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Fig. 1 Images of SA radar in Bengbu and C-FMCW radar in Dingyuan on August 24, 2013 (a: reflectivity of SA Radar; b: time-
height section of C-FMCW radar; c: spectral density of reflectivity of C-FMCW radar)
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Advances in Research on Severe Weather

1 Severe weather monitoring technology and data application

1.1 Application of rain drop size distribution (DSD) data to DSD retrieval and precipitation estimation
with a dual polarization radar

Heavy rain data were observed with the dual linear polarization radar and disdrometer from May 1 to June
15, 2014 in Heshan, Guangdong Province during pre-rainy season in South China. The dual polarization radar
data were controlled in quality before usage. By using the data observed with the disdrometers, the drop size
distribution (DSD) of the pre-rainy season in South China was analyzed, and the algorithm of radar quantitative
precipitation estimation (QPE) by polarimetric parameters was refitted to improve the accuracy of QPE. The
DSD was also retrieved by a dual linear polarization radar in Naqu Tibet during the third Tibetan Plateau
Atmospheric Science Experiment (from July 1 to August 31, 2014), which was compared with distrometers. (Hu
Zhiqun)

1.2 Micro-physics parameters retrieving vertical structure in the precipitation cloud using a C-FMCW
radar

The C-FMCW radar data were used in such experiments as the Meiyu seasonal precipitation in
Changjiang-Huaihe River valley, the South China sea monsoon onset and the precipitation cloud structure at
the main region of Tibetan Plateau. Data from other active and passive remote sensing systems were used to
research the microphysical parameters. The rain parameters were used to retrieve detailed vertical structures
and raindrop size distributions in precipitation cloud (Fig.1-2). (Ruan Zheng)

1.3 Various kinds of equipment were employed in field observation experiments for many scientific
projects

The Third Tibetan Plateau Atmospheric Science Experiment, heavy rainfall experiment in Huanan for
RDP project and precipitation system observation from Tibetan Plateau in 973 Project were carried out and
comprehensive measurements of water vapor, clouds, and precipitation were conducted. The most advanced
radars in China, such as Ka-Band millimeter-wave cloud, Ku-Band micro-rain, C-Band continuous-wave and
lidar, and microwave radiometer and disdrometer were deployed to observe high spatial-temporal resolution vertical
structures of clouds and precipitation. Based on the radar measurements in this experiment, the air vertical
draft and content profiles for water cloud, ice cloud, rain and snow were retrieved. The observation capabilities of
equipment made in China were verified. The above measurements and preliminary analyses provide a basis for
further in-depth study of cloud physics and precipitation processes in the Tibetan Plateau (Fig.3). (Liu Liping)

1.4 Forecasting theory and method and predictability of persistent extreme precipitation events in
China

A dynamic prototype forecast system for persistent extreme precipitation is constructed based on the
ensemble forecast technique, globally coupled oceanic-land-atmospheric model and nested high-resolution
regional model. An integrated system composed of globally coupled forecast and global assimilation is
developed and used to perform preliminary numerical experiments. The results show that for 20-day forecast,
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compared with deterministic forecasts, which use the interpolated FNL analysis as initial conditions,
the ensemble forecasts, which use the output of the CESM-DART forecast-assimilation system as initial
conditions, exhibit better forcast skills after 5 days for Northern Hemisphere. The prediction ability of the
operational model for persistent extreme precipitation is verified. The forecasting theory and method of
persistent extreme precipitation events by using the high-resolution regional model are studied. The results
show that the numerical simulations by using the spectral nudging and filtering methods have improved
obviously precipitation forecasting for magnitude, rain band and continuity, the better nudging effect reflects
above 2-wave bands, and, the TS scores also display an improvement in the precipitation rate categories above
light rain. (Wang Donghai)

1.5 The cloud-precipitation characteristics and their application in cloud microphysical
parameterization

A statistical analysis of cloud microphysical properties was performed based on the in-situ observations
from the North China Cloud Physics Detection Project (NCCPDP) during the period from 1980 to 1982. From
the statistical results, the relationship between liquid water content (LWC) and cloud number concentration
(NC) was investigated. The vertical distributions of LWC in precipitating and non-precipitating clouds were
analyzed based on a large number of CloudSat observations over Asian land areas between June 2006 and April
2011. The results of this analysis were used to propose a new definition of the threshold value for Kessler-
type parameterization of warm cloud autoconversion. The spatial distribution of clouds and their seasonal
variations, and the three-dimensional (3D) cloud structures over East Asia were analyzed with the CALIPSO-
GOCCEP data during the period from 2007 to 2012. (Yin Jinfang, Wang Donghai)

2 Structures and mechanisms of severe weather

2.1 The 3rd Tibetan Plateau Atmospheric Science Experiment (TIPEX IlI)

During the period of TIPEX III in 2014, all the following actions were conducted: (1) the observation
was executed comprehensively, in which the quality control for intensive sounding, boundary layer and
radar observation data was carried out, and the assimilation of observations from radar radial velocity and
reflectivity, satellite products, wind profiler radar data, GPS/MET water vapor was completed initially; (2) the
exchange characteristics between the ground and the atmosphere, the change in radiation budget and water-
heat exchange, and flux change in sensible and latent heats underlying surface on the plateau were researched,
(3) the spatial and temporal variation of the cloud in the Tibetan Plateau was investigated, in which the cloud’s
microphysical processes in mixed phases were refined, and the aerosol activation scheme in existing dual-
parameter cloud’s physical processes was improved; (4) the change characteristics of a convective system over
the Tibetan Plateau and its neighboring areas were studied, in which the mechanism of eastward movement of
low vortex in Tibetan Plateau was detected, and the mechanism of storms triggered by the mesoscale cyclones
when moving eastward to Huaihe River Basin was analyzed; (5) the influence of abnormal atmospheric heating
field in Tibetan Plateau on flood and drought in China was revealed, in which the relationship between the
interannual-scale anomalies in plateau and precipitation in May and June in Southwest China was analyzed. (Xu
Xiangde)

2.2 The effect of Qinghai-Xizang Plateau on water cycle and precipitation variation in Plum Rain
region

We have made a reanalysis and assimilation experiment for the data of the Qinghai-Xizang Plateau and its
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eastern margin, the key upstream areas for the Plum Rain system, a diagnostic analysis of the thermodynamic
variation characteristics in the Qinghai-Xizang Plateau region and a study of its impact on the circulation
system in the monsoon and Plum Rain region, a study of the influence of the thermodynamic variation in
the Qinghai-Xizang Plateau on the water vapor exchange between low and middle latitude areas, as well as
atmospheric water circulation processes in the Plum Rain area, a study of the mechanism on the influence
of the thermodynamic variation in the Qinghai-Xizang Plateau on the anomalies of the Plum Rain zone and
the distribution of flood and drought disasters, and a simulated experimental study of the influence of the
thermodynamic variation in the Qinghai-Xizang Plateau on the anomalies of atmospheric water cycle and

precipitation in the Plum Rain area. (Xu Xiangde)
2.3 Characteristics and evolution of different weather systems and their response to climate change

Building on the spatial and temporal characteristics of the seriously-polluted weather (particularly the
haze) derived from all kinds of historical meteorological data associated, we described the large-scale temporal
and spatial variation of seriously-polluted weather and its decadal response to the climate change in China,
and explored the effects of large scale topography on the seasonal evolution of seriously-polluted weather and
its spatial and temporal distribution. At last, we established diverse synoptic background models for warning
application during the formation of seriously-polluted events. (Xu Xiangde)

2.4 WMO/WWRP RDP South China Monsoon Rainfall Experiment (SCMREX)

During 3-6 April 2014, the site selection of the field experiment instruments and equipment was
completed. Based on the conventional observation network, intensive observations were made during May
I-June 15. The mobile observation equipment was under the 24-hour monitoring during periods of heavy
rainfall. Intensive sounding observations started at 8 BST on May 1, 2014 and ended at 8 BST on June 15,
2014. 7 upper-air stations in the three South China provinces made additional observations at 14 BST and 02
BST per day. After the observation experiment, not only the conventional observation data but also the mobile
equipment observation data were collected and controlled in quality. Also, the development and maintenance
of the project website and database were achieved. After being primarily processed, the observation data were
shared on the project website. Focusing on these heavy rainfall cases during 2013—-2014 SCMREX experiment,
we studied the multiple scales mechanism, the impact of data assimilation, and the difference of various model
physics Parameterization Schemes, with initial results achieved. We reported SCMREX progress twice in
2014, which was recognized by WMO. (Luo Yali)

2.5 Mechanism and forecast skill of warm sector heavy rainfall in South China

According to weather regimes, warm sector rainfall is divided into three types: (1) Frontal rainfall, (2)
Northward motion of warm and moisture jet, (3) Eastward motion of low vortex. The above three types of
warm-sector rainfall are analyzed and compared. A case study pointed out that the triggered convection in a
warm sector may be closely related to its organization process, the cold cell spreading and the terrain. Besides,
the instability criterion fit for the warm-sector rainfall is derived, e.g. the modified Richardson number and
Brunt-Vaisala frequency. The study shows that the instable region revealed by the modified Richardson number
and Brunt-Vaisala frequency can well represent the future rainfall region. (Jiang Zhina)

2.6 On the warm-sector heavy rainfall during the early summer rainy season over South China: An
EnKF data assimilation based simulation study

The Quantitative precipitation forecast (QPF) skill for the warm-sector heavy rainfall over South China

during the early summer rainy season is very low. The application of the Ensemble Kalman Filter (EnKF) data
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assimilation technique can potentially improve the initial conditions of simulation and thus improve the QPF
skill. On the one hand, ensemble simulation experiments will be conducted using the WRF-EnKF system.
Impacts of a variety of observational data, including not only the surface and sounding observations but also
the Doppler radar velocity, on the initial conditions and the simulation results will be investigated. On the other
hand, combining the ensemble simulation experiments with the observational analysis, we will study internal
structures and organizational modes of the rainy storm, and influencing factors for the convective interactions
between the rainy storm and its mesoscale environments. One case study results show that, compared to no
data assimilation experiment (NODA), not only the initial conditions of EnKF data assimilation experiment
(DA) are much closer to the observed fields, but also the DA predicted physical parameters are improved in
terms of both biases and root-mean-square errors, which leads to a more accurate prediction of the location and
magnitude of precipitation from DA. (Bao Xinghua)

2.7 Study of the ice nuclei activation parameterization and its influence on severe precipitation
under the conditions of high pollution

An attempt was made to delineate the characteristics of ice nuclei (IN) over the eastern central
China using the ground-based measurement data over 1960-2013. Based on the statistical results, a new
parameterization was proposed for ice nuclei activation within high ice nuclei conditions. Based on the
ice nuclei field observational data over the last five decades and the widely used ice nuclei activation
parameterizations in numerical models, the new scheme will be coupled into the WRF model with Spectral
Bin Microphysics (WRF-SBM). Based on the improved model, we will focus on the conversion among the
hydrometeors (vapor, cloud water, rain water, cloud ice, snow, graupel, and hail) in a severe precipitation event
which has been captured by ground-based radars, and satellites of A-train (mainly including CloudSat and
CALIPSO) and Fengyun (FY). The results will be used to identify the effects of high ice nuclei concentration
on the development and formation of a severe precipitation. Based on the results, the parameterization for ice
nuclei activation will be improved to improve severe precipitation forecasting within polluted conditions by a
numerical model. (Yin Jinfang, Wang Donghai)

2.8 The impact of land surface water on the inland behavior of landfalling typhoon

Inland water surface has remarkable differences in heat property and roughness from other land surface
covers. It could lead to the uneven distribution of surface flux, which influences the mesoscale systems and
rainfall of landfalling typhoon significantly. That is, inland water surface (such as Poyang Lake and wet
land around it) could release heat fluxes to the boundary layer of typhoon, providing favorable condition for
typhoon maintenance and rainfall. Sensitivity experiments on Poyang Lake demonstrate that a mesoscale
vortex would be weakened in the absence of the lake to lead to the increase of sea level pressure in typhoon
center. In addition, broader water bodies have less friction, which increases wind speed near the underground
to enhance convergence over heavy rainfall area on the one hand. On the other hand, water bodies may release
more surface heat fluxes to make air warmer and wetter in lower atmosphere, which is beneficial to typhoon
heavy rainfall. (Li Ying)

2.9 The impact of cyclonic storms over the Bay of Bengal on the weather of China

A correlation analysis is used to investigate the relationship between rainfall of China and activities of
cyclonic storms over the Bay of Bengal. Results show that the high correlation coefficient areas are mainly
found in the Southwest China, southeast of Tibet plateau, southeast of Northwest China, the lower reaches of
Yangtze River and Taiwan Island. Storm activities can influence rainfall of the southwest area and the lower
Yangtze region concurrently, and the impact is more significant in autumn than in summer. (Li Ying)
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2.10 The impact of upper tropospheric cold low on abrupt turning of tropical cyclone movement

Statistical study indicates that when the relative distance between a tropical cyclone (TC) and an upper
tropospheric cold low (UTCL) is less than 5 latitudes/longitudes, the average 12 h directional change of TC
movement is obviously larger than the average western North Pacific climatology. In addition, the TC average
moving speed slows down under the impact of UTCL, especially that of the TCs with abrupt turning. Meranti
(2010) is a typical typhoon which turned abruptly under the influence of an UTCL. A diagnostic study indicates
that the UTCL changes the steering flow when it is moving from the east of the central TC to the northwest,
which is an important reason for abrupt turning of Meranti (Fig. 4). (Li Ying)

2.11 The role of super typhoon Danas in extreme precipitation associated with severe typhoon Fitow

Based on surface observational data, typhoon track data and ECMWF global reanalysis data, using the
objective synoptic analysis technique (OSAT), tropical cyclone (TC) track similarity area index (TSAI),
and the airflow trajectory model (HYSPLIT4.9) and analyzing the characteristics and causes of the extreme
precipitation over coastal Southeast China associated with the sever typhoon Fitow, this study reveals the
intensification by a binary typhoon of an extreme precipitation. First, Fitow causes the maximum daily
precipitation of 395.6 mm at both Yuyao and Fenghua, which rank the second most extreme daily TC
precipitation in Zhejiang Province in record. The precipitation process has two distinct intense precipitation
stages. Secondly, such a heavy and continuous rainfall during and after Fitow’s landfall is mainly due to the
existence of super typhoon Danas. In the first stage, because of the binary tropical cyclone interactions, Fitow
moves much faster than before. Moreover, Danas transports about 79% moisture to the raining region, which is
an important contribution to the extreme precipitation over the southern coast of Hangzhou Bay. In the second
stage, as the circulation of typhoon Fitow almost dissipates, the combined interaction of super typhoon Danas
and cold air mainly causes the extreme precipitation. (Ren Fumin)

