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Abstract: The CRA-Interim trial production of the global atmospheric reanalysis for 10 years from 2007 to 2016 was
carried out by the China Meteorological Administration in 2017. The structural characteristics of the horizontal shear line
over the Tibetan Plateau (TPHSL) based on the CRA-Interim datasets are examined by objectively identifying the shear
line, and are compared with the analysis results of the European Centre for Medium-Range Weather Forecasts reanalysis
data (ERA-Interim). The case occurred at 18UTC on July 5, 2016. The results show that both of the ERA-Interim and
CRA-Interim datasets can well reveal the circulation background and the dynamic and thermal structure characteristics
of TPHSL, and they have shown some similar features. The middle and high latitudes at 500 hPa are characterized by the
circulation situation of“two troughs and two ridges”, and at 200 hPa, the TPHSL is located in the northeast quadrant of
the South Asian High Pressure (SAHP). The TPHSL locates in the positive vorticity zone and passes through the positive
vorticity center corresponding to the ascending motion. Near the TPHSL, the contours of pseudo-equivalent potential
temperature (θse) tend to be intensive, with a high-value center on the south side of the TPHSL. The TPHSL can extend to
460 hPa and vertically inclines northward. There is a positive vorticity zone near the TPHSL which is also characterized
by the northward inclination with the height, the ascending motion near the TPHSL can extend to 300 hPa, and the
atmospheric layer above the TPHSL is stable. However, the intensities of the TPHSL’s structure characteristics analyzed
with the two datasets are different, revealing the relatively strong intensity of geopotential height field, vertical velocity
field, vorticity field and divergence field from the CRA-Interim datasets. In addition, the vertical profiles of the dynamic
and water vapor thermal physical quantities of the two datasets are also consistent in the east and west part of the
TPHSL. In summary, the reliable and usable CRA-Interim datasets show excellent properties in the analysis on the
structural characteristics of a horizontal shear line over the Tibetan Plateau.
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1 INTRODUCTION

Atmospheric reanalysis data integrates data
assimilation, numerical model, and data processing
technology, so it reflects the comprehensive
meteorological strength of a country. Since the launch of
the first Global Atmospheric Research Programme
(FGGE) in 1979, the scientific and operational value of
the atmospheric reanalysis field has been acknowledged.
The global reanalysis products are developed into the
third generation in 2011; among them, the ERA-Interim
datasets are the third-generation reanalysis products with

higher spatial resolution and longer time series on the
basis of the second-generation reanalysis product (ERA-
40), provided by the European Centre for Medium-
Range Weather Forecasts (ECMWF) (Berrisford et
al. [1]). There are significant differences among different
reanalysis datasets due to the difference of assimilation
schemes, applied data and deviation correction methods
(Tian et al. [2]). It is found that the ground temperature
data of ERA-interim performs best in the Tibetan
Plateau (TP) by comparing the applicability of
geothermal data from ERA-interim, NCEP1 and NCEP2
reanalysis datasets (He et al. [3]). The results show that
the geopotential height field data from the ERA-interim
reanalysis datasets has the best correlation with the
sounding data in the TP by comparing with the NCEP1
and other 7 reanalysis datasets. The ERA-Interim
reanalysis datasets can better reflect the variation of
geopotential height in the TP area (Hu et al. [4]). The
thermal conditions described by the ERA-interim, ERA-
40 and JRA-25 reanalysis datasets are more accurate
according to a comparative study of six different
reanalysis datasets in the TP (Liu et al. [5]).
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The first generation of 40-year global atmospheric
reanalysis datasets (CRA-40) was launched by the China
Meteorological Administration (CMA) in 2013. In
addition to importing satellite data from the third
generation of international reanalysis products, CRA-40
has also collected the latest satellite products released in
recent years (Wang et al. [6]). This dataset is the first set
of global atmospheric reanalysis products owned by
China, which is based on the collective-variational
hybrid assimilation technology and integrates the
conventional observational data, sounding and ground
data of Fengyun satellites. This product focuses on
serving major national strategies, facilitating
meteorological disaster prevention and mitigation,
practicing the concept of“global monitoring, global
forecasting and global service”. And it will support
global monitoring, provide inspection for global
forecasting, guarantee for global services, operational
guidance and data services for member countries of the
World Meteorological Organization (WMO), as well as
the countries along the“Belt and Road Initiative”route
and the Silk Road economic core area. The pre-
assessment of the 10-year (2007-2016) global
atmospheric CRA-Interim Reanalysis trial product was
completed by CMA in 2017. The results show that the
root mean square error of global wind field is superior to
that of the CFSR (Climate Forecast System Reanalysis),
which is equivalent to the error of JRA-55 (Japanese 55-
year Reanalysis) product, and its performance has
reached the level of international third-generation
reanalysis product. Since June of 2018, the CRA-interim
which is the 10-year product from CRA-40 has been
widely used for research and applications after detailed
assessment and operational review.

