotope were built up collect
rainfall samples in large and medium-sized
cities of China (Song, Liu, & Sun, 2007). Zhang
and Wu (2007) analyzed the change of 8*0 in
precipitation based on the rainfall samples and
meteorological data, the results showed that
80 was affected by season, altitude, rainfall
and temperature effects. Liu, Tian and Yao
(2009) analyzed the relationships of 80O in
precipitation with latitude and altitude, and
established a quantitative relationship.

The data of stable isotopes in precipitation
presented a seasonal distribution in the semi-
arid and semi-humid region in China (Tian
& Yao, 2004). However, the research on the
stable isotopes of atmospheric precipitation in
monsoon climate mountain area was relatively
less than others so far. In view of the current
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status of the research in this field, this paper
aimed to the following parts: (1) the variation
of stable isotopes in atmospheric precipitation;
(2) the establishment of local meteoric water line
equation, and (3) the conversion rates of precipi-
tation into surface water, groundwater, and soil
water. Meanwhile, some insights to the water
cycle mechanism in the semi-humid region
will be added in this research. This paper may
provide technical support for the establishment
of the eco-hydrologic model and the sustainable
management of water resources.

Material and methods
Site description

The study area is located in the southern moun-
tainous area of Jinan, Shandong Province. The
area of the drainage basin is 528.2 km? with a
total river length of 41.63 km (figurel). There
are two reservoirs, Jinxiuchuan Reservoir and
Wohushan Reservoir, in the study area. The
Jinxiuchuan Reservoir is located in the mid-
stream, and the other one in the downstream.
The total storage capacity is 0.6 billion m®. They
are not only the main drinking water sources
of the resident population but also the recharge
area of rivers, lakes, and springs of Jinan.

The climate is of the semi-humid warm tem-
perate continental monsoon type with annual
average precipitation of 703.1 mm. According
to the survey, there are few historical precipita-
tion of spring (April) and autumn (October) in
Jinxiuchuan Basin, and maximum precipitation
is 0.8 mm occasionally. Summer is generally
from late May to early September. The average
temperature is about 25.1 °C and the extreme
maximum temperature is more than 40 °C. The
average rainfall is about 380 mm that over 83%
of the annual rainfall due to the warm moist
air flow from the sea. Winter is generally from
late November to early March of the following
year. Due to the continental polar air masses,
the average temperature of the region in win-
ter is about 2 °C, and rainfall is about 6 to 15
mm, which occupies only 6-11% of the annual



Wang et al,, Research on the hydrologic cycle characteristics using stable isotopes of oxygen and hydrogen in the Jinxiuchuan Basin

Sampling sites

® 5ol A
* River '

Precipitation

Groundwater
®  Wohushan reservoir
. Jinxiuchuan reservoir
0

25 005 000 10 000
T

Figure 1. The map of the study area and sampling sites (1 Zhonggong; 2 Jinxiuchuan watershed; 3 Ouchi; 4 Zhengjia; 5 Liubu).

rainfall. The transitional seasons of spring and
autumn are both less than two months. The
Jinxiuchuan Basin'’s climate is characterized by
spring the dry multi-winds, the winter snow.
The Jinxiuchuan basin basement is Archean
Taishan Group metamorphic rock, which terrain
slopes downward from the south to the north.
The rock stratum is monoclinic occurrence with-
out obvious folds. The basin mainly includes
Cambrian and Ordovician, which are limestone.
The surface dissolution is well developed with
karren, slot, dissolving fissure, and so on. It has
good connectivity, which can be propitious to
recharge groundwater in the Jinxiuchuan basin.

Sample collection and analysis method
Sampling methods

Water samples of precipitation, river water, soil
and groundwater, as show in figure 1, were
collected from July 2011 to July 2012. After each
precipitation event, rainfall samples in all sites
were collected, which were obtained by rainwa-

ter tanks. In order to avoid isotope fractionation,
each rainfall sample was stocked in a 150 ml
sealed brown vial and placed in the dark at a
lower temperature.

To ensure the accuracy of water samples of
river and groundwater, the implementation
of sampling must strictly enforce accord-
ing to Assurance Manual of Environmental
Water Monitoring Quantity (China National
Environmental Monitoring Centre Assurance,
2010). Water specimens were collected by us-
ing polyethylene bottle of acid-washed. During
sampling procedure, firstly, the bottles were
washed three times by using raw water, then
samples were collected at the sampling sites. To
avoid the isotopic fractionation of the sample,
firstly, samples were collected below the surface,
then the air in the bottle was vented, and the
samples were stored in an airtight; finally, the
samples were sent to a laboratory to analyze
under refrigerated conditions.