2.12 Differences of bimode patterns in TC activity and their possible causes in the Bay of Bengal and
the Arabian Sea

To address the inadequate tropical cyclone datasets for comparison research purpose and to analyze the
regional differences in TC bimodal patterns in the North Indian Ocean, a targeted study on these issues has
been carried out using the Joint Typhoon Warning Center (JTWC) TC dataset and the India Meteorological
Department (IMD) TC dataset. Results are as follows: time period (1990-2012) of IMD dataset is much shorter
and data recording time is irregular, while time period (1977-2012) of JTWC dataset after the abrupt change
in 1977 is much longer and data recording time is regular. Thus, JTWC dataset of 1977-2012 is adopted in TC
climatic characteristics analysis. During 1977-2012, the Bay of Bengal (BoB) TC frequency decreases, while
the Arabian Sea (AS) TC frequency increases significantly. Average TC frequencies are 3.6 and 1.5 in BoB
and AS, respectively. Meanwhile, seasonal variations in TC frequency show a bimodal pattern with two peaks
in both BoB and AS but with obvious differences in bimodal peak time, intensity and strength. It is revealed
that vertical zonal wind shear and seasonal changes in relative vorticity might be the key factors affecting the
bimodal patterns of TC activity in BoB and AS, respectively. Meanwhile, for the whole North Indian Ocean,
before the onset and after the finish of South Asian Summer Monsoon, below 10 m/s vertical zonal wind shear,
positive relative vorticity, high sea surface temperature and high humidity are all favorable conditions for TC
genesis. (Ren Fumin)

2.13 Sensitivity of tropical cyclone rapid intensification to the initial vortex

The multiply nested, fully compressible, non-hydrostatic tropical cyclone model is used to examine and
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understand the sensitivity of the simulated tropical cyclone (TC) rapid intensification (RI) to its initial vortex
structure, including the radial profile of tangential wind and the size of the vortex. The results show that when
the initial vortex is with a broader profile outside but a narrower profile inside the eyewall, the slower (faster)
RI is in the simulated storms. The results also show that the larger and broader (smaller and narrower) the
initial vortex is, the slower (faster) the RI is but the larger (smaller) inner-core size is in the simulated storms. (Xu
Jing)

2.14 Technical study of how to forecast a land-sea-breeze and associated mesoscale convective
weather in Hainan island

The annual, monthly and daily changes of land-sea-breezes in Hainan Island and their relations with the
temperature and rainfall fields are investigated by using the observational data of year 2013. Results show
that a land-sea-breeze obviously happens throughout the year with a sea breeze occurring between 11:00 and
20:00 LST (local standard time) and a land breeze occurring between 20:00 and 11:00 (the next day) LST. A
close relation is shown between the rainfall and the convergence caused by the land-sea-breeze, in which the
thermal heating difference determines the evolution of the land-sea-breeze. The convergence caused by the
land-sea-breeze provides a good condition for the lifting of air, which can lead to significant rainfall when
accompanied with sufficient water vapor. The relative humidity near the surface is a good indicator of water
vapor conditions. (Liang Zhaoming, Wang Donghai)

2.15 The characteristic analysis of hourly precipitation over eastern China

Based on the hourly rain gauge data of 2420 stations across China from June 1st to August 31st during
1951 to 2013, the hourly precipitation sequence of 1489 stations for areas in China to the east of 105°E from
June 1st to August 31st during 1980 to 2012 is established with the quality controlled and no-data records
rejected. The annual average precipitation frequency, rainfall intensity, hourly extreme precipitation frequency,
including the distribution of the summer rainfall intensity, are analyzed. The trend of summer precipitation
frequency, that of the monthly summer rainfall intensity change, and the frequency of the extreme strong
precipitation events is also investigated. The results indicate that the frequency of hourly precipitation in
summer mainly declines while its intensity increases on the whole over east China. The frequency of hourly
extreme precipitation decreases while its intensity increases as a whole (Fig. 5). (Zhao Linna)

3 Numerical weather prediction and key techniques in numerical modeling

3.1 Study of the high-resolution physical processes

The reasons of large raindrop and high radar reflectivity simulated by CAMS cloud microphysics over the
Tibetan Plateau are investigated at 1 km horizontal resolution. The relationship between cloud water content
and cloud droplet concentration is analyzed using aircraft observations, and the cloud vertical structure over
East Asia is explored with multi-satellite data. As a result, the performances of CAMS cloud microphysics are
considerably improved over the plateau and South China. In addition, the surface exchange coefficient in a
semi-arid region is assessed and modified using the observations, while the calculations about surface exchange
coefficient, canopy damping parameter and surface heat flux are also improved (Fig. 6). (Gao Wenhua, Yin
Jinfang, Zhang Guo)

3.2 Quasi-uniform grid GRAPES model development
Using Schwarz method, the non-hydrostatic GRAPES model is successfully established on the Yin-Yang
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quasi-uniform grid with a first-type boundary condition and semi-implicit semi-Lagrangian solver. A long-
term stable integration of the model dynamic core is confirmed. The application of the ILU pre-conditioner
accelerates the GCR solver for Helmholtz equations, and consequently the convergence rate is speeded up
significantly in the temporal integration of the model on Yin-Yang grids. An overall second-order accuracy and
excellent stability of the model frame are verified in the three-dimensional idealized test cases. The frame provides
a possible solution for the next-generation high-resolution GRAPES model development (Fig. 7). (Peng
Xindong)

3.3 Objective correction of short-term rainfall prediction

The Anomaly Numerical-correction with Observations (ANO) method and a high-resolution precipitation
analysis data are used to test the model results of correction in a Sichuan rainstorm case in July 2013, which
shows the amelioration of meso-scale circulation and high-resolution rainfall forecasting. Great improvement
to the high-resolution circulation, especially near surface diurnal variations, is displayed. The geopotential
height, temperature and relative humidity are prominently corrected at 550 hPa and 750 hPa. Notable
improvement to the short-term rainfall forecasting with the WRF mesoscale model is demonstrated (Fig. 8).

(Peng Xindong)
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Fig. 1 Spatial distribution of correlation coefficients between the (a) summer and (b) preceding spring (May) snow cover area
proportion (SCAP) index and summer precipitation for the period 1979-2006 (the shaded areas denote correlation significant at

the 90% confidence level)
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SRYR VS Nifio3-SSTA SRYR VS PDO
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Fig. 2 Triple relations among summer rainfall over Yangtze River (SRYR), Nifio3-SSTA, and PDO index, on different time
scales. Red curves are results from DPCCA, where effects of PDO (Nifio3-SSTA) on SRYR are removed in a (b)
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Fig. 3 Oxygen isotope (3'°0) records from the North Atlantic benthic foraminifera (red line) and from the ice core in Guliya
Glacier (green line) since the Last Interglaciation. Based on their phase relationship, the past 131 ka is divided into 11 epochs,

which are indicated by the color shading and the serial numbers at the bottom of this figure
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Fig. 4 A real time-high precision instrument for monitoring atmospheric water vapor isotopes
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Progress in Climate System and Climate Change Research

1 Theory and methodology of climate prediction

1.1 The summer snow cover anomaly over the Tibetan Plateau and its association with
simultaneous precipitation over the Meiyu-Baiu region

The satellite-derived Equal-Area Scalable Earth grid (EASE-grid) dataset shows that snow still exists
in summer in the western part and along the southern flank of the Tibetan Plateau (TP). The summer snow
anomaly over the TP can directly modulate the land surface heating and, consequently, vertical motion over the
western TP, and concurrently induce anomalous vertical motion over the North Indian Ocean via a meridional
vertical circulation. Through a zonal vertical circulation over the tropics and a Kelvin wave-type response,
anomalous vertical motion over the North Indian Ocean may result in the anomaly of the western North Pacific
subtropical high and modulate the convective activity in the western Pacific warm pool, which stimulates the
East Asia-Pacific (EAP) pattern and eventually affects summer precipitation over the Meiyu-Baiu (MB) region
(Fig. 1a).

The snow anomaly over the TP maintains from preceding spring (May) to summer, and therefore exerts an
important effect on summer rainfall over the MB region (Fig. 1b). The persistence of snow anomaly over the
western TP can partly explain the season-delayed effect of TP snow on summer rainfall over East Asia, which
differs from the contribution of the soil moisture appearing over the eastern TP. Therefore, the western TP
snow anomaly in preceding spring could be regarded as an important supplementary factor in the forecasting
of summer precipitation over East Asia (Fig. 1). (Liu Ge)

1.2 Research progress in the climate prediction: Novel methods

In 2014, we mainly focused on the research on climate prediction. By using fractal integral techniques,
we have decomposed a given climatic time series into two parts: (i) climate memory signals accumulated from
historical information, and (ii) weather scale excitations. When making predictions (simulations) of climate
states at a given time point, we can first calculate the climate memory signals, then try to predict (simulate) the
weather scale excitations.

Up to now, we have established a Fractal Integral Stochastic Model, and proposed a method which can
extract the climate memory signals quantitatively and successfully. We take the North Hemisphere temperature
anomalies (black curve in a) and PDO index (black curve in ¢) as an example, and extract their memory signals
(red curves). The memory signals account for a large proportion of the total variance, which indicates that
extracting climate memory signals is important and can improve our ability in climate prediction.

As for the second part, the weather scale excitations, we plan to use multi-predictors for our prediction.
By determining the typical time scales which different predictors may have significant influence on, we
aim to establish a hierarchical prediction model. Now we have proposed a new method, detrended partial-
cross-correlation analysis (DPCCA), which can be used to diagnose quantitatively the typical time scales for
different predictors. In Fig. 2, we analyzed the triple relations among the summer rainfall over Yangtze River
(SRYR), the preceding winter time Niflo3-SSTA, and the preceding winter time PDO index. As we can see,
this method can provide us with the correlation information on different time scales, which is useful for the
further development of a hierarchical model (Fig. 2). (Yuan Naiming)
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1.3 Individual variations of winter surface air temperature over Northwest and Northeast China and
their respective precursory signals

Based on the monthly mean surface air temperature (SAT) from 71 stations in northern China, the
NCEP/NCAR and NOAA-CIRES 20th century reanalysis data, the dominant modes of winter SAT over
northern China were explored. The results show that, apart from the first mode with a unanimously colder
(warmer) northern China as a whole, the second mode, which is characterized by a dipole structure with a
colder (warmer) Northwest China (NWC) and warmer (colder) Northeast China (NEC), also accounts for a
fairly large proportion of total variance. The two components constituting the second mode, the individual
variations of winter SAT over Northwest and Northeast China and their respective precursory signals were
further investigated. It is found that the autumn SAT anomalies are intimately linked to persistent snow cover
anomalies over Eurasia, showing the delayed effects on winter climate over northern China. Specifically, the
preceding autumn SAT anomalies over the Lake Baikal (LB; 50°-60°N, 85°-120°E) and Mongolian Plateau
(MP; 42°-52°N, 80°-120°E) regions play an important role in adjusting the variations of winter SAT over
NWC and NEC, respectively. The preceding autumn SAT anomaly over the MP region may exert an influence
on winter SAT over Northeast China through modulating the strength and location of East Asian major trough. The
preceding autumn SAT over the LB region may modulate winter westerlies at the middle and high latitudes of Asia
and accordingly affects the invasion of cold air and associated winter SAT over Northwest China. (Xin Yufei)

2 Development of a climate system model

Via years of work since 2009, the Institute of Climate System has successfully developed a climate system
model. By several years of continuous model development, significant improvement was achieved in terms of
removal of model flux correction, reduction of climate drift, and ENSO phase locking as well as precipitation
bias. Both the T42 and T63 versions have steadily integrated over 1000 years without flux correction,
displaying remarkable performance in simulating the global climatological mean state, seasonal cycle as well
as interannual variability, hence a potential application to climate prediction in China.

In 2014, encouraging progress has been achieved in the following areas:

(1) We successfully conducted the two-way coupling between CoLM land model and ECHAMS model.
The version of the coupled CoLM land model showed notable improvement in reducing ground temperature
bias for most areas of the globe, especially for the cold bias over the northern Asian-European continent.

(2) The horizontal resolutions of the atmosphere model and ocean model were increased to T255 (about
50 km) and 0.5 degree, respectively. The horizontal resolution of coupled model was also increased to T106 for
the atmospheric model and 0.5 degree for the ocean model. With the model resolution increased, the simulation
of precipitation over the East-Asian region was significantly improved.

(3) Modification of ECHAMS dynamical core. The “Two-Step Shape-Preserving Advection Scheme”
(TSPAS) was introduced for model vapor transportation. The result shows significant improvement in
simulation of East-Asian precipitation, especially precipitation around the Tibetan Plateau. (Rong Xinyao)

3 Variability and mechanism of the East Asian monsoon

3.1 Effect of the atmospheric heat source on the development and eastward movement of the
Tibetan Plateau vortices

In boreal summer, the low-level cyclonic vortices forming over the Tibetan Plateau (hereinafter the
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plateau vortices) are the major mesoscale rain-producing systems over the Tibetan Plateau. Most of the vortices
originate over the central-western plateau, and decay over the eastern plateau, especially over the sloping
terrain at the eastern edge of the Tibetan Plateau. Some of them can maintain a long time and move eastward
out of the plateau (Wang et al., 2009). The vortices moving off the plateau often trigger heavy rainfall to the
east of the Tibetan Plateau, and even give rise to disastrous weather events over eastern China.