TP is known as the third pole of the Earth, whose
dynamic and thermal effects have an important impact
on the energy and water cycles in East Asia and the
world. It also affects the local weather and climate in the
plateau, the atmospheric environment in East Asia and
its surrounding areas and even changes in the global
atmospheric circulation (Flohn [7]; Yin [8]; Tanaka et
al. [9]; Ueda [10]; Yao et al. [11]; Zhao et al. [12];
Murakami [13]). However, due to the small number of
observation stations and limited measured data, the
study of plateau weather relies on reanalysis data which
has better spatial continuity and longer time series.

Since the 1950s, various studies on the TP not only
have deepened the understanding of the atmospheric
movement characteristics over the plateau, but also have
found that a unique low-geopotential-height system on
the plateau—the plateau shear line, is generated under
the dynamic and thermal forces of the plateau's special
terrain (Luo [14]; Xu [15]; Shen et al. [16]; Gao and Yao [17]).
The results show that the precipitation in the plateau and
other areas is caused by the plateau shear (Zhang et
al. [18]). The severe weather such as rainstorm,
thunderstorm and blizzard in the surrounding areas of the

plateau, and even the precipitation processes eastern
China are caused by the eastward movement of the
plateau shear line (Ye et al. [19]; Qiao and Tan [20]). The
plateau shear line is one of the triggers for the occurrence
of severe weather in the plateau and surrounding areas
(Li [21]; Li et al. [22]; Yu et al. [23]; Yao et al. [24]).

Previous studies on the plateau shear line mainly
adopted observational data. Based on the analysis of the
1979 Qinghai-Tibet Plateau atmospheric science
experimental observational data, it is found that the
plateau shear line is a shallow weather system, which
locates within the cyclonic circulation along the
horizontal direction, with the strong east-west airflow.
Meanwhile, a basic understanding of the occurrence
frequency, moving position and forming conditions of
the shear line is also revealed (see Qinghai-Tibet Plateau
Meteorological Research Lhasa Battle Group [25]; Tao et
al. [26]). In recent years, the application of reanalysis data
has become the basic way for plateau research (Tao et
al. [27]; Min et al. [28]; Li et al. [22]). According to the
evaluation of different reanalysis datasets’applicability
on the plateau (Liu et al. [5]), the reanalysis data provided
by the European Centre for Medium-Range Weather
Forecasts (referred to as ERA-Interim; Dee et al. [29]) are
mostly used. Zhang et al. [18] used ERA-Interim
reanalysis datasets to analyze the plateau shear line and
found that more than 60% of the rainstorms in the
plateau during the rainy season from June to August are
related to the plateau shear line. In the researches of TP,
the ERA-Interim reanalysis data has a good performance
in the study of plateau low-geopotential-height systems
(Liu and Li [30]; Zhang et al. [18]; Guan et al. [31]).

This paper proposes to reveal the structure
characteristics of the shear line based on the 10-year
CRA-Interim datasets and compare it with the ERA-
Interim datasets, in order to evaluate the performance
and feasibility of the CRA-Interim datasets in the study
of a horizontal shear line over the Tibetan Plateau.