According to characteristics of topsoil in
the Jinxiuchuan Basin, the soil samples were
collected from five different depths (0-10 cm,
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10-20 cm, 20-25 cm, 25-30 cm, 30-35 cm). The
collect private collector of soil was employed to
store it, to avoid isotope fractionation, the sam-
ples were sealed in a cool place. In the end, 67
samples of different water bodies were collected
for analyzing the composition of hydrogen and
oxygen stable isotopes.

Analysis method

Water samples were analyzed by using Liquid
Water Isotope Analyzer (LWIA-24d, Los Gatos
Research, USA) at the Key Laboratory for Yel-
low River Delta Ecological Environment of
Shandong Province. Based on the international
V-SMOW standard, isotope value was marked
by 8 (%o). d refers to thousand points of differ-
ence between the ratios of the two measured
stable isotopes and the standard (Craig, 1961),
as the following Eq. (1):

R -R
6%{7 _ sample standard x 103 (1)

standard

Where R is the isotope ratio (D/H or
180/1%0), the positive and negative value of &
indicated that the sample is richer in the heavy
isotope and light isotope than the standard,
respectively. The precision of the D/H is within
+ 0.6%0, and 80 /O within + 0.2%o.

The calculation of weighted average is
showed in the following. As a starting point,
suppose that there are X samples, and they are
X, X,..., X,(I=1,2,3... n). Every sample (X))
contains a certain amount of Y. The weighted
average of Y is called Y’, and the formula as
follow:

Water retention and renewal time is an
important link in the transformation process
of water in the phreatic water aquifer. The two
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end-member isotope mixing model is used to
part water sources. Given that mixed water
(sample) comprises well mixed M and N water
samples, the proportions of M and N in the
sample can be derived from a conventional two
end-member mass-balance equation in terms of

d values:
Qsampleasample = QM6M + QNéN (3)
Qsample = QM + QN (4)
X = e ©)
Qsample

Where X, and X, are the fractions of M and
N in the sample, respectively.
The solution for X, is:

o, .—0
XM - 5gmpli6 N (6)

M N

Results and discussion

Variations of 8D and 8"0 of the Jinxiuchuan
Basin

From July 2011 to July 2012, the basic informa-
tion of precipitation, temperature and relative
humidity was measured and showed in figure 2.
The results showed that: precipitation and tem-
perature have obvious seasonal variations. The
average monthly relative humidity gradually
decreases from February. The lowest value is
about 36% in April or May, the maximum value
of 89% in August. However, the value of relative
humidity in September decreases again, and the
difference between maximum and minimum
value is 53% in figure 2.

The data of stable isotopes in precipitation
was employed to research its change in the local
region. The characteristic values of isotopiciso-
topic included the weighted average value of
dD, 8"%0 and deuterium excess in each sampling
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Figure 2. The monthly rainfall, temperature and relative humidity from 2011.7 to 2012.7.
Table 1. Atmospheric precipitation details in the Jinxiuchuan Basin.
Relative Average |Weighted average
li Height A thl -
Sam.p "8 | Location | .8 Time verage mon o v humidity monthly value (o) d-excess
points (m) Temperature (°C) . (d) (%oo)
(%) rainfall (m) SD 510
1 117.01°E 127 Summer 26 78 76 -61.5 -8.9 9.7
36.49°N Winter 1 54 8 -109.3 -15.6 15.5
5 117.17°E 240 Summer 27 82 124.2 -54.4 -7.9 8.8
36.51°N Winter 2 50 19 -87.8 -12.8 14.6
3 117.22°E . Summer 27 86 156.1 -44.9 -6.4 6.3
36.47°N Winter 2.5 55 26 -92.9 -13.6 15.9
A 117.07°E s Summer 26 66 69 -63.1 9.1 9.7
36.55°N Winter 0 43 21 -113.8 -16.3 16.6
5 117.11°E 261 Summer 27 74 51 -62.7 -9 9.3
36.42°N Winter 1 41 2 -116.6 -15.8 9.8