Based on the final analyses data (FNL) of the Global Forecasting System of the National Centers for
Environment Prediction (NCEP) and the radiosonde data over the Tibetan Plateau, evolutions of two types
of the Tibetan Plateau vortices, moving-off the plateau (Type A) and dying-out on the plateau (Type B), are
investigated respectively. Compared to Type B vortices, the large-scale circulations associated with Type
A vortices show a stronger ridge to the north of the plateau and a deeper trough near the Bay of Bengal at
500 hPa, and the southwesterly flow from the trough and the northwesterly flow from the ridge converge
more intensely to the east of Type A vortices. Meanwhile, at 200 hPa the divergence on the right-hand side
of the upper westerly jet is just over the vortices. The convergence at 500 hPa and the divergence at 200 hPa
provide favorable conditions for the development and eastward motion of the vortices as well as the rainfall
to the east of the vortices. The condensation latent heat related to the rainfall has a close relationship with
the eastward movement of the vortices. The diagnoses of the potential vorticity (PV) budgets and spatial
features of the atmospheric heat source reveal that in the developing stages of the two types of vortices, the
vertical distribution of the atmospheric heat source determines both their intensity and moving direction.
In the decaying stage, the maintenance and eastward movement for Type A vortices mainly depend on the
convergence of the strong northwesterly and southwesterly to the east of the vortices. For Type B vortices, the
vertical PV flux divergence caused by the ascending motion around the vortices reduces the intensity of the
vortices and is unfavorable for their eastward motion. (Li Lun)

3.2 The initiation and development mechanisms of central Pacific El Nifios

The initiation and development mechanisms of four major central Pacific (CP) El Niflo events in 1994,
2002, 2006 and 2009 were investigated by analyzing oceanic and atmospheric reanalysis data. A mixed-layer
heat budget analysis was conducted and the result shows that the initiation mechanism of the 1994 CP El
Niflo is very different from other CP El Nifios in 2000s in spite that the development mechanisms are similar
among these events. The initial sea surface temperature (SST) warming of the 1994 El Nifio was caused by
enhanced solar radiation, which was related to atmospheric meridional overturning circulation in association
with the positive SST anomaly forced in the subtropical Pacific. The subtropical SST anomalies also induced
anticyclonic surface wind stress curl anomalies, which caused the formation of subsurface warmer water in
the off-equatorial regions. The off-equatorial subsurface warmer water was further transported equatorward by
the mean subsurface ocean currents, leading to the subsurface warming in the central equatorial Pacific. The
deepened thermocline anomaly at the equator further promoted a positive advective and thermocline feedback
so that the SST anomaly grew. During the initiation phase of the 2000s El Nifios, ocean dynamics played a
dominant role while the effect of surface heat flux anomalies was minor. Pre-existing subsurface warmer water
appeared in the equatorial region during its initiation phases. Such subsurface anomalies can cause the SST
warming in the central Pacific through induced anomalous eastward zonal currents that transport high mean
SST eastward. This positive zonal advective feedback, along with a positive thermocline feedback, continued
to warm the local SST throughout the development phase of the 2000s El Nifio events. (Su Jingzhi)

3.3 Impact of Indian summer monsoon on the South Asian high and its influence on summer rainfall
over China

By using the monthly ERA-40 reanalysis data and observed rainfall data, we investigated the effect of the
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Indian summer monsoon (ISM) on the South Asian high (SAH) at 200 hPa, and the role played by the SAH
in summer rainfall variation over China. It is found that in the interannual timescale the east-west shift is a
prominent feature of the SAH, with its center being either over the Iranian Plateau or over the Tibetan Plateau.
When the ISM is stronger (weaker) than normal, the SAH shifts westward (eastward) to the Iranian Plateau
(Tibetan Plateau). The east-west position of SAH has close relations to the summer rainfall over China. A
westward (eastward) location of SAH corresponds to less (more) rainfall in the Yangtze-Huai River Valleys
and more (less) rainfall in North China and South China. A possible physical process that the ISM affects the
summer rainfall over China via the SAH is proposed. A stronger (weaker) ISM associated with more (less)
rainfall over India corresponds to more (less) condensation heat release and anomalous heating (cooling) in
the upper troposphere over the northern Indian peninsula. The anomalous heating (cooling) stimulates positive
(negative) height anomalies to its northwest and negative (positive) height anomalies to its northeast in the
upper troposphere, causing a westward (eastward) shift of the SAH with its center being over the Iranian
Plateau (Tibetan Plateau). As a result, an anomalous cyclone (anticyclone) is formed over the eastern Tibetan
Plateau and eastern China in the upper troposphere. The anomalous vertical motions in association with the
circulation anomalies are responsible for the rainfall anomalies over China. Our present study reveals that the
SAH may play an important role in the effect of ISM on the East Asian summer monsoon. (Wen Min)

4 Palaeo-Climate

4.1 Millennial-scale phase relationship between North Atlantic deep-level temperature and Qinghai-
Tibet Plateau temperature and its evolution since the Last Interglaciation

This study employed proxy data to investigate the phase relationship between the North Atlantic deep-
level temperature and the Qinghai-Tibet Plateau (TP) surface air temperature (TP temperature) and its evolution
at the millennial scale since the Last Interglaciation. The results indicate the alternation of in-phase and anti-
phase relationships since the Last Interglaciation, with the in-phase relationships showing a shorter duration
than the anti-phase relationships. Alternations between the in-phase and anti-phase relationships occurred more
frequently during the Last Interglaciation than during the Last Glaciation. The phase relationship between
the North Atlantic deep-level temperature and the TP temperature was broadly illustrated by that between the
North Atlantic temperature (based on oxygen isotope data from the Greenland ice core) and TP temperature (Fig.
3). Furthermore, the North Atlantic deep-level temperature and the TP temperature may be connected through
the North Atlantic sea surface temperature. (Xiao Dong)

4.2 Evaluation of the ability of the Chinese stalagmite 5'°0 to record the variation in atmospheric
circulation during the second half of the 20th century

The Chinese stalagmite "0 (5'°Ocs) has provoked debate worldwide over the past few years due to its
lack of quantitative calibration, leading us to questions of whether §'*Ocs records a local or large-scale signal
and whether §'°Ocs records the signal of a single remote water vapor source or multiple water vapor sources.
In this study, we observe all of the 3'*Ocs trends within the instrumental period to verify whether they possess
a common trend, which could be used as a basis to determine whether the trends reflect the large-scale signal
together or whether each trend reflects the local signal. The results show that most of the 5'*Ocs experienced
a linear increase from 1960 to 1994, which may indicate that the §'*Ocs could record a trend occurring in
large-scale atmospheric circulations. We then quantitatively describe the proportion of water vapor transport
(WVT) from different source regions. Using the NCEP/NCAR reanalysis data from 1960 to 1994, the ratios
of the intensities of three WVTs from the Bay of Bengal, the South China Sea, and the western North Pacific
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during the summer are calculated. We define RSCS/BOB as the ratio of the WVT intensities from the South
China Sea to those from the Bay of Bengal, RWNP/BOB as the ratio of the WVT intensities from the western
North Pacific to those from the Bay of Bengal, and RWNP/SCS as the ratio of the WVT intensities from the
western North Pacific to those from the South China Sea. The significant decadal increase occurs in the time
series of RWNP/BOB and RWNP/SCS, most likely resulting from the strengthened WVT from the western
North Pacific in the late 1970s due to the western Pacific subtropical high that extended westward. A further
analysis indicates that when the equatorial central and eastern Pacific is in the El Nifio phase, the sea surface
temperature (SST) in the tropical Indian Ocean, the Bay of Bengal, and the South China Sea is high, and the
SST at the middle latitudes in the North Pacific is low, then the RWNP/BOB and RWNP/SCS values tend to
be high. Since the late 1970s, the equatorial central and eastern Pacific has often been in the El Nifio phase.
Therefore, we confirm that the §'*Ocs indeed records the variation in atmospheric circulation during the second
half of the 20th century. (Nan Sulan)

5 Polar Climate

5.1 New finding on climatic zonation in East Antarctica

Since 1996, the Chinese National Antarctic Research Expedition has started to set up the stakes to monitor
snowfall, deploy the Automatic Weather Stations to monitor the surface meteorology and measure the sastrugi
to identify the wind erosion. Based on these data, we explored the climatic zonation by a spatial analysis and
found that from the coast to the summit of East Antarctica, there are four sections with different surface mass
balance patterns. These sections are divided into heights of ~2000 m, ~3000 m and 3600 m.

Combined with studies by remote sensing and simulation, we found the coast, inland and dome areas have
different moisture sources: the precipitation at coast mainly comes from offshore, the precipitation at inland
comes from the southeast Indian Ocean and the dome area comes from low-mid ocean surfaces. Secondly, the
post-depositional processes by wind, could determine the loss of surface snow; this is the reason that the inland
area is divided into two sections with different surface mass balance tendencies. This finding has never been
reported before this paper, and still needs more evidence. (Ding Minghu)

5.2 A novel instrument in monitoring atmospheric water vapor isotopes

Previously, the studies on water isotopes were mainly carried out on liquid or solid water. One of the
most important reasons is that liquid or solid water is easily collected and transported. Compared with them,
vapor isotopes exist in atmosphere and could be measured in all kinds of weather. It could also provide more
information on global earth surface processes and hydrological cycles. During the past tens of years, the studies
on atmospheric water vapor isotopes were restricted in coarse spatial and temporal resolutions for technical
reasons. Besides, the isotopic fractionation processes above sea surface have been only carried out with
theoretical and physical simulation experiments. So, it is necessary to develop a system, method or instrument
to monitor the isotopic ratio and vertical profile. Based on the laser spectrum, we have invented an instrument
to achieve a real time-mobile-high precision measurement of atmospheric water vapor isotopes (Fig. 4).

This invention was authorized with a patent in December 2014 and the instrument has been successfully
applied in the Chinese National Antarctic/Arctic Research Expedition. The papers related to the instrument
have been published in Journal of Environmental Sciences, Journal of Glaciology and Geocryology, Progress
in Geography, etc. (Ding Minghu)
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Fig. 1 Field for artificially triggered lightning (left) and a successfully triggered lightning (right)
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Fig. 2 A building observation system (left) and a high-building lightning (right)
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Progress in Atmospheric Sounding and Lightning Research

Based on theoretical research and practical application while focused on key directions of the lightning
field experiment and the theoretical research, a lot of observation and research activities were carried out
and fruitful results were achieved by the Institute of Atmospheric Sounding (IAS) in 2014. 13 papers were
published, 4 of which were collected by SCI/EI; one was requesting an international patent, 3 national patents
for invention and 2 patents for practical novelty; one software copyright was authorized; one person obtained
the title of “National Outstanding Young Meteorological Science and Technology Worker”. The concrete
results are shown as follows.

1 Lightning field experiment and physical process research

1.1 Comprehensive observation experiment on lightning discharge

The TAS conducted the comprehensive observation experiment on lightning discharge in 2014. The
Guangdong Comprehensive Observation Experiment on Lightning Discharge (GCOELD) carried out in
Guangzhou from May 6 to Aug 28 is the ninth field experiment since 2006. 15 lightning flashes, including
45 return strokes, have been triggered successfully, which are the best results since the year of 2006 when
GCOELD began. The synchronous observation data, including current, electromagnetic signal, optical radiation
and high speed video, have also been acquired. As for the observation of natural lightning, the synchronous
auto-observation technology of multiband lightning signals has been further developed, and the multiband
observation platform, which detects LF electromagnetic signal, optical radiation, broadband radiation, and
high-speed video, has been improved through a flexible triggering method and an auto-observation method.
The multiband observation data for tens of flashes have been recorded, which helps further deepen the research
of lightning discharge. At the same time, the novel observation system of electric field change and of high-
sensitivity has been built and operated continuously, and continuous data of lightning discharge have been
acquired. As for the observation of lightning on high buildings, we set up some novel observation systems,
including two slow/fast antennas with a large detection range and two whole-view imagers of lightning
channel, with 79 comprehensive cases of high building lightning recorded.

Additionally, the test of lightning protection technology has been conducted based on the close triggered
lighting. The electromagnetic compatibility of high voltage line has been checked and 10 induction signals
near the triggered lightning have been recorded, which provide fundamental data for optimizing the lightning
protection scheme of high voltage line and establishing the lightning protection level in the future. Further, the
coupling mechanism on electromagnetic pulse of a high voltage line has been studied.

The experiment in Chongqing has preliminarily built a local prototype network of three-dimensional
(3D) lightning location system of high accuracy, which includes 9 substations and 1 central station. At the
same time, the location algorithm of time-of-arrival (TOA) for lightning 3D location of high accuracy and the
software for distinguishing lightning types has been developed.

The experiment in Lasa focused on the tasks as described in the project “Fundamental Research for
Lightning Protection in the Potala Palace”. The instruments of optical imaging and electromagnetic signal for
lightning have been installed and operated (Fig.1-2). (Zhang Yang, LiiWeitao)
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1.2 Observation and analysis of the 3D propagation characteristics of lightning leader

A two-dimensional (2D) image of lightning channel, which cannot reflect the real 3D spatial distribution
of lightning channel, is insufficient to meet the needs of an accurate analysis of the 3D lightning channel
development characteristics and the interaction between different leaders. A reconstruction method of 3D
lightning channel from dual-station optical observation is established. The 2D coordinate sequence of lightning
channel is obtained from each 2D lightning image captured at different positions. The principles of 3D spatial
geometry are used to match the coordinates from different sequences to reconstruct the 3D lightning channel.

Six downward negative flashes terminated on tall structures in Guangzhou are analyzed. The 3D lightning
channels of the upward connecting leaders (UCL) are reconstructed. For comparison, the corresponding 2D
parameters are calculated using the single-station high-speed images. The main conclusions are summarized
as follows: the 3D length values of the six UCLs range from 180 to 818 m with an average value being 426 m;
38 3D speed values calculated by combining the 3D UCL channel and the high-speed images for the six UCLs
range from 0.8x10° to 14.3x10° m s™' (average: 4.7x10° m s™') and four of them (11%, 4/38) are on the order of
10° m s™'; the corresponding 2D length and 2D speed range from 147 to 610 m and 0.3x10° to 10.6x10° m s™,
respectively; the average value of the 3D speed is 1.3 times that of the 2D speed; when the time approaches the
return stroke, the propagation speed of the UCL increases and all of the four 3D speed values on the order of
10°m s™' occur less than 0.2 ms prior to the RS; when the 3D length is shorter than 300 m, 77% (20/26) of the
corresponding 3D speed values are smaller than 5x10° m s™', and when the 3D length is longer than 300 m or
the UCL tip height is higher than 650 m, all of the corresponding 3D speed values are faster than 5x10° m s™' (Fig.
3). (Lt Weitao, Ma Ying)

1.3 Characteristics analysis of a continuing current process and M-component in an artificially
triggered lightning

The Continuing Current (CC) process of cloud-to-ground lightning is a discharge process in which
charges are continuously transferred to ground along the lightning channel after a return stroke. The magnitude
of CC is small, but the duration of CC is commonly long. So CC often causes a lightning disaster. It’s very hard
to get current data due to the randomness of lightning. An artificially triggered lightning, in which the location
and time of a triggered lightning can be controlled, is an effective way to measure currents of lightning. An
artificially triggered lightning is different from a natural lightning, which only has CC after a return stroke. Yet
an artificially triggered lightning has both CC and Initial Continuous Current (ICC) processes. Only the CC is
analyzed using simultaneous observations of current, electric field change and channel luminosity by coaxial
shunts, fast and slow antennas, and high-speed cameras in Guangzhou Field Experiment Site for Lightning
Research and Testing, Conghua, Guangdong, China. Then, photoelectric characteristics and parameters of 14
CC and 43 M-components after return strokes of a triggered lightning observed in summer from 2008 to 2011
are analyzed. The relationships between some characteristic parameters of CC and M-component are analyzed,
too.