2 DATA AND METHODOLOGY

2.1 Data
Two kinds of datasets are used in this paper. One is

the China Meteorological Administration's Global
Atmospheric Reanalysis Intermediate Product (CRA-
Interim) with a time resolution of 4 times daily and a
spatial resolution of 0.3125° × 0.3125° , which includes
126 variables with 47 levels in the vertical direction. The
other is the European Centre for Medium-Range
Weather Forecasts (ECMWF) ERA-Interim reanalysis
data with a time resolution of 4 times daily, a spatial
resolution of 0.25° × 0.25° and 27 levels in the vertical
direction.
2.2 Objective identification of the TPHSL

The identification of the TPHSL is based on the
objective identification technology proposed by Ma et
al. [32], and the objective method proposed by Zhang et
al. [18] is used to determine the plateau shear line.
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∂u/∂y < 0
ζ > 0
u = 0
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where u represents the zonal wind speed, ζ represents
the relative vorticity, x is the meridional coordinate and y
is the zonal coordinate.

The case of TPHSL at 18UTC on July 5, 2016 is
selected as the research object in this paper.

As shown in Fig. 1a, the TPHSL analyzed with the
CRA-Interim datasets is discontinuous and is roughly
broken into three sections, which are located at

(80°-85°E, 35°N), (90°-95°E, 35°N) and (97°-103°E,
35° N), respectively. The shear line locates in the
cyclonic circulation, with the large wind speed at (90°-
95°E, 35°N) around the TPHSL. The southerly airflow is
significant on the south side of the TPHSL, and the north
side of the TPHSL is dominated by the easterly airflow.
The TPHSL analyzed with the ERA-Interim datasets
roughly spans the main body of the plateau (80°-97°E,
34°-35°N) with an obvious cyclonic circulation nearby.
The southerly airflow at (90° - 95° E, 35° N) near the
TPHSL is more conspicuous compared with that from
the CRA-Interim datasets.

Figure 1. Wind fields at 500 hPa at 18UTC on July 5, 2016 from the (a) CRA-Interim datasets and (b) ERA-Interim datasets. The
thick red solid line represents TPHSL; the orange boundary line represents the plateau boundary over 3000m above sea level, and the
same in the following figure.

3 COMPARATIVE ANALYSIS OF THE
CIRCULATION BACKGROUND

3.1 Circulation field at 500 hPa
The circulation situation at 500 hPa can be seen

from Fig. 2, and the basic characteristics analyzed with
the two datasets are consistent. The circulation situation
in the middle and high latitudes at 500 hPa is "two
troughs and two ridges", and the TPHSL is located in the
front area of the middle and high-latitude trough and the
rear area of the ridge, i. e. (80°-103° E, 33°-35° N). In
addition, there is a low-pressure center at (81°E, 21°N)
on the south side of the TPHSL. Overall, the intensity of
500 hPa geopotential height field analyzed with the
CRA-Interim datasets is stronger than that from the

ERA-Interim datasets.
3.2 Circulation field at 200 hPa

The ridge line of the South Asia High Pressure
(SAHP) shows an east-west direction, and the TPHSL
locates in the lower northeast quadrant of the SAHP
(Fig. 3). However, the intensity of SAHP analyzed with
the CRA-Interim datasets is obviously stronger than that
from the ERA-Interim datasets.

4 COMPARISON AND ANALYSIS OF DYNAMIC
STRUCTURE CHARACTERISTICS

4.1 Horizontal structure characteristics
In Fig. 4, the TPHSL is located in the positive

vorticity zone, and passes through the positive vorticity
centers. The characteristics analyzed with the two
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datasets are consistent, while the difference is mainly in
the intensity of the vorticity zone. There is a maximum
vorticity center located at (91°E, 35°N) with an intensity
of 20 × 10-5 s-1 in the results from the CRA-Interim

datasets (Fig. 4a). Whereas for the ERA-Interim datasets,
there are two maximum positive vorticity centers located
at (82°E, 34°N) and (92°E, 33°N), reaching 10×10-5 s-1

and 15×10-5 s-1, respectively (Fig. 4b).

Figure 2. Geopotential height fields at 500 hPa 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets and (b) ERA-In‐
terim datasets. The thick red solid line represents TPHSL, and the black thin solid line represents potential height (units: dagpm).
Other parts are the same as those of Fig. 1 and the same in the following figure.