site (Wu et al., 2011a y b; Zhai, Wang, & Teng,
2011), as shown in Table 1. Summer precipita-
tion is from June to September, and the winter
precipitation is from November through the
following March. April, May, and October are
the major time of transmission for water vapor.
The local evaporation is relatively slow with low
surface temperature, and cannot form effective
precipitation. In order to avoid replication of the
season samples, the precipitation data of these
three months are not used for comparison.
According to the isotope data, 8D in atmo-
spheric precipitation is within the limits of
-128.3 to -35.6%o, averaging -79.8%o, while 850
range from -17.5%o to -5.3%o, with the average

of -11.3%o0. Comparing the two isotope values,
the change of 8”0 is smaller than 3D. The
reason is mainly that the fractionation effect of
hydrogen isotope is much better than oxygen
isotope. Zheng, Hou and Ni (1983) reported that
8D range from -210%o to 20%o, and 8O from
-24%o to 2.0%o in precipitation of China. In the
study area, the stable isotopes content belong to
the ranges of China and the global atmospheric
precipitation, and the average values are smaller
than both of them.

The weighted average values of 8D and 0O
in precipitation were obtained by the precipi-
tation-weighted method, to get the seasonal
variation law of the isotope values, as shown in
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Figure 3. Changes of 8D and 180 in precipitation with time from 2011.7 to 2012.7.

figure 3. The results indicated that 8D and 8O
have an obvious change with the season, and
the maximum values of 8D and 8O occurred
in July and August (wet season) were -35.6%
and 5.3%, respectively; and their average val-
ues were -43.8%o and -7.6%o, respectively. The
minimum 8D and 8®O occurred in November
and December (the dry season) were -128.3%0
and -17.5%o, respectively, and the average were
-122.6%o0 and -15.3%o, respectively.

The isotope values shown in figure 3 has
great difference between summer and winter,
and it indicated the precipitation was controlled
by different water sources. The basin has a
typical monsoon climate and is affected by the
warm moist air flows from the sea, and the rainy
days and precipitation amount are mainly con-
centrated in summer. It results in the enrichment
of heavier isotopes, therefore, the values of 8D
and 80 become larger. However, the polar con-
tinental air mass is prevailing in winter, and the
weather is dry and wintry. As the vapor pres-
sure of isotope is inversely proportional to the
mass number, heavy isotopes were condensed
preferentially with transported of water vapor,
and it led to 6D and 8'O dilution in precipita-
tion. The reason eventually made 8D and 8O
decrescent in winter precipitation. Precipitation
was invalid in April and October for analyzing
isotopes. In history, the rainfall amount of April
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and October is little in the Jinxiuchuan Basin.
Results from figure 3 indicated that sampling
sites are the most representative.

Meteoric water line of the Jinxiuchuan
Basin

The relationship between 8D and $'*O of pre-
cipitation is generally referred to the meteoric
water line (MWL), which is of great significance
to study the isotope changes in the water cycle
(Li, Li, & Shen, 2010). Craig (1961) initially
put forward for the global meteoric water line
(GMWL) equation: 8D = 83'%0 + 10%u, the aver-
age value of GMWL is 10%o. When the values
are less than 10%o, the imbalanced degree of the
gas and liquid isotopic fractionation has a big
impact on the formation of clouds. If it is less
than 10%o, the evaporation plays a significant
role during the precipitation process. According
to the 107 rainfall samples of isotopes, Zheng
Shuhui et al. (1983) obtained the meteoric water
line in China(CMWL): §(D) = 7.98"%0 + 8.2%o.
The local meteoric water line (LMWL) equation
is as follows: 8D = 7.1680 + 4.35%o0, R*>= 0.92.
The LMWL of the Jinxiuchuan Basin is close
to GMWL and CMWL, as shown in figure 4.
But the slope and intercept of the former line
are lower than those of the latter, due to the im-
pact of evaporation. The 8D and 8"O values of
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Figure 4. The relationship between 8D and 8180 in precipitation.

precipitation are mainly distributed in -90%o ~
-30%o0 and -11%o ~ -5%o in summer, respectively.
The variation ranges of 8D and 8"0 of precipita-
tion are -130%0 ~ -70%0 and -17.5%0 ~ -12.8%0 in
winter respectively, influenced by evaporation.
Most of the isotope values are higher in summer
than those in winter from the figure 4.