The current waveforms of CC after return strokes are continuous and change slowly. Usually, there
are current pulses ranging in size superimposed on CC waveforms. The slow electric field waveforms of
CC are slowly changing, too. The lightning channel below the cloud is always luminescent during CC. The
current waveforms, fast and slow electric field waveforms and channel luminosity variation waveforms of
M-components are approximately symmetrical. The geometric mean of duration, charge transferred to ground,
average current and action integral for CC are 22 ms, 6.0 C, 273 A, 4187 A’s, respectively. The geometric
mean of magnitude, charge transferred, half peak width, rise time (10%-90%), duration, preceding CC level,
inter-pulse interval, action integral for M-components are 409 A, 205 mC, 520 ps, 305 ps, 1.6 ms, 310 A,
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6.5 ms, 465 A’s, respectively. There are remarkable positive correlations between the duration of continuing
current and number of M-components, and between the duration of continuing current and inter-pulse interval
of M-components. The correlation coefficients are 0.83 and 0.75, and both pass the significant verification of
0.01 level (Fig. 4). (Zheng Dong, Zhang Yang)

1.4 Occurrence regularity of CPT discharge events in a negative cloud-to-ground lightning

Occurrence regularity of chaotic pulse trains (CPT) discharge events in a negative cloud-to-ground (CGQG)
lightning during six thunderstorms is analyzed. Results show that CPT is a common phenomenon throughout
the negative CG lightning discharge process. 243 times of CPT discharge events occur during 323 negative
CG lightning processes with a proportion reaching 75.2%. CPT in negative CG can occur before the first
return stroke, between the strokes, and after the last stroke. The proportion of 66.7% of the total subsequent
strokes is preceded by CPT, and CPT occurs after 11.5% of the total last strokes. It is also found that there are
four distributions prior to subsequent strokes: single CPT-c (CPT connecting with subsequent strokes), single
CPT-i (CPT occurring in an interval between CPT and return strokes), CPT-c and CPT-i occur concurrently,
and several CPT-is appear concurrently. Single CPT-c is the most common, 39.4% of subsequent strokes are
preceded by single CPT-c, and several CPTs are easier to occur before the first and second subsequent strokes,
which are respectively 9.4% and 7.7% of the total corresponding strokes. With the increasing subsequent
strokes, there is a decreasing occurrence of CPT, and in addition to the previous two subsequent strokes, the
number of CPT-c is obviously greater than that of CPT-i. In addition, both CPT-i and CPT-c coincide with the
negative CG K-change, and some also correspond to the process of J-change in the slow electric field wave (Fig.
5). (Zhang Yang)

1.5 The multi-scale entropy feature of a chaotic leader in a CG lightning

To address the difficulty in determining chaotic pulses, we apply the multi-scale entropy method to
distinguish chaotic, dart and dart-stepped leaders. The calculation method of multi-scale entropy and the
applicability in characterizing complex signals have been investigated. The key parameters of multi-scale
entropy during their application to the analysis of lightning chaotic pulses have been researched, and the multi-
scale entropies for chaotic, dart and dart-stepped leaders have been compared. The results show that although
the entropies of chaotic and dart leaders both increase firstly and then stabilize with the changing scale, their
values are obviously different. The entropy of a stepped leader does not change too much with the increasing
scale, and its value is different from that of a chaotic leader when the scale is larger than 3. As a result, we
suggest that the entropy with a value of >1.5 indicates a chaotic leader, in contrast, the entropy with a value of
< 1.5 corresponds to a stepped-leader or a dart leader. The average value of characteristic entropy for a chaotic
leader is 2-2.1, the range of maximum values of it is 2.6-2.8, and the range of minimum values of it is 1.5-1.51
(Fig. 6). (Zhang Yang)

1.6 Lightning electric field change signal measuring system and method

To address the saturation during the close measurement of lightning, a lightning electric field change
signal measuring system has been invented. The system comprises a detection antenna, an electric field rapid-
change receiver and a signal processing module, wherein the electric field rapid-change receiver is respectively
connected with the detection antenna and the signal processing module; the detection antenna is used for
transmitting an electric field change signal generated by an induced lightning to the electric field rapid-change
receiver; the electric field rapid-change receiver is used for processing the electric field change signal to obtain
a lightning electric field rapid-change signal and transmitting the lightning electric field rapid-change signal
to the signal processing module; and the signal processing module is used for acquiring and processing the
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lightning electric field rapid-change signal to obtain a lightning electric field slow-change signal. The invention
also covers a lightning electric field change signal measuring method corresponding to the measuring system.
The system and method detect the electric field change signal by the reception of E-change, and then process
the data to get a slow E-change waveform. As a result, it realizes an integrated measurement of lightning
electric field rapid-change and slow-change signals, and solves the saturation during the close measurement of
lightning (Fig. 7). (Zhang Yang, Meng Qing)

2 Characteristics of lightning activity in a thunderstorm and its relationship with
weather phenomena

2.1 Relationship between lighting and precipitation based on atmospheric stratification and
thunderstorm development

A total of 28 thunderstorms occurring in and around Beijing from 2006 to 2008 are collected to
investigate the relationship between total lighting (observed by SAFIR3000) and convective precipitation (by
radar inversion). These cases are classified according to the parameters of atmospheric stratification and the
reflectivity of radar. The quantitative results provide a reference for applications of lightning data to severe
weather warning and precipitation estimation. The lightning forecast can also be improved by assimilating
the relationship between the hydrometeors and the lighting activities to the numerical prediction models. The
analysis can extend the application of the lighting data.

The results show that the average convective rain yield per flash is 1.92x10” kg fl”' on the whole, while
the linear correlation coefficient between total lightning frequency and convective precipitation is 0.584.
Total lightning frequency (expressed by F with the time interval being 6 min) can be used to calculate the
amount of convective precipitation with the equation being R = (2.813x10% + (4.570x10°) F. A total of 28
thunderstorms are classified according to the available potential convective energy (Ecap) and lifting index
(L) of the atmospheric stratification. It is found that strong instability of atmospheric stratification tends to be
associated with smaller precipitation and there is a more pronounced correlation between total lightning and
precipitation. The classified Ecap (no less than 1600 J-kg™') has a correlation coefficient of 0.837. The total
lightning frequency can be used to calculate the amount of convective precipitation with the equation being
R = (1.620x10%) + (5.478x10°) F. While the classified LI (no less than 4 K) has a correlation coefficient of
0.853, the total lightning frequency can be used to calculate the area of the amount of convective precipitation
with the equation being R = (1.530x10%) + (6.276x10°) F. Another three parameters are calculated from radar
reflectivity, i.e., maximum height of 20 dBz reflectivity, maximum reflectivity at 12 km level, and volume
ratio of the reflectivity larger than 30 dBz above 0°C to the reflectivity larger than 40 dBZ above 0°C , in terms
of their radar volume scans. The most pronounced relationships between lightning and precipitation occur
in the classification of H20 dBz<11.5 km, 25 dBz<f12 km<35 dBz, and V40/30<0.39, when the correlation
coefficients are 0.804, 0.609 and 0.750, respectively. The linear correlation between lightning and precipitation
shows obvious differences in different classifications. The fitting equations in different classifications will
provide references for the application of relationships between lightning and precipitation according to the
characteristics of thunderstorm processes. (Zheng Dong)

2.2 Characteristics of CG lightning in Shanghai and its surrounding regions and land-sea difference

With observations from the LS8000 lightning location system, cloud-to-ground (CG) lightning activities
in Shanghai and its surrounding regions are studied. The percentage of positive CG lightning in the total is
about 8.5% and that of large current CG lightning (with the absolute value of current larger than 50 kA) is
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5.6%. CG lightning activities highly occur in the period from June to September, and peak in August. For the
temporal distribution of CG lightning, 12:00 to 19:00 BT is an active period, which peaks at 14:00 BT and
bottoms out in the morning. The monthly and hourly distributions of the percentage of the positive cloud-to-
ground (PCG) lightning are seasonal. Setting 31°N as the boundary, the CG lightning density is generally 6
to 12 flashes/(km*-a) in the northern part and 2.4 to 4.8 flashes/( km®-a) in the southern part of the analyzed
area. At the same time, the CG lightning density on land is higher than those in lake and oceanic areas, while
the percentage of PCG lightning and the large current CG lightning in the oceanic area is significantly higher
than those on land. The time changes of spatial distribution of CG lightning show that CG lightning activities
mainly appear on the land in the afternoon and near the water in the morning, while in other periods are
transitional, which is closely related to the heating effect of the underlying surface. (Zheng Dong)

3 Simulation of the electrification of a tropical cyclone using the WRF-Electric model

Inductive and non-inductive electrification schemes and a bulk discharge parameterization are introduced
into the Milbrandt and Morrison two-moment microphysical schemes in the WRF-ARW model. The model
with electrical processes, referred to as WRF-Electric, is able to simulate charge density and lightning
distribution in storms. Four different charge separation schemes (TGZ, GZ, SP98 and RR) are introduced into
the two microphysics schemes. Fig. 8 shows the frame of the WRF-Electric model.

The evolution of the electrification of an idealized Tropical Cyclone (TC) is simulated by the WRF-
Electric model. The characteristics of TC lightning can be further understood by comprehending the
electrification of TCs. This study makes an attempt to illustrate the evolution of the charge structure of TCs.
The results of this study can be supported by most of the previous observations and simulations.

The results indicate that the eyewall generally exhibits an inverted dipole charge structure with negative
being above positive. In the intensification stage, however, the extremely tall towers of the eyewall may exhibit
a normal tripole structure with a main negative region found between two regions of positive charge. The outer
spiral rainband cells display a simple normal dipole structure in all stages. Further analyses indicate that the
differences in charge structures are associated with different updrafts and particle distributions. Weak updrafts,
together with a coexistence region of different particles at lower levels in the eyewall, result in charging
processes that occur mainly in the positive graupel charging zone (PGCZ). In the intensification stage, the
occurrence of charging processes in both positive and negative graupel charging zones are associated with
strong updrafts in the extremely tall towers. In addition, the coexistence region of graupel and ice crystals is
mainly situated at upper levels in the outer rainband, so the charging processes mainly occur in the negative
graupel charging zone (NGCZ). The conceptual model of the evolution of the charge structure of TCs is built
(Fig. 8-9). (Wang Fei, Xu Liangtao)

4 Research working progress about lightning operational application

4.1 Promotion training of the lightning detection, nowcasting and warning system

“2013 Meteorological Monitoring and Disaster Warning Project”, the second stage of the national
training on CAMS LNWS, was held by IAS in Anhui branch of the China Meteorological Administration
Training Center during 16—19 September 2014. A total of 65 staff members from meteorological stations and
lightning protection centers at national level and from the Meteorological Center of the North China Air Traffic
Management Bureau of Civil Aviation Administration of China participated in this course.

The TAS revised the context of the course and updated the teaching materials according to the feedback
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of the first training course held in 2013. The training course covered lightning physics, lightning disaster,
lightning detection, lightning warning, and lightning protection engineering. The course, which was highly
praised by the participants, promoted the further application of research outputs to operations and services. (Yao
Wen, Meng Qing, Zhang Wenjuan)

4.2 Application of Lightning Nowcasting and Warning System (CAMS_LNWS)

After localization test in the Lightning Protection Center of Guangdong Province, the CAMS LNWS was
put into operation in Guangdong on April 20, 2014. During the operational period, it made several successful
early warnings and the evaluation results of POD (Probability of Detection), FAR (False Alarm Rate) and
TS (Threat Score) showed that all warnings performed well. Now, the products of CAMS LNWS have been
used in the services for ultra-high buildings, hazardous chemicals sites and other key areas. It can provide an
important reference for decisions to be made for work time arrangement, lightning risk avoidance, and safety
production.( Yao Wen, Meng Qing)
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Advances in Cloud Physics and Weather Modification

1 Observational studies on cloud physics

1.1 Observation and analysis of characteristics of formation, evolution and transition of a long-
lasting severe fog and haze episode in North China

An unusual fog and haze event lasting for one week occurred during 1-7 December 2011 over North
China. To investigate the characteristics and mechanism of formation, evolution and transition of the fog
and haze event, the microphysical properties such as aerosol, cloud condensation nuclei (CCN), fog droplet
spectrum and liquid water content (LWC), as well as horizontal visibility and boundary layer properties were
studied by using the data collected in the project of Low-Visibility Weather Monitoring and Forecasting
in the Beijing-Tianjin region. The results indicate that the long-lasting fog and haze event occurred in a
high pressure weather system and calm wind condition. The stable boundary-layer structure resulting from
temperature inversions caused by warm advection and radiation cooling provided a favorable condition for the
accumulation of polluted aerosols, and the formation and development of the fog and haze event. In particular,
the continuous southerly wet advection led to a long process. The horizontal visibility was almost below 2
km in the whole process, with the lowest being only 56 m. The average LWC was about 10~ g m™, with the
maximum reaching 0.16 g m™. The aerosol number concentration was more than 10000 cm™, with the mass
concentration ranging from 50 to 160 pg m™. The further study shows that the fog and haze event experienced
three main different processes in intensity during the whole period, each process being divided into three
main stages: aerosol accumulation, transition and mixture of aerosol and fog, and dissipation. Each stage
had different physical features: the aerosol accumulation stage was characterized by the increase of aerosol
number concentration in Aitken nuclei and accumulation mode sequentially. In the transition and mixing stage
of fog and haze, the latent heating produced by the fog droplet condensation process and high aerosol number
concentration condition intensified the Brownian coagulation process, which induced the small size of aerosols
to become larger ones and enhanced the CCN activation process, thereby promoting the explosive development
of the fog event. The ratio of aerosol activated to CCN reached 17%, and the ratio of CCN converted to
fog droplets exceeded 100%, showing an explosive broadening of fog droplet spectrum. The decrease and
dissipation of the fog were caused by an increased solar radiation heating or the passage of cold frontal system.
(Guo Lijun, Guo Xueliang, Fang Chungang, Zhu Shichao)