Figure 3. Geopotential height fields at 200 hPa at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets and (b) ERA-
Interim datasets. The thick red solid line represents TPHSL, and the black thin solid line represents potential height (units: dagpm).
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Figure 4. Relative vorticity at 500 hPa at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets and (b) ERA-Interim
datasets. The thick red solid line represents TPHSL, and the black thin solid line represents vorticity (units: 10-5 s-1).

The TPHSL is located in the convergence zone at
500 hPa (Fig. 5), and the intensity of the divergence
field analyzed with the CRA-Interim datasets is stronger.
There are two strong convergence centers on the
TPHSL, reaching － 20 × 10-5 s-1 and － 12 × 10-5 s-1,

respectively. The area (97°-103°E, 35°N) of the TPHSL
is located in the non-divergence zone analyzed with the
ERA-Interim datasets (Fig. 5b). There is a strong
convergence center at (92°E, 34°N) with a value of －4×
10-5 s-1.

Figure 5. Divergence at 500 hPa at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets and (b) ERA-Interim datas‐
ets. The thick red solid line represents TPHSL, and the black thin solid line represents divergence (units: 10-5 s-1).
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As can be seen from Fig. 6 that the vertical upward
movement is mainly near the TPHSL at 500 hPa, and the
rising speed analyzed with the two datasets is
equivalent. For CRA-Interim datasets, there is a
maximum upward movement center at (90°-95°E, 35°N),
with a rising speed of －100×10-2Pa s-1 (Fig. 6a). A weak
sinking motion and an ascending motion occur in the

eastern part (97° - 103° E, 35° N) and the western part
(80°-85°E, 35°N) of the TPHSL, respectively, with the
maximum ascending speed of －50×10-2Pa s-1. For ERA-
Interim datasets, there are two upward movement
centers located at (82° E, 34° N) and (92° E, 34° N),
reaching －20×10-2 Pa s-1 and －60×10-2 Pa s-1 (Fig. 6b),
respectively.

Figure 6. Vertical velocity at 500 hPa at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets and (b) ERA-Interim
datasets. The thick red solid line represents TPHSL, and the black thin solid line represents vertical velocity (units: 10-2Pa s-1).

4.2 Vertical structural features
Figure 7 shows the relative vorticity and the

vertical velocity along the vertical section of 84°E. The
TPHSL inclines northward from the lower layer to the
upper layer, which can reach 460 hPa. The TPHSL
corresponds well with the positive vorticity belt, which
also inclines northward with the height and extends
higher than the TPHSL. The maximum intensity in the
center of the positive vorticity at 500 hPa analyzed with
the CRA-Interim datasets reaches about 12 × 10-5 s-1.
While that from the ERA-Interim datasets is only about
4 × 10-5 s-1. According to the vertical velocity along the
vertical section of 84° E, the TPHSL corresponds well
with the strong upward motion. The rising motion center
analyzed with the CRA-Interim datasets is located at
about 500 hPa with the maximum value of －80×10-2Pa s-1,
while that analyzed with the ERA-Interim datasets only
reaches －10×10-2Pa s-1.

To summarize, the characteristics of the relative
vorticity analyzed with the two datasets are consistent,
but the characteristics of the vertical velocity are
different.

Figure 8 shows the divergence and the vertical
velocity distributions of the TPHSL in the vertical
direction. There is a significant difference in the
characteristics of divergence field analyzed with the two
datasets. For the CRA-Interim datasets, the divergence
belt inclines northward from the lower layer to the upper
layer, reaching about 400 hPa, and the TPHSL is
completely in the convergence zone, with the maximum
value in the convergence center reaching － 9 × 10-5 s-1

(Fig. 8a). While for the ERA-Interim datasets, the
TPHSL is located in the non-divergent zone, and there is
a weak convergence zone between 600 and 500 hPa
(Fig. 8b).