Deuterium excess analysis (d-excess)

Deuterium excess (d-excess), referred to as
d value, is put forward by Dansgaard (1964),
the formula for d = 3D — 88'%0. Different val-
ues reflect the disparate unbalanced degree of
evaporation and condensation process in the
region intuitively. It also shows the relationship
between d and evaporation rate in the region of
the moisture source. In other words, the higher
evaporation, the greater the value of d. It is actu-
ally an important comprehensive environmental
index of atmospheric precipitation (Wang,
Chen, & Wang, 2009). According to the linear
relationship between d values and isotopes, the
former is considerably affected by temperature,
humidity, rainfall and secondary evaporation
within the region. Generally, global average d
value is 10%o. The process of the water cycle is
mainly affected by evaporation in one region,
and d value is greater than 10%o in general.

In the study area, vapor sources of pre-
cipitation have different sources in summer
and winter due to the monsoon, which led to
higher d value in winter than summer. In ad-
dition, the d values of different sampling sites
along the direction of the clouds movement
are different. There is little precipitation at
Zhonggong and Liubu sampling sites, therefore
it is not discussed. The changes of d value at
Zhengjia, Jinxiuchuan Reservoir, and Ouchi
sampling sites from July 2011 to July 2012 are
shown in figure 5. The d values vary from 5.1 to
22.3%o throughout the year. It ranges from 5.1
to 10%o in summer (from June to September),
the average is 7.9%o, and the maximum is less
than 10%o. The results indicated that the area
is mainly controlled by marine air masses in
summer. However, d values are higher in winter
(from December to March), with the range 12.8
to 22.3%o, and an average of 14.0%o, which is
higher than summer. It showed that the d value
is mainly affected by polar air masses in winter.

Due to the monsoon climate, the ocean warm
air masses firstly move to the Jinxiuchuan Basin
in summer, and then pass the Ouchi sampling
site located in the southeast. The isotope data
of Ouchi represent the initial summer precipita-
tion data, the d value of 5.1%o; d values tends
to increase from southeastern (Ouchi) to north-
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Figure 5. Change curve of deuterium excess from 2011.7 to 2012.7.

western (Zhengjia), range from 5.1 to 7.0%o. In
winter, the polar continental air masses first
reach to Zhengjia rainfall station located in the
northwest and the isotope data can represent
the initial winter precipitation data, d value is
22.3%uo; d values tends to decrease from Zhengjia
to Ouchi, range from 22.3 to 12.8%o.

Analysis of conversion relationship among
different water

Hydrogen and oxygen isotopes are used to mark
atmospheric precipitation, river water, Spring
water (groundwater) and soil water. According
to the representative sample data of 37 groups,

the isotope compositions in different water were
compared, and the transforming relationships
were determined.

As showed in figure 6, 80 values of river
water are near the atmospheric precipitation
line with a small deviation, and these points
scatter between the values of precipitation
and groundwater of the Jinxiuchuan Basin. It
indicated that supply components for the river
are consistent with the river components. The
study area belongs to mountain and hilly area,
whose area is small so that atmospheric precipi-
tation mainly transforms into surface water and
groundwater. Those are the main supply source
of the river.

-30.00 o Precivitati
recipitation 8D = 8.076'%0 + 7.23%/00
-40.00 .
m River water o

-50.00 A Groundawater %
g -60.00 % Soil water
fe)
S~
a -70.00 o

-80.00

o
90.00 ©
_100,00 1 1 1 1 1 J
-12.00 -11.00 -10.00 -9.00 -8.00 -7.00 -6.00
§'30/9/00

Figure 6. Analysis of isotope composition in different water.
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The 3'%0 values of groundwater and river
water have a high degree of fitting, and the 80O
values of groundwater are mainly distributed
among the 8'°0 values of precipitation, as shown
in figure 6. The results showed that there are
close relationships in different water bodies. The
soil thickness is small and the average of about
20 cm, and a rigid top slab of the impermeable
floor. However, karren, slot, dissolving fissure
develop extraordinary in the Jinxiuchuan Basin,
so as to the more frequent hydraulic contact
between groundwater and precipitation.