1.2 Ice crystal habits, distribution and growth processes in stratiform clouds with embedded
convection in North China: Aircraft measurements

Ice crystal habits, distribution and growth processes in two cases of stratiform clouds with embedded
convection on 18 April and 1st May 2009 are analyzed with data observed during the Beijing Cloud
Experiment (BCE). The results show that ice crystal habits in clouds with temperature between 0—16 °C were
predominantly plate, needle-column, capped-column, dendrite and irregular. Ice crystal habits were affected
by the cloud top temperature (CTT), which differed with the changing CTT. Plate and needle-column were
predominant habits as CTT was warmer than -8 °C while dendritic and capped-column crystals were observed
just as CTT was colder than -13 °C and -18 °C respectively. At the same time, ice crystal habits were also
affected by their locations in cloud, since there were a lot of heavy rimed crystals in embedded convective
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regions. Above the melting layer, ice particle grew mainly by deposition, riming and aggregation processes.
The riming process became more intense in lower cloud layer due to the increase of super-cooled liquid water
content. The broadening rate of particle size distributions (PSDs) is obviously different between embedded
convections and stratiform clouds in the vertical direction, at levels of 4.8-4.2 km (-11.6—-8 °C), the PSDs
broadening rate in embedded convections is 3 mm km™, smaller than 3.67 mm km™' in stratiform clouds, but at
levels of 4.2-3.6 km (-8—-5 °C), the PSDs broadening rate in embedded convections is 6.67 mm km™', which
was almost three times as fast as 2.33 mm km™' in stratiform clouds, which was mainly due to the fact that
embedded convections had more super-cooled liquid water than stratiform clouds at levels of 4.2—-3.6 km. (Zhu
Shichao, Guo Xueliang)

1.3 A 35-channel microwave radiometer for profiling atmospheric temperature and humidity

The design principles and main characteristics of the MWP967KV ground based 35 channel microwave
profiling radiometers are presented. The prototype radiometer is a compact integration of dual band (K and V)
broadband radiometry antennas, two receivers, a synthesized local oscillator, a surface meteorological sensor,
and a power supply in a cabinet. It has the capability of detecting down-welling atmospheric thermal emission
continuously on a minute time scale. Several levels of observed data are composed and regulated. By using BP
artificial neural network retrieval algorithms, the radiometer is capable of retrieving the vertical distributions
(profiles) of atmospheric temperature, water vapor, relative humidity, and other variables in real time. The
retrieved profiles range from the surface up to 10 km in 58 layers. The radiometer was used in atmospheric
observation in Beijing in autumn to winter of 2012 for about two months. The data of 69 radiosonde cases are
gathered to evaluate the radiometer’s performance. The accuracies of dual band atmospheric bright temperature
values are analyzed. The retrieved temperature and humidity profiles are analyzed as well, and the mean
difference, root mean square difference, and correlation are calculated. The statistical results indicate that
the radiometer has the ability to support real time weather surveillance, being internationally advanced. (Lu
Jiangping, Huang Jiangping, Guo Xueliang)

1.4 Discriminating a cloud area by using L-band sounding data

L-band sounding data recorded from January 2008 to December 2009 and corresponding spatial and
temporal CloudSat data are used to analyze the cumulative frequency distributions of relative humidity in
and near clouds. It is determined that the accuracy of cloud discrimination can reach 81% against a relative
humidity threshold set at 75%. In addition, various thresholds of relative humidity for discriminating clouds
are evaluated on the bases of bias score (BS) and threat score (TS). By setting the relative humidity at 81%,
the highest TS score of 0.66 is achieved. Moreover, relative humidity thresholds at various heights are also
analyzed on the basis of BS and TS. The results show that the relative humidity threshold with the highest TS
score at the same cloud height decreases when the height increases. The TS score of the discriminated cloud
area with these thresholds for corresponding altitudes is higher than 0.6, and the accuracy is more than 84%,
which is significantly better than that obtained by using a single relative humidity threshold for all heights.
Finally, with these thresholds being optimized, a method of discriminating the cloud vertical structure is
proposed by using L-band sounding data. (Cai Miao, Ou Jianjun, Zhou Yuquan)

1.5 Observation, analysis, and hail-forming area identification of a super-cell hailstorm

A detailed analysis on the evolution of stream fields and echo structures of a super-cell hailstorm that
occurred on April 17, 2011, is conducted on the basis of Doppler radar data combined with radio sounding
and surface observations. The main results are as follows: The hailstorm occurring in a conditional instability
and significant vertical wind-shear environment was classified as a right-moving storm. A cross-section of the
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development stage shows that an organized updraft was formed gradually, which promoted the formation and
development of the hail cloud. During the hail-forming stage, a strong, tilted updraft and deep meso-cyclone
emerged in the hailstorm; the main updraft corresponded to the weak echo region. The hailstorm maintained a
typical bounded weak echo region (BWER)-overhang echo-wall echo structure. According to the evolution of
zero velocity line, which connects the radar radial velocity and the speed of hailstorm, the line approached the
overhang echo zone with the developing hail cloud and crossed the overhang echo. The trend of zero velocity
line was upturned, and the collection power of the cave channel near the line was sufficiently strong to form
hail. The hail formation area can be analyzed through the determination of the zero velocity line. A method
of identifying the characteristic structure of the hail-forming region is also presented in this study. According
to the strong echo dislocation of high and low levels, the characteristic structure is determined quickly and
accurately from the strong echo center section at two heights. Moreover, a 45 dBz region at a 6 km height
above the 0 °C layer is identified as a hail-forming region, where the potential of hail is calculated to be 100%.
The identified hail region is in good agreement with the actual hail observation. (Cai Miao, Zhou Yuquan)

1.6 Observational studies of distribution characteristics of supercooled cloud water during a westerly
trough process

The growth and evolution of supercooled water are always a concern in the cloud physics and weather
modification science. Based on the hypothesis proposed by Hobbs in 1974, a westerly trough in Hebei
Province on 21 September 2012 is analyzed by using the airplane observation, satellite monitoring, radar
monitoring, and other regular observation data. Results show that (1) a wide and thick area of supercooled
water exists in front of the trough where the supercooled water is abundant, the concentration and root mean
cube diameter of the forward scattering spectrometer probe (FSSP) are relatively of high value, and the
cold cloud is thick without dry layers or warm cloud; (2) as the trough draws near, the cloud near the trough
develops rapidly, the concentration and depth of the area of the supercooled water increase significantly, the
cloud becomes thicker with dry layers, the liquid water content (LWC) in cold and warm cloud is abundant,
meanwhile the concentration of 2DC and 2DP is of high value, and the mesoscale structures move quickly; (3)
in the rear of the trough, the root mean cube diameter of the droplets and the amount of the supercooled water
are remarkably small, and the height and width of the supercooled water decrease a lot, although the cloud
concentration is still high, the cold cloud is very thin with a dry layer between warm cloud and cold cloud,
and the warm cloud has several layers with a high value concentration of 2DC and 2DP. The precipitation is
produced by the warm rain process. Usually the peak of the LWC stays over the temperature inversion layer.
The results based on the analysis of the particle measurement system (PMS) data are well consistent with those
based on the satellite and radar monitoring data. ( Zhou Yuquan, Sun Jing )

2 Cloud physics and artificial seeding simulation researches

2.1 A case study of aerosol impacts on summer convective clouds and precipitation over North
China

The emissions of greenhouse gases, precursor gases and particulate matters may directly alter the Earth
radiative budget or indirectly modify cloud and precipitation processes, and possibly induce changes in climate
and the hydrological cycle at the regional to global scale. The previous publications reported a few quantitative
assessments and inconsistent results on the effects of the emissions on cloud and precipitation. The aerosol
properties and possible impacts on a convective precipitation case on 4 July 2008 over the urban region of
North China are investigated based on the Moderate Resolution Imaging Spectroradiometer (MODIS) data and
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the Weather Research and Forecast (WRF) model coupled with Chemistry (WRF-Chem). Results show that the
Aerosol Optical Depth (AOD) is over 0.9 in the study area, indicating a high concentration of aerosol pollution.
The value of Angstrom exponent in the study area is larger than 1.0, indicating that the main particles in the
area are industrial and biomass burning pollution aerosols with a radius of less than 0.25-0.5 pm. The modeling
results show that the domain-averaged precipitation amount under polluted conditions can be increased up
to 17% during the whole cloud lifetime. However, the maximum rainfall rate above 30 mm h™' is enhanced,
whereas that below 30 mm h™' is suppressed in most cloud lifetime. The differences of cloud microphysics and
dynamics between polluted and clean conditions indicate that both warm and ice microphysics and updraft are
suppressed at the storm’s initial and dissipating stages, whereas those at the storm’s mature stage are obviously
enhanced under polluted conditions. (Guo Xueliang)

2.2 Theoretical research on Agl seeding simulation of the decreased convective rainfall

After two prognostic variables are added, An Agl seeding scheme is coupled with a three-dimensional
cloud model, considering four nucleation modes. A case of heavy convective rainfall is simulated using this
model. Numerical seeding experiments of releasing Agl in cloud are simulated to study the possibility to
decrease the heavy convective rainfall. Several tests of different locations and different concentrations of
seeding particles are designed. Results show that over-seeding in an updraft area with supercooled water can
not only reduce the amount of rainfall, but also reduce the maximum rainfall strength. With 2 X 10° kg™ seeding
concentration, rainfall amount can be decreased up to 32%, which greatly lowers the possibility of causing
flood. After seeding with large amounts of Agl, numerous Agl particles are nucleated, and these ice particles
consume much supercooled water. The falling speeds of graupel and raindrops become weaker after seeding.
The decrease of melting amount of graupel to rain in seeding cloud causes the decrease of rain amount, and
later the much more evaporation of rain causes less rainfall amount. Results show that condensation freezing
and immersion freezing are the dominant nucleation modes in this convective cloud. The over-seeding methods
in this research are able to be used in a field operation. (Lou Xiaofeng, Sun Jing, Shi Yueqin, Zhang Xing)

2.3 Effects of underlying surface on the formation and evolution of hail cloud

A severe hailstorm in Beijing on 31 May 2005 was simulated using mesoscale model WRF and compared
with the observed radar echo, hailstorm moving path and hail fall area. The effects of underlying surface
of cities and farmland on hailstorm was investigated. The results show that due to the effect of Urban Heat
Island ( UHI ) , the sensible heat flux is obviously increased, which is favorable for the development of hail
cloud and enhancement of vertical velocity and formation of larger-sized hailstones, and the increase of the
surface accumulated hail fall. But the influence of urban surface on the moving path on hail cloud is smaller.
The farmland surface has larger latent heat flux and higher evaporation, which is favorable for the formation
of a large amount of smaller-sized hailstones, and induces weak vertical velocity and small mean diameter
of hailstones in the cloud. The surface accumulated hailfall decreases due to the weakening intensity of hail
clouds for farmland surface. (Guo Xueliang)

2.4 Numerical simulation of a convective stratiform mixed cloud precipitation at different scales

The precipitation of a convective stratiform mixed cloud in Zhangjiakou during 18—19 April 2009 is
simulated using the mesoscale numerical model WRF-ARW (V3.2) and comparatively analyzed with the
observation data at different scales. Results show that the west wind trough at 700 hPa and the low vortex at
850 hPa are the main weather systems responsible for convective stratiform mixed cloud. The warm wet air
from the southern China and the low vortex from northwest Inner Mongolia are main water vapor suppliers,
which converge in Zhangjiakou region and thus are conducive to cloud system development and precipitation
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formation. The cloud system shows a NE-SW banded distribution, which is 1000 km long and 300 km wide,
and has lots of cloud water centers, covering tens of kilometers. The cloud system has the echo characteristics
of typical convective stratiform mixed cloud precipitation, such as columnar echo of cumulus cloud embedded
in a uniform echo layer. The cross-section of radar echo shows that the cloud water content is heterogeneous
either horizontally or vertically. The centers of rainwater are corresponding with the centers of graupel and
snow in the upper layer, with a horizontal range of 10-20 km. (Zhang Wei, Zhou Yuquan)

2.5 Numerical simulation and flight observation of stratiform precipitation clouds in spring in Shanxi
Province

The CAMS meso-scale cloud model was introduced and operationally applied in Shanxi Province in
2009. The macro and micro structure of stratiform precipitation clouds, especially the vertical micro-physical
structure are simulated and analyzed of a spring stratiform precipitation process in Shanxi Province on April
20th, 2010 by using this model. Two times of cloud physical detection flights are carried out by using a
weather modification plane equipped with Droplet Measurement Technologies (DMT) in the same place during
the same period of that day. The data and images from flight detection and the results of numerical simulation
are compared and studied. Simulation results show that the precipitation process mainly comes from cold
stratiform cloud. The cloud contains a lot of supercooled water, and the thickness of the rich supercooled water
layer is about 4000 meters. The temperature of the supercooled layer was 0—-40 °C, and the ratio content of
the supercooled cloud water is 0.1-0.7 g kg™ with some ice crystals distributed unevenly. The structures of
the stratus precipitation cloud can be roughly divided into three layers. The first layer (upper layer) is mainly
composed of ice crystals; snow, sleet, and supercooled cloud water is mixed in the second layer (middle layer);
and the third layer (lower layer) is mainly of liquid raindrops. The vertical distribution and the transformation
of different hydrometers in different stages of the precipitation are analyzed. The precipitation mainly comes
from the melting of the ice phase particles such as ice crystals, snow, sleet and the transformation of liquid
cloud droplets. A comparison of the numerical simulation results and the plane observation shows that the
relationship between temperature and altitude is in good agreement. The simulated vertical structure of the
different cloud particle phase and the vertical distribution of the cloud liquid water ratio content are nearly the
same as the vertical distribution of different cloud particle images and the cloud liquid water content of the
flight detection. The difference is that the simulated height where various hydrometeors appear is higher than
the actual flight detection. (Tao Yue, Shi Yueqin)

3 Research on technology of weather modification

3.1 Study of antiaircraft-gun, plane and rocket cloud seeding diffusion and operation designing

This article gave out the diffusion law of different seeding ways such as antiaircraft-gun, rocket and plane,
based on the analytical solution of cloud seeding agent diffused in cloud, by the diffusion calculation model
of point source, multi-line source and mobile point source. It studied the diffusion law and effective range of
different seeding ways and examined the calculation scheme by using a flight seeding track caught by a satellite,
and discussed such problems as adequate seeding flight designing. The main conclusions were as follows: As
a point source, when using a single antiaircraft-gun for work, the operation range was only 0.5 km, it would be
better to use multi-shell for keeping concentration and diffusion range, the work effect can be improved largely
when nucleation rate was raised. The work of rockets and planes was calculated as a line source, the widths
beyond threshold value 1 h after seeding were about 7 km and 6.6 km, which could be taken as a reference for the
multi-line seeding flight interval. Due to the effect of wind, the diffusion areas would disperse or overlap when
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using ‘S’ seeding way. The best flight design which could make the target area get adequately seeded was a ‘8’
shaped flight route. The cloud seeding diffusion calculation and work designing software developed based on
diffusion calculation model could calculate the diffusion range, concentration and evolution by time of agents released
from a plane, an antiaircraft-gun and a rocket in real work, and could design the seeding ways for effective
work in different target areas. The results, which were direct and clear, helped with the actual work application
and seeding diffusion calculation as a guidance to weather modification in our country. ( Zhou Yuquan)

3.2 Evaluation of precipitation enhancement and hail suppression programs in Beijing region

Seeding effects investigation or evaluation is one of the most important parts of weather modification.
It also acts as a crucial standard of assessing the scientific and technological level of weather modification
activities, and plays an extremely important role in promoting the development in this connection. Taking
into account the activities implemented in Beijing region in recent years, we assessed the seeding effects of
precipitation enhancement and the economic benefits of hail suppression between 2004 and 2010, based on
the classical method of historical regional regression and the agricultural disaster data collected around the
whole region. The results indicate that: (1) in the assessment period from May to September, the average ratio
of precipitation enhancement efficiency tends to stand at about 20 percent with the sample numbers being
accumulated year by year. In the target area selected, cloud seeding totally increased the precipitation amount
by 417.8 mm during the 7 years. The statistical seeding effect is of high significance; and (2) the estimated
average annual economic benefit of hail suppression is nearly 248 million yuan. The average cost-benefit ratio
is about 1:16. The highest and the lowest economic benefit appeared in 2009 and 2005, with a corresponding
cost-benefit ratio of 1:27 and 1:6, respectively. The methods studied for seeding effects evaluation and results
help to strengthen the exploitation and utilization of cloud water resource in a scientific and technological
sense in Beijing and its neighboring regions, which firmly supports the approval of local disaster prevention
and mitigation projects as well. (Li Hongyu)

3.3 Research on and application of a method to evaluate the effectiveness of convective cloud
precipitation enhancement

The reliability of convective cloud-seeding effectiveness evaluation is poor when a traditional statistical
test method is used because of its large spatial and temporal variation. The floating-target area method, a new
one proposed by Woodley, is introduced, which is based on radar echoes. Some changes are made to this
scheme taking into account Tianjin’s terrain and weather modification operation characteristics. The radar
based data are used to determine the floating target cell recognition and tracking methods, then determine
the catalytic units and control units in the floating target cells; the physical parameters and the retrieved
precipitation of each unit are recorded, and the precipitation enhancement effect is calculated to provide
physical evidence on artificial rainfall. The method is used to evaluate the effectiveness of convective cloud-
seeding on 24 July 2011 in Tianjin, for example, and the objective evaluation results are obtained, which show
that: the value of the maximum echo intensity and echo top height increased as the catalyst got into the clouds.
It proves that artificial catalysis takes effect in precipitation enhancement. The effectiveness of precipitation
enhancement is 7.69% at a significance of 0.043. (Li Hongyu)

4 Progress in weather modification

4.1 National Weather Modification Development Plan (2014—2020)
In December 2014, National Weather Modification Development Plan (2014-2020), formulated by CMA
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Weather Modification Centre, was jointly issued by NDRC (National Development and Reform Commission)
and CMA (China Meteorological Administration). The plan identifies the guidelines, goals, overall layout, main
tasks and implementation arrangements of the nationwide weather modification prorgam, and also proposes
an organization, management and operation mechanism for weather modification work. The plan serves as
a program of action for nationwide weather modification at present and in the near future, and is of guiding
significance to weather modification modernization and its scientific development. From October to November
of 2014, National Weather Modification Operations Development Guidance, Weather Modification Dedicated
Technology and Equipment Management Regulations were formally issued by CMA, marking that China’s
weather modification operations and equipment are managed by standards. (Chen Tianyu, Zhou Yuquan, Fang
Wen)

4.2 Northeast Regional Weather Modification Capability Building project

The year 2014 showed signs of benefits in the project of Northeast Regional Weather Modification
Capability Building. Within one year, primary design revision and approval were completed; the first Xinzhou
60 artificial rainfall aircraft finished its test flight and made its debut in the 10th China International Aviation
& Aerospace Exhibition; the third high performance artificial rainfall aircraft was completed in overall
design, with 11 sets of airborne equipment having been selected; regional aircraft operation support center
started its construction; main features of control system were deployed in the four northeastern provinces;
the procurement was finished for high performance operation of aircraft satellite communications system,
including 79 GPS/MET devices, 3 X-band Doppler weather radars, GPS/MET data processing center software
system and all the devices for external field test areas; training classes were held for weather modification
frontier technology & aircraft operations. The initial fruit of the project has played an important role in drought
relief and rainfall enhancement efforts in the Northeast China region. (Li Jiming, Chen Weihong)

4.3 The Collection and Processing System of Weather Modification Operation Information OICPS
V1.0 being in operational use

Based on years of professional work, the OICPS V1.0, part of Weather Modification Centre (WMC)
Operational Control System project, was accepted by experts on 21th May. The OICPS V1.0 is the second
operationally accepted system following the weather modification forecast model system. The OICPS V1.0
composes two parts, a real-time upload system and information acquisition & processing system. Relying
on the national meteorological network, it makes it possible for the national weather modification operating
information to be uploaded, collected, monitored, stored, displayed and managed. A variety of basic data,
including information on stations, operations, practitioners and ammunitions, are integrated to offer timely and
reliable information for effectiveness analysis and evaluation, joint guidance to an operation and production of
decision services. Since the system’s running, the uploading of operation data has been effectively improved,
the strength of WMC capability in guidance and service has been enhanced as a strong support to all other
operators in control and evaluation. (Wang Fei, Yang Lianying, Li Kangkang)

4.4 Geostationary satellite-based retrieval system for cloud precipitation characteristics in weather
modification (CPPS-GSSL 2.0) was put into operation

With many years of efforts, Weather Modification Centre of CMA developed the geostationary satellite-
based cloud characteristics retrieval system (CPPS-GSSL 2.0), which was accepted in a technical review
organized by the Department of Disaster Alleviation, CMA. The conclusion has been published and notified:
the retrieved products are open to operational use.

The retrieval system (CPPS-GSSL 2.0) is based on FY-2 series geostationary meteorological-satellite and
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L-band sounding data and their real-time retrieved cloud characteristics related products such as Tbb, cloud
top height, cloud top temperature, supercooled layer thickness, cloud optics thickness, cloud particle effective
radius and liquid water path. By comparing with MODIS retrieval parameters along with a physical analysis
of CloudSat cloud-radar, weather radar, raindrop size distribution and ground precipitation data, the accuracy
and the usability of the system have been examined. The retrieval products have been used smoothly in all
the provinces throughout China as a technical support to multi-regional cloud seeding, forest-grassland fire
extinguishing and rain suppression for important social activities. (Cai Miao, Zhou Yuquan)

4.5 The successful weather modification for opening and closing ceremonies of the 2014 Second
Summer Youth Olympic Games

On August 16 and 28, 2014, the opening and closing ceremonies of the Second Summer Youth
Olympic Games were held in Nanjing Olympic Sports Center. In order to ensure the smooth ceremonies, the
organizing committee raised the need to carry out cloud seeding tests and services. Meteorological Bureau
of Jiangsu Province invited the Weather Modification Centre of the CMA (WMCMA) to guide the relevant
tests and services for the whole operations, with rainfall obviously suppressed. In the opening ceremony, the
precipitation at the stadium is about 2 mm, while the average precipitation around it is 5 mm. The numbers in
the closing ceremony are 0.2 mm and 0.68 mm. The operations ensured the success of the ceremonies. The
preliminary summary of the key technical work mainly includes:

(1) Based on the analysis of the characteristics of the cloud precipitation and the weather in Nanjing
in August, the WMCMA put forward and guided the technical scheme for the weather modification for the
ceremonies, including the intensive monitoring, the communication command, the layout design of operations,
implementation organization and so on.

(2) Thanks to the numerical prediction model for the weather modification operation conditions the
WMCMA developed, the catalytic principle and scheme were given 24 h in advance. Combined with the
weather forecast and the monitoring of the actual situation, a real-time interaction between the WMCMA and
Youth Olympic Command Center was maintained for the discussion on and the revision of the scheme and the
estimation of the result.

(3) The Cloud and Precipitation Precision Analysis System (CPAS) developed by the WMCMA was
transplanted to establish a command system of rain decreasing operation for the Youth Olympics. The real-
time precision analysis of the macro and micro structures of the cloud and the evolution of the precipitation,
recognition and discrimination of the operating conditions, the rolling correction of the optimal design for the
operation, the real-time command of the multi-catalytic (plane and rocket) by satellite, radar, sounding and
many other special instruments were realized.

(4) Thanks to the transplanted CPAS platform and operation command system, planes were used to do the
periphery reconnaissance for the pre-operation and for the highly dense rocket based catalytic operation in the
adjacent zones. The clouds that were moving towards the venue were successfully weakened, which proved the
technical principle and the design before the operation, with expected effects being observed (Fig. 1). ( Zhou
Yuquan, Liu Siyao, Pu Meijuan, Hu Zhijin )

4.6 National weather modification (WM) operational platform plays an important role in WM
guidance and service

National weather modification (WM) operational platform was developed by Weather Modification Center
(WMC) in 2014. The platform mainly includes 4 parts. First part is to transfer, collect, store and manage
information for real time use, such as meteorological observation data, WM special observation data, WM
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seeding data and ground operation data, based on which a database of case studies is developed. Second part
is to process, verify and test products. By synthesizing various data, WM characteristic cloud and precipitation
variables are produced to be used to forecast and warn seeding potential conditions. Third part is WM operational
guidance and service, including forecasting seeding potential conditions, early warning, designing field seeding
scheme, monitoring and commanding, and seeding effect evaluation and so on. The last part is to share various
WM products by website to be used by relevant professionals.

The operational platform plays an important role in real time weather modification service. For example,
a video consultation was held together by CMA-WMC, Northeast Regional-WMC, Heilongjiang Weather
Modification Office, Jilin Weather Modification Office, Liaoning Weather Modification Office and Inner
Mongolia Weather Modification Office in April 2014. In this consultation, the structure of cloud system
and distribution of cloud band, supercooled water and ice particles in the northeast of China were analyzed.
The seeding time, area, and height of rain enhancement were also discussed. The Northeast Regional-WMC
arranged the inter-provincial joint operation according to rain enhancement demand. All of these marked the
beginning of the operation model which features joint actions through a level-based guidance. As a result,
weather modification is improved in science and in benefit (Fig. 2). (Zhou Yuquan, Shi Yueqin, Sun Jing, Cai
Miao, Liu Weiguo, Tao Yue, Wang Fei )

4.7 Optimizing the evaluations of air cloud-water resources

As a result of continuous research and experiment during 2011-2014, Weather Modification Centre of
CMA developed and improved the monitoring evaluation method for cloud water resources (CWR-MEM).
The method is based on the atmospheric water vapor budgeting equation, clarifying the concept of atmospheric
water substance including hydrometeor. It improved the calculation equation and concept of water substance
mass, precipitation effectiveness and update period etc. It proposed such new concepts as cloud water
resources, aggregation of cloud water resources and effective cloud water quantities.

In 2014, Weather Modification Centre of CMA organized the technical forces to optimize the evaluation
methods of diagnosis and identification of three-dimensional water and cloud field, temporal-spatial scales
and the processing of complex area boundaries. China was divided into five areas by longitude and latitude
and by climate. 20072008 CloudSat’s observation data were used to count the relative humidity threshold,
typical liquid water content values and their vertical distribution of each diagnosed cloud field. The height
coordinate was changed into temperature coordinate, which made the cloud field concept more accurate,
sharply optimizing the diagnosis scheme of three-dimensional cloud and water field in each area. To evaluate
the cloud water resources, it is desirable to take six weather modification areas into consideration, before
subdividing each area into six sub-areas, the borderline of which is made a loop curve with the resolution at
1°. This improves the calculation of condensation and evaporation values, including the integral resolution and
accuracy.

The 2014’s cloud water resources monitoring report was prepared using the optimized CWR-MEM
scheme with which the cloud water resources in six weather modification areas throughout China from
2008 to 2011 were evaluated. The results are as follows, from 2008 to 2010, the gross quantity of vapor in
China was averaged around 36900 billion tons of which 33100 billion tons was input from the boundaries
while evaporation was averaged around 3750 billion tons. The gross quantities of hydrometeor (GQh) were
averaged at 7150 billion tons. The total precipitation volumes were averaged at approx. 5020 billion tons.
Gross cloud water resources were averaged at 2130 billion tons whilst cloud water resources at 1230 billion
tons. Annual water vapor precipitation effectiveness was averaged at around 14% while effectiveness of the
hydrometeor precipitation was 70%. The update period for the vapor was averagely about 10 days and 7 hours
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for the hydrometeor. It can be concluded that the cloud water resources differ distinctly in temporal-spatial
distribution. (Zhou Yuquan, Cai Miao)

4.8 Evaluation techniques and methods for cloud seeding effect

Based on the detailed analysis of the information from weather modification operations in the whole
country, the specific rain enhancement requirements in different regions are revealed. Four kinds of methods
have been developed and integrated to evaluate the effect of nonrandomized rain enhancement operation, and
the relevant testing algorithms of the significance level have been researched and developed as well. These
algorithms have been applied in Jiangxi, Yunnan, Hainan, Chongqing and Anhui provinces. The Doppler radar
identification, tracing and testing algorithms have been developed based on TITAN techniques and the physical
evaluation methods based on regular radar data, which have been applied in the piloted provinces. Typical
cloud seeding examples in 2013 in the piloted provinces have been analyzed and tested, and the evaluated
effects as well as the statistical significance levels have been released. The regional correlation analysis has
been made based on the historical rainfall data in the piloted provinces, which is useful for the theoretical
accumulation in the field of rain enhancement operation and effect evaluation. According to the analysis of the
synoptic systems and historical operations in the piloted provinces, as well as the regional correlation analysis,
a designed mapping of the target areas and control areas for the cloud seeding in these provinces has been
proposed. The summary report 2014 of rain enhancement effect evaluation in China has been prepared. ( Yao
Zhanyu )

4.9 The development of efficient seeding agents for warm and cold cloud, and testing, assessment
and trial of new devices

The Weather Modification Center (WMC) of CMA developed three types, WMC-IN-001, WMC-IN-002
and WMC-CN-001, of cloud seeding flare agents, tested their nucleation rate in cloud chamber, and compared
them with those flare agents used in recent rain-enhancement operation. The result shows that the nucleation
rates of WMC-IN-001 and WMC-IN-002, which are for cold cloud seeding, are higher by one order of
magnitude at least than those used in operation. Under different wind speeds, the particle spectrum of WMC-
CN-001, which is hygroscopic type seeding agent, is tested in a wind tunnel. The result shows that the number
concentration of particles whose diameter is more than 2 m is up to 10'. The above three cloud seeding agents
have been recognized by the Department of Science & Technology and Climate Change of CMA.