5 COMPARISON AND ANALYSIS OF
THERMAL STRUCTURE CHARACTERISTICS

5.1 Horizontal thermal structure
The θse analyzed with the two datasets is similar in

the intensity and consistent in the magnitude (Fig. 9).
The TPHSL is located in the area with a large meridional
gradient of θse(Fig. 9a). For the ERA-Interim datasets,
this feature is more significant as shown in Fig. 9b, and
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Figure 7. Relative vorticity and vertical velocity along the vertical section of 84°E at 18UTC on July 5, 2016 analyzed with the (a)
CRA-Interim datasets and (b) ERA-Interim datasets. The thick black solid line represents TPHSL, the shaded denotes positive vortic‐
ity (units: 10-5 s-1); the thin black solid line represents vertical velocity (units: 10-2Pa s-1); the gray shadow represents plateau, and the
same in the following figure.
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there is a high-temperature and high-humidity center at
(87°E, 31°N) on the south side of the TPHSL.
5.2 Vertical thermal structure

There is a warmer and moister region on the south
side of the TPHSL than that on the north (Fig. 10).
According to the distribution of θse, the atmosphere is
convectively stable above 300 hPa. The TPHSL is

located in the transition zone between the warm-moist
zone on the south side and the cold-dry zone on the
north side (Fig. 10a). For the ERA-Interim datasets, the
TPHSL tilts northward to the north side and locates in
the relatively dry and cold area (Fig. 10b). In addition,
the contours of θse near the TPHSL are intensive, which
represents the structure of the front area.

Figure 8. Divergence and vertical velocity along the vertical section of 84°E at 18UTC on July 5, 2016 analyzed with the (a) CRA-
Interim datasets, and (b) ERA-Interim datasets. The thick black solid line represents TPHSL, and the shaded denotes negative diver‐
gence (units: 10-5 s-1); the thin black solid line represents vertical velocity (units: 10-2Pa s-1).

Figure 9. Pseudo-equivalent potential temperature (θse) at 500 hPa at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim da‐
tasets and (b) ERA-Interim datasets. The thick red solid line represents TPHSL, and the thin black solid line represents θse (units: K).
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6 COMPARISON FOR VERTICAL PROFILE
OF PHYSICAL QUANTITY

Since the TPHSL analyzed with the CRA-Interim
datasets is mainly divided into (80°-85° E, 33°-35° N)
(west) and (90° - 95° E, 33° - 35° N) (east), the vertical
profiles of physical quantity are analyzed for the east
and west part of the TPHSL.

The distribution of each physical quantity analyzed
with the two datasets is basically the same in the vertical
direction, and the two parts fit well (Fig. 11). Overall,
the vertical velocity distributions analyzed with the two
datasets (Fig. 11c1 and 11c2) are quite consistent in the
region of (90°-95°E, 33°-35°N), and the magnitude is
almost the same. While in the region (80°-85° E, 33°-
35° N), the value of vertical velocity analyzed with the
CRA-Interim datasets is larger between 500 and 400 hPa
near the TPHSL. In addition, according to the vertical

profiles of meridional wind (Fig. 11b1 and 11b2), it is
different between the east side and the west side between
300 and 150 hPa. The characteristics and magnitude
analyzed with the two datasets are relatively consistent
in the region of (80°-85°E, 33°-35°N), while there are
opposite variations between 300 and 150 hPa in the
region of (90°-95°E，33°-35°N).

Overall, the characteristics and magnitude of the
dynamic field analyzed with the two datasets are still
similar in the east and west part of the TPHSL, and are
more similar in the east part of the TPHSL below 300
hPa.