In the Jinxiuchuan Basin, the river is sup-
plied by precipitation in the form of overland
flow, and soil water and groundwater from in-
filtration of precipitation. Groundwater exposes
on the surface and supplies river by spring.
River evaporates in the process of flow and then
returns into the atmosphere. The water cycle
is completed between different water bodies
finally. According to equation (6) and take §'*O
for example, §,, is the value of precipitation, "0
=-7.9713%o0; 8, is the value of groundwater, !0
= -8.8895%0; 6sample is the value of river water,
8180 = -8.4877%o. After calculation, precipitation
accounts for 43.76% in river water. In the same
way, precipitation accounts for 21.91% in soil
water and 6.84% in groundwater, as shown in
table 2. The 8D and 8O of river water increase
from valley to outlet because of the weak evapo-
ration, and the river is supplied by groundwater.
It is confirmed by field investigation that three
springs expose to supply surface water, which
makes groundwater convert into surface water.
So the proportion of river water transformed
by soil water and groundwater is 28.75%. The
total supply ratio is 72.51%, and the remaining
is 27.49%. The remaining water consumed by
surface evaporation and plants intercept, which

can be understand as the soil water and river
water reverse supplemental atmospheric water.

Based on the relevant data of the Jinan’s
hydrological bureau, the above conclusions
are verified by the water balance method.
Taking precipitation and river as an example,
the conversion relationship between rainfall
and river water are analyzed based on the
precipitation of August 25, 2011. There are five
precipitation monitoring sites, and the average
precipitation is 55.2 mm. The watershed total
rainfall is calculated by the Thiessen polygon
method, and the value is 2976.66x10*m?. River
runoff is calculated based on the data of river
level before and after this precipitation, and it is
1254.36x10*m?. The river section is downstream
in the Jinxiuchuan Basin. The ratio of between
rainfall and river water is 42.14%. The results
showed that the precipitation accounts for
42.14% in river water, and the results obtained
from two methods are close to each other.
Meanwhile, it indicated that the previous con-
clusion which obtained from the stable isotopes
method is scientific and rational.

Atmospheric precipitation is absorbed or
becomes surface runoff, which gradually flows
into rivers. Surface water partly evaporates and
infiltrates into the soil to recharge groundwater.
The atmospheric precipitation converts into sur-
face runoff and underground runoff eventually
through a series of processes, and groundwater
changes into surface water. From table 2, the
conversion rate of groundwater is high in the
slope runoff area of the Jinxiuchuan Basin. The
study area has strong ability to intercept and
store water, because it has higher vegetation
coverage. Karren, slot and dissolving fissure
well developed, which leads to increase the
number of infiltration recharge to groundwater
in the slope zone.

Table 2. Supply ratio of atmospheric precipitation.

Water d value Supply ratio
type 8D/%o 80/%o of atmospheric precipitation /%
Soil water -72.3637 -8.9569 2191
Groundwater -74.9468 -8.8895 6.84
River -56.5361 -8.4877 43.76

ISSN 0187-8336 «

Tecnologia y Ciencias del Agua, vol. VIII, nim. 2, marzo-abril de 2017, pp. 105-115




Tecnologia y Ciencias del Agua, vol. VIII, nim. 2, marzo-abril de 2017, pp. 105-115

Wang et al., Research on the hydrologic cycle characteristics using stable isotopes of oxygen and hydrogen in the Jinxiuchuan Basin

Conclusions

Rainfall samples were collected examined
from July 2011 to July 2012 in the Jinxiuchuan
Basin. The results showed that composition of
hydrogen and oxygen stable isotopes within
the range of 8D and 8'O in China and global
atmospheric precipitation; 8D in precipitation
is within the limit of -128.3 to -35.6%o, and the
average is -79.8%o; 6O ranges from -17.5 to
-5.3%o, and the average is -11.3%o. The local
meteoric water line is 8D = 7.168'%0 + 4.35%o0 (R?
= 0.92), which slope and intercept are both less
than the global meteoric water line due to the
impact of evaporation in the Jinxiuchuan Basin.
Values of d-excess vary with time and space.
On the one hand, d values are higher in winter
than summer due to the impact of different air
masses. From here, the following are divided
into the second paragraph. The conversion
relationships and rates of different water bod-
ies are determined preliminarily in water cycle
process of the Jinxiuchuan Basin. Results as
follows: the rates of precipitation transforming
into river water, soil water and groundwater are
43.76, 21.91 and 6.84%, respectively. The rates
of groundwater transforming into river water
is 28.75%, and 27.49% of the surface water sup-
plies the atmosphere by evaporation. Based on
the the analytic result, the conversion relation-
ships and rates of different water body of the
hydrologic cycle in the Jinxiuchuan Basin are
initially determined.
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