WMC carried out the trial use of hygroscopic flare for warm cloud in Fujian, Anhui and Hebei provinces,
for ground smoke stove in Fujian and Anhui provinces, and for airborne flare in Hebei Province. Working
jointly with Shanghai Material Management Division of CMA, WMC tested the nucleation rates of airborne-
and ground-flare, and flare bomb. A review of product design and operation oriented trial plan for “the
remote control system for DF37 mm anti-aircraft guns” produced by Suizhou Dafang Precision Mechanical
Engineering Co. Ltd. and “HY-1 type airborne flame strip seeding system” produced by China cloud company
was organized. (Fang Wen, Dang Juan, Fang Chungang, Su Zhengjun, Wang Xiaobin, Liu Xijing)
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Fig. 1 Inversion maps of Landsat8 surface parameters (a: NDVI; b: LAI; c: LST)
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Research Progress in Ecology and Agrometeorology

1 Ecological and agrometeorological theories and application techniques

1.1 A study on data fusion model for high temporal and spatial resolution remote sensing data

The Spatial and Temporal Adaptive Reflectance Fusion Model (STARFM) was used to blend Landsat and
MODIS surface reflectance based on their spectral similarities and spatio-temporal differences. An operational
data fusion framework was built by integrating STARFM (referred to as ISTARFM hereinafter). Compared
with STARFM, several improvements have been incorporated in the ISTARFM. These include: (1) viewing
angular correction on the MODIS daily bidirectional reflectance to get daily NBAR (Nadir BRDF (Bidirectional
Reflectance Distribution Function) - Adjusted Reflectance), and filling gap values in BRDF products with
BRDF lookup table obtained from MODIS International Geosphere-Biosphere (IGBP) land cover and MODIS
BRDF products, (2) precise and automated co-registration on MODIS and Landsat paired images by looking
for maximum correlation coefficient with the moving-window technique. The ISTARFM provides a feasible
and cost-effective way to build dense time-series surface reflectance at Landsat spatial resolution, which can
serve as regional drought monitoring for winter wheat precisely at high spatial and temporal resolutions with
remote sensing images. (Wang Peijuan)

1.2 Landsat surface parameters inversion and spatial down-scaling

Digital number (DN) was converted to surface reflectance based on LEDAPS (Landsat Ecosystem
Disturbance Adaptive System) model for Landsat8. And then several surface parameters were inverted using
surface reflectance at their own spatial resolution, which include normalized difference vegetation index
(NDVI) at 30 m resolution, leaf area index (LAI) at 30 m resolution, and land surface temperature (LST) at
100 m resolution. A Temperature-Reflectance (T-R) model was developed with LST and down-scaled surface
reflectance at 100 m resolution. Therefore, LST can be down-scaled spatially based on T-R model and surface
reflectance at 30 m resolution to get LST at 30 m resolution (Fig. 1). (Wang Peijuan)

1.3 Research on and development of fine daily multi-layer soil moisture and irrigation forecasting
system for winter wheat

Based on data sets of soil moisture, soil texture, evapotranspiration, water deficit indices of remote sensing
and so on, the fusion technologies of soil moisture observation data by manual, automatic and remote sensing
were studied with the methods of pixel matching, error analysis, neural network and others. Using daily
total radiation and sunshine time data in 103 stations from 1961 to 2010 in China, the spatial and temporal
distribution of the a coefficients and b coefficients were analyzed and the a coefficients and b coefficients
for each age (ten years) in every region of China were given. Based on earlier stage research on the
simplified models of water balance and daily multi-layer soil moisture and irrigation forecast models
for winter wheat, three provincial forecasting systems (probation) were established, and tried in main
winter wheat growth period in 2014. The operational application platform based on six modules of data
management, data processing, soil moisture forecasting, irrigation quantity forecasting, product making
and results testing was developed and tried in Hebei Province preliminarily. Three service products were
issued. (Mao Fei)
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1.4 Study on responses of summer maize ecophysiological and growth characteristics to drought
process

During the manipulation experiment of summer maize drought occurrence and development, light drought
occurred after 15 days of water control, and moderate drought happened one month later, extreme drought
appeared two months later. The midday depression phenomenon of leaf photosynthesis occurred during the
jointing stage under the conditions of light drought. The photosynthetic rate, transpiration rate, stomatal
conductance and water use efficiency of the first maize leaf were sensitive to drought, implying they were able
to be indicative indices. The photosynthetic rate, transpiration rate and stomatal conductance of maize leaves
during growing season decreased significantly with the decrease of soil relative moisture. The difference of all
these parameters between water treatments declined with the development of consecutive drought. The water
use efficiency showed a rising trend and its difference between water treatments was small at earlier stage, but
enlarged at later stage with the aggravation of consecutive drought. The leaf water content decreased linearly
with the drought occurrence and development during growing season and it was significantly correlated with
soil relative moisture, implying that the leaf water content is able to be an index of crop drought. The limiting
factor of maize photosynthesis was a conversion process from stomatal limitation to non-stomatal limitation
during growing season. The occurrence time of the conversion process was in correspondence with drought
intensity and duration. The leaf SPAD value was not as sensitive as the photosynthetic rate to drought, which
reflected its hysteretic nature. Electron transfer rate, photochemical quenching coefficient and photochemical
efficiency decreased significantly from filling stage to milk stage. The summer maize stem water content
reached the maximum at jointing stage (about 93%) and it was not as sensitive as leaf water content to drought.
The leaf area index reached the maximum at tasseling stage for the treatment under higher soil relative
moisture, while for the treatment under lower soil relative moisture it reached the maximum at filling stage.
The specific leaf area declined rapidly in the early stage, while it showed a stable trend. The specific leaf
weight showed an opposite trend, and it was significantly higher in the late stage than in the early stage. The
summer maize aboveground biomass was sensitive to soil water content, and it decreased with the decrease
of soil relative moisture at all stages. The reduction caused by drought at jointing and tasseling stages was
obvious. The average daily increase of summer maize aboveground biomass was between 1.15 g to 1.74 g, and
the increase rate declined with the decrease of soil relative moisture (Fig. 2). (Zhou Guangsheng)

2 Agrometeorological disaster prevention and mitigation

2.1 Agricultural drought warning based on TIGGE and distributed hydrological model

In this study, three global ensemble weather prediction systems from the China Meteorological
Administration (CMA), the European Centre for Medium-Range Weather Forecasts (ECMWF), and the US
National Centers for Environmental Prediction (NCEP) in THORPEX (The Observing System Research and
Predictability Experiment) Interactive Grand Global Ensemble (TIGGE) archive were used. A new distributed
hydrological model XXT was built based on TIGEE dynamical downscaling through NOAH LSM, neural
network ANN, TOPMODEL and Xin’anjiang hydrological models. It was based on the soil moisture storage
capacity distribution curve (SMSCC), some essential modules of the Xin’anjiang model, together with the
simple model framework of the TOPMODEL (a topography based hydrological model). The innovation of
XXT was that the water table was incorporated into SMSCC to connect the surface runoff production with base
flow production. This improved the description of the dynamically varying saturated areas that produced runoff
and also captured the physical underground water level. XXT was tested and found to have better performance
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against the TOPMODEL and the Xin’anjiang model. However, due to the fact that XXT model was based
on physical processes, the prediction accuracy was still poorer than the classical statistical model which was
based on artificial intelligence techniques (such as neural networks, support vector machines, etc.). In order to
improve its simulation accuracy, we firstly embedded neural network module in the runoff program of XXT
model, which was significantly different from the conventional method. Because the traditional method was
that the neural network module was integrated into the scheme of hydrological model with physical processes.
(Zhao Junfang)

2.2 Development of the agro-drought prediction model for the winter wheat in North China Plain

Variation of the physiological parameters of the winter wheat under drought conditions, including
photosynthesis rate of the winter wheat leaves etc., was measured with Li-6400 portable photosynthesis
analyzers in the National Key Laboratory of Shandong Agricultural University. Green fluorescence parameters
of the leaves were also determined with FMS-II pulse modulated fluorescence detector. The results indicat that
¢PSII deceased obviously with the evolution of the drought in the field, which means that the real quantum
efficiency of PSII would be seriously effected under severe drought conditions. Variations of the Fv/Fm
and Fv/FO agreed quite well with that of the ¢PSII. All of the parameters would decrease steadily with the
development of the drought, or fluctuate like a wave of deceasing-increasing-decreasing. These variations
indicat that the crop can somewhat regulate itself to adapt to the consecutive drought conditions. However,
the adaptability changes with varieties. Based on these achievements mentioned above, the researchers have
successfully improved some of the related modules in the agro-drought prediction model. An agro-drought
prediction model was also established by using the hybrid programming technology of C* and Fortran, with
comprehensive prediction accuracy as high as 85%. The model is quite suitable for agro-drought prediction in
Shandong, Hebei and Henan provinces in North China Plain. (Liu Jiandong)

2.3 Spatial and temporal distribution characteristics of longan caused by chilling injury in South
China

According to the meteorological service standards “Grade of Chilling Injury to Dimocarpus Longan
Trees” (QX/T168-2012), the main influencing factors of chilling injury in longan production were selected, and
the chilling injury indexes (Hi) of longan in the 64 stations in four provinces of South China from 1961 to 2012
were calculated. The occurrence frequencies of each level of chilling injury were determined. Based on the
empirical orthogonal function (EOF), the matrix of longan chilling injury indexes of 52 years, and the matrix
of chilling injury indexes in main months (November-March) were analyzed, while the first time components
of the above matrix were extracted. The results show that under climate warming, the average accumulated
harmful temperature (<5 °C ) presented a significant decreasing trend along with decadal time in South China, and it
was helpful to reduce disaster of chilling injury. Changes in temporal characteristics of chilling injury indicated
the highest frequency was found in January and February, reflecting the main distribution features of chilling
injury. These two months were the most important period of chilling injury occurring in a year. November—
December and March were not the main period for chilling injury, with a relatively low frequency. But in
some years, it might still experience severe chilling injury. Spatial distributions of chilling injury presented
obvious latitudinal distribution. The occurrence frequency of chilling injury increased from south to north and
from coast to inland areas, which was related to geographic location. A comparative analysis of the historical
records indicated that the spatial and temporal distributions of chilling injury could reflect the main actual
characteristics of historical record. The frequency of chilling injury from 1981 to 2010 in the eastern coastal
Fujian was high (0.42-0.43), with the risk probability standing at 0.10-0.16. (Zhao Junfang)
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2.4 The evaluation indicators of agricultural and rice flooding level

For the demand of agricultural and rice flood monitoring and early warning in Southwest China, the single
station flood indicators, provincial flood indicators year by year and provincial flood indicators year by year
in each station have been developed based on daily precipitation data, agricultural flood disaster information
and the rice yield by county from 341 weather stations in southwest agricultural areas from 1961 to 2010. In
the progress of building the indicators, flood indicators of Chongqing as the prototype, through increasing
and decreasing precipitation threshold by the amplitude which was -50~+50 mm and step size was 1 mm,
101 groups of flood indicators were obtained in each province. Agricultural flood level indicators of each
province were constructed which used grey correlation method to determine weights of different levels of flood
impact on actual situation, comprehensive consideration of correlation between flood intensity calculated by
101 indicators and crop flood real seriousness, coincidence between indicators and historical flood records
and comparability of indicators of each province. Rice flood level indicators were constructed based on yield
reduction rate of each county and flood index, days of flood disaster process and process rainfall. According to
the flood level indicators, temporal-spatial distribution features of flood disaster in southwest agricultural areas
were revealed. The ages in which flood disaster appears very serious are 1980s in Yunnan, 1990s in Guizhou
and 1980s and 2000s in Sichuan and Chongqing in recent 50 years. The areas in which flood frequently
occurred are located in southwest and southeast of Yunnan, southwest of Guizhou and west and northeast of
Sichuan basin in recent 50 years. Regions of high value flood dangerous index of single-season rice are mainly
located in northern and central Sichuan, south of Yunnan and southwest of Guizhou (Fig. 3). (Huo Zhiguo)

2.5 The climate background indicator of major pests diseases occurrence and long-term prediction,
dynamic early warning model optimization

For operational application needs of major pests diseases (powdery mildew, planthoppers) occurrence
weather conditions monitoring, early warning and assessment, data on the national occurrence area and degree
of rice planthopper and wheat powdery mildew from 1971 to 2010, 74 kinds of atmospheric circulation
characteristics from 1970 to 2010, and North Pacific SST data from 1969 to 2010 were reveiwed. Atmospheric
circulation and North Pacific SST data level indicators of rice planthopper and wheat powdery mildew
occurrence area level were also used including factor puffing, topological analysis, optimization process,
and factor independence test. After the test, indication factor method showed a better result for the powdery
mildew of occurrence epidemic level. The whole nation rice planthopper occurrence degree model, the rice
planthopper occurrence rate of atmospheric circulation model and North Pacific SST model were established,
the accuracy of which are 97.5%, 82.5%, 82.5% and 80%, respectively. Early dynamic warning models were
developed based on fisher discriminant analysis of rice planthopper occurrence degree in Guangxi Guilin and
wheat powdery mildew in Hebei. The level evaluation accuracy of rice planthopper model in Guilin is 84.6%,
while the prediction accuracy is 88.2%. The level evaluation accuracy of wheat powdery mildew model in
Hebei achieves 97.8%, while the prediction accuracy is 95.0%. (Huo Zhiguo)

2.6 Low temperature disaster temporal/spatial distribution characteristics of double cropping rice in
southern China and its risk analysis

For cold damage in early rice seeding transplanting period and cold dew wind damage of late rice in
heading flowering stage in double cropping rice areas in southern China, the risk index of cold temperature
damage was established which was based on the community standard and the data of daily average temperature
from 169 weather stations during 1981-2010. It revealed the characteristics of geographical distribution of
the occurrence probability and integrated risk index for double cropping rice from different low temperature
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disasters by level. In recent 30 years, the cold damage of early rice in southern China, the frequency of light,
moderate and severe occurrence of late rice cold dew wind (japonica rice and indica rice), and the number of
total occurrences showed a decreasing trend. But some regions showed an increasing trend. According to the
disasters showing an increasing trend in terms of coverage, they are japonica cold dew wind, cold rice disasters
and indica cold dew wind. High value areas of moderate to severe disaster risk: Cold damage of early rice
mainly in parts of Hunan, Jiangxi and Fujian provinces, moderate probability of 20% to 40%, severe below
10%. Japonica rice cold dew wind is mainly located in the middle of Yunna, Shaanxi planting area, western
Sichuan and Chengdu, and in northeastern of Sichuan growing areas, where the moderate probability of
occurrence is 20% to 30%, and the severe probability of occurrence is 20% to 45%. Indica rice cold dew wind
is located in parts of Yunnan, Hunan, Anhui, Shaanxi and Sichuan, where the moderate of occurrence is 20% to
40%, and the severe probability of occurrence is 50% to 95% (Fig. 4). (Huo Zhiguo)

2.7 Risk assessment of litchi chilling injury in South China

The risk evaluation index system of litchi chilling injury was firstly constructed, which included risk of
disasters, exposure and vulnerability of litchi in South China. The risk of the disaster factor and its environment
was determined by the intensity of disaster multiplied by the frequency of its occurrence in a month or year.
Chilling intensity was the integrative chilling damage index constructed by maximum temperature drop,
extreme minimum temperature, persisting days of low temperature and harmful chilling accumulation in
which the minimum temperature stays below 5 °C. Chilling intensity was classified as severe, heavy, moderate,
mild and no chilling injury. The vulnerability was determined by the grades of litchi yield decrease multiplied
by its occurrence frequency. The grade was divided into 4 levels. Exposure was determined by the ratio of
litchi harvest area to cultivated land area. The monthly or annual risk assessment model of litchi chilling
in South China was then constructed by using natural disaster risk index method which was risk multiplied
by vulnerability and exposure. Based on this model, the monthly or annual chilling injury risk zoning was
carried out in Guangdong and Hainan provinces. The results show that moderate risks of litchi chilling injury
have begun in November and gradually developed into higher risk from December, January to February
in Guangdong Province, in which the high risk area of litchi is in Guangning, Gaoyao to Taishan regions.
Moreover, annual chilling risk area is greater than that for monthly one. Monthly chilling risk grade is in
moderate and below but the annual is rather high in Hainan Province (Fig. 5). (Ma Yuping)

2.8 Study on the stereo monitoring of and the dynamic assessment technology for major
agrometeorological disasters

The findings about the dry-hot wind for winter wheat in Huanghuaihai areas, low-temperature damage
for double cropping rice in southern China and the agricultural drought in Southwest China have been
summarized as follows. Indicators for stereo monitoring were improved. Vegetation indexes were developed
to monitor the large-scale dry-hot wind disastrous to wheat. The model based on the hazard index of dry-hot
wind was constructed to assess the wheat loss due to dry-hot wind. For low-temperature damage to rice, loss
was assessed at site and regional scale based on ORYZA2000 and empirical models. The assessment at site
scale followed the rice growth process. Once the impact of low temperature was monitored, the quantitative
evaluation results would be made in time. At regional assessment, remote sensing inversion was used as input
data to ORYZA2000 or empirical model to calculate and modify the results. And taking MODIS data coupled
with model as example, the methods were investigated for evaluating the impact of low temperature on
delaying rice growth. For crop drought, yield loss was assessed based on drought accumulation index (DI) and
WOFOST model. The operational platforms of monitoring and evaluation of dry-hot wind in Huanghuaihai

a»



AN, BEERSHIR
w Scientific Achievements and Advances

areas and drought disasters in Southwest China at the provincial level have been established. (Zhao Yanxia)
2.9 Study on high temperature stress at grain filling stage of winter wheat in North China

High temperature stress at the mid to late grain filling stage of winter wheat reduced the grain filling
rate and shortened the grain filling duration, resulting in a significant reduction of grain yield. After taking
into account the other influencing factors, a significant negative linear relationship was found between the
grain weight and the midday canopy air temperature in this period. This study suggest that the extent of the
high temperature stress effects on winter wheat grain yield depends on both the strength and duration of the
stress, which can be represented by the effective accumulated heat (summation of the hour’s temperature
differences above a threshold value during the mid to late grain filling stage of winter wheat). There were
significant negative linear relationships between the normalized grain weight of winter wheat and the effective
accumulated heat above 30 °C during the mid to late grain filling stage (P < 0.05). This proved that the high
temperature stress index is a useful parameter for quantitative evaluation of the impacts of high temperature at
the grain filling stage on winter wheat yield. (Tan Kaiyan)

2.10 Risk identification techniques for cold and heat damage to double-season early rice (DSER) in
the middle and lower reaches of Yangtze River

Based on daily meteorological data of 48 meteorological stations during 1961-2012 in the middle and lower
reaches of Yangtze River (MLRYR), spatial and temporal distribution of early cold damage, late cold damage
and late heat damage of early rice was analyzed using such methods as statistical analysis, Mann-Kendall
and wavelet analysis. Results show that over the past 52 years, average temperature increased significantly
(>0.5 °C/10a) during early rice growing season in MLRYR. Both the early and late cold damage showed a
downtrend from 2000. There was a short cycle of cold damage of two to four years in early period and two to
four, four to six years in late period. Late heat damage showed a significant increase trend from 2000 with no
obvious periodicity. High risk area of early cold damage was consistent with spatial distribution of mountain
terrain while that of late cold damage was consistent with distribution of water system. Cold damage weakened
and heat damage increased in MLRYR under global warming. (Wang Chunyi)

2.11 Risk assessment of main meteorological disasters to maize in Northeast China

The meteorological data from 1961 to 2010, maize growth data from 1981 to 2010, production data from
1961 to 2010 in 35 agro-meteorological stations, disaster record for the latest 50 years in three provinces
of Northeast China, and social and economic statistics for the latest 10 years in the counties of these three
provinces were employed in this study. The drought and chilling injury at two stages of the maize including
emergence-tasseling and tasseling-mature were studied, and the risk of the drought and cold injury to corn
in Northeast China was evaluated. The creation of index systems of drought and cold injury was based
on water deficit index and heat index. The indices of drought and chilling injury risk assessment model
of the maize included hazard, vulnerability, exposure, and emergency response and recovery. Hazard and
emergency response and recovery were the two most important factors in the model. For the whole growth
and development period of the maize, the high values of risk index were in the southwest and northeast of
Heilongjiang Province and west of Liaoning Province, standing above 0.8. The moderate values were found in
the northwest and southeast of Jilin Province and the northeast of Liaoning Province, standing between 0.6 and
0.7. The low values were in the central south of Liaoning Province and Liaodong Peninsula, standing around 0.3.
(Wang Chuny1i)
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3 Response of agriculture to climate change

3.1 Vulnerability and evaluation index of main crops under global change

The research results indicate that the impact of climate warming on growth periods and critical growth
stages of spring wheat was the primary reason for vulnerability of spring wheat yield under the background of
climate change. Increased temperature during the growing season accelerated the phonological development,
including internode elongation, heading, anthesis and stage of grain ripening, resulted in a shorter growth
period. The application of adaptation strategies, such as adjusting the sowing dates, introducing new cultivars
and changing the tillage practices, likely compensated some effects of shorter growth period on wheat yield.
A correlation analysis reveales that the increase in temperature during the growing season was responsible by
23% to 68%, with an average of 40.3% for the shortening growth period and altered farming practices based
on phonological events, in spite of regional differences in increased temperature trend and in application of
adaptation strategies. The trend analyses reveal that rising temperature has shortened the growth period by 6 to
7 days per 1 °C , resulting in the decrease in spring wheat yield of averagely 522 kg ha™. In addition, the fact
should be recognized that the adaptive strategies continue to be performed along with the changing climate
since the changes in growth period and phenology of spring wheat up to now both result from climate change
and human adaptive activities. ( E Youhao)

3.2 Response of maize production to climate change and its adaptation in Northeast China

The growth period of spring maize was further subdivided into four stages: germination to emergence,
emergence to jointing, jointing to tasseling, and tasseling to maturity. The average resource suitability index
(1), average efficacy suitability index (/), and average resource utilization index (K) were used as indicators
of agricultural climatic resource suitability and utilization for maize production. The utilization dynamics of
agricultural climatic resource during spring maize cultivation from 1961 to 2010 in Northeast China were
analyzed. The key climatic factors limiting the spring maize growth were identified from three time scales of
interannual, potential growth season and crop growing period. The variations of key growth stages of spring
maize in Northeast China over the past 30 years were analyzed. The regression models on the growing period
of maize in response to climate change were also established. The response of growing period of maize to
climate change at different time scales was investigated. Compared with the methods of moving average
and harmonic average, logistic regression optimally decoupled the climate induced yield of spring maize.
The contribution of climate change to spring maize yield over the past three decades in Northeast China was
decoupled. The key meteorological factors limiting the climate-induced yield were determined. Finally, the
models between climatic variables and climate-induced yield of spring maize in Northeast China were also
established to reflect geographical differences. (Zhao Junfang)

3.3 Study on the impact of extreme temperature and CO, enrichment on crop water demand

The control experiments in open top chambers (OTC), side half closed chambers and field were
performed to investigate the effects of elevated atmospheric carbon dioxide concentration [CO,] and increase
in temperature on winter wheat water requirement. The results show that, compared to the field, in open top
chambers the air temperature increased by mean daily temperature of 3.1 °C and [CO,] elevated to 760x10™,
the whole growing period was shortened by 17 days (7%), and the average daily water requirement increased
by 0.7 mm. Consequently, the water requirement increased by 123.5 mm (25.3%) during the growth period.
While in side half closed chambers in which using the ambient [CO,], the air temperature increased by mean
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daily temperature of 0.7 °C , the whole growing period was shortened by 7 days and the average daily water
requirement increased by 0.65 mm. So, the water requirement increased by 138.8 mm (28.7%) during the
growth period, indicating the approximately equivalent water requirement both in open top chambers and in
side half closed chambers. There would be two reasons to explain these results. For one thing, in OTC, the air
exchange with outside is less than that in side half closed chambers, leading to less evapotranspiration though
significantly warmer in OTC than in side half closed chambers. For another, the elevated [CO,] may decrease
the evapotranspiration by raising water use efficiency as mentioned in literatures. However, we have not
separated the positive effect by elevated [CO,] on evapotranspiration from increased air temperature, due to the
compounded effects of both elevated [CO,] and increased air temperature. Further experiments still need to be
made to separate the impacts of elevated [CO,] and increased air temperature. (E Youhao)

3.4 Experimental study on the impacts of extreme temperature and CO, enrichment on crop yield in
North China

The heated treatments of winter wheat showed higher values of panicles per square meter, and no
significant difference in the 1000 grain weight, which had significantly increased the yield compared to CK
in the colder year (2011). The warm year (2012) showed higher values of panicles per square meter and
grain number in each panicle, while the 1000 grain weight is significantly reduced compared with CK, but
the heated treatments did not lead to yield reduction. Warming and CO, enrichment could hardly show any
difference with CK, and no fertilizer effects of CO, were shown in this experiment. The warmed treatment of
maize had the potential to reduce the yield compared with CK, which maybe come from the negative effect of
extreme temperature in summer. But warming and CO, enrichment could set off the negative effect of extreme
temperature, which increased the yield in 2012 (Fig. 6). (Fang Shibo)

3.5 Response of growth stages of spring maize to climate change in Northeast China over the past
30 years

Based on the observation data of spring maize from 55 agricultural meteorological stations, and daily
meteorological data of 16 meteorological stations in Northeast China, the variations of key growth stages
of spring maize in Northeast China over the past 30 years were analyzed, using such methods as trend rate,
spearman correlation analysis, principal component analysis and structural equation modeling. Finally, the
responses of growth period of spring maize to meteorological factors over the past 30 years were further
analyzed at different time scales. The results show that the spring maize’s critical growth stages in Northeast
China over the past 30 years were postponed. The number of days decreased during the early maize growth
period (from sowing to tasselling), while both days during the late maize growth period (from tasselling to
maturation) and days of whole growth period increased. In most years, the sowing date of spring maize was
later than suitable planting date, and the maturating date was earlier than the first frost date. Temperature was
the most notable meteorological factor responsible for the altered spring maize growth period during the past
30 years. A principal component analysis showed that the increased temperature at the inter-annual timescale,
the prolonged temperature growth period and the high temperature in the crop growth period were more
notable than other meteorological factors. While, in the structural equation modeling, the effects of temperature
on days of growth period partly were indirect, and significant meteorological factors could explain 44% of
variation in growth period’s days. Changes in the growth stages of spring maize were caused by the response
of crops and the adaptation of agricultural production to climate change under global warming. (Guo Jianping)

3.6 Attribution of crop yield increase in China to climate change and technological advancement

Crop yields are affected by climate change and technological advancement. Objectively and quantitatively
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evaluating the attribution of crop yield change to these two factors will ensure sustainable development of
agriculture under climate change. The relative impacts of different climate variables on climatic potential
productivity of maize from 1961 to 2010 in China are then evaluated based on Agro-Ecological Zones (AEZ)
model. In the AEZ model, the climatic potential productivity was examined through three steps or levels:
photosynthetic potential productivity, photosynthetic thermal potential productivity, and climatic potential
productivity. Combined with the observations of maize, the contributions of climate change and technological
advancement to maize yield from 1981 to 2010 in China were separated. The results show that, from 1961
to 2010, decreased radiation was the main factor leading to the decrease of