Figure 12 shows the vertical profiles of
temperature, θse and water vapor flux divergence
analyzed with the two datasets. Compared with the
dynamic field, the water vapor thermal fields analyzed
with the two datasets are more consistent. Among them,
the temperature distribution analyzed with the two

Figure 10. θse along the vertical section of 84°E at 18UTC on July 5, 2016 analyzed with the (a) CRA-Interim datasets, and (b) ERA-
Interim datasets. The thick red solid line represents TPHSL and the thin black solid line represents θse (units: K).
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datasets is almost the same in the regions of (80°-85°E,
33°-35°N) and (90°-95°E, 33°-35°N), and the profiles
almost coincide too (Fig. 12a1 and 12a2). The
characteristics of θse (Fig. 12b1 and 12b2) between the
two datasets are also quite consistent. Related research
(Liu et al. [29]) have shown that the ERA-Interim
reanalysis data is more accurate in reflecting the thermal
conditions in the plateau. Therefore, the thermal data of
the CRA-Interim datasets is feasible in reflecting the
thermodynamic structure of the TPHSL. According to
Fig. 12c1, the water vapor flux divergence analyzed with
the CRA-Interim datasets is larger. In contrast, the
capability of CRA-Interim datasets in the water vapor
flux divergence is better in the region of (90° - 95° E,
33°-35°N) (Fig. 12c2).

7 CONCLUSIONS AND DISCUSSION

Based on the CRA-Interim datasets and the ERA-
Interim datasets, the structural features of the TPHSL at
18UTC on July 5, 2016 were revealed and compared.
The main conclusions are as follows.

(1) The structural features of the TPHSL revealed
by the two datasets are quite similar. The TPHSL is in
the east-west direction horizontally, and can extend to
about 460 hPa with the characteristic of northward
inclination. The TPHSL analyzed with the ERA-Interim
datasets at 500 hPa is continuous, while it breaks into
three segments at 500 hPa for the CRA-Interim datasets.

(2) The characteristics of the geopotential height
revealed by the two datasets are basically consistent with
each other. The circulation situation of“two troughs and

Figure 11. Vertical profiles of average physical quantities near the TPHSL analyzed with the CRA-Interim datasets (black line) and
ERA-Interim datasets (red line). a: U, units: m s-1; b: V, units: m s-1; c: ω, units: 10-2Pa s-1; d: vorticity, units: 10-5 s-1; e: divergence,
units: 10-5 s-1; a1, b1, c1, d1 and e1 for the west part (80°-85°E, 33°-35°N); a2, b2, c2, d2 and e2 for the east part (90°-95°E，33°-
35°N).
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two ridges”is found in the middle and high latitudes at
500 hPa, but the intensity of geopotential height
analyzed with the CRA-Interim datasets is slightly
stronger. The TPHSL is located in the lower northeast
quadrant of the SAHP, and the intensity of the SAHP
analyzed with the CRA-Interim datasets is also stronger.

(3) The dynamic structure of the TPHSL revealed
by the CRA-Interim datasets agrees with that revealed
by the ERA-Interim datasets. The TPHSL is located in
the positive vorticity zone which inclines northward
along the TPHSL from the lower layer to the upper
layer, but the intensity of vorticity of the CRA-Interim
datasets is stronger. The TPHSL corresponds to the
convergence zone with an ascending motion which
extends to 300 hPa; however, it is more complete and
continuous for the CRA-Interim datasets.

(4) The thermal structure of the TPHSL revealed by
the two datasets is basically consistent, and the CRA-
Interim datasets show better applicability in the water
vapor thermal structure. The contours of θse near the
TPHSL tend to be intensive. In the vertical direction, the
TPHSL analyzed with the CRA-Interim datasets is
located in the transition belt between the warm-moist air
and cold-dry air, while that analyzed with the ERA-
Interim datasets penetrates into the dry and cold air on
the north side with the obvious frontal zone near it.

(5) The characteristics of the dynamic and water
vapor thermal structure in the east and west part of the
TPHSL analyzed with the two datasets show good

similarity. However, for the dynamic structure, there are
more similar in the east part of TPHSL below 300 hPa
compared with the west part of the TPHSL. And
compared with the dynamic fields, the water vapor
thermal fields in the east and west part of the TPHSL
analyzed with the two datasets are more consistent.

(6) The CRA-Interim datasets show excellent
attributes in the analysis and study of this TPHSL’s
structural characteristics; thus it should be reliable. In
addition, the work in this paper is only based on one
TPHSL case. Therefore, further analyses with more
CRA-Interim datasets are needed. More importantly, it is
necessary to investigate the comprehensive application
of the two datasets in weather analysis and forecasting in
the future.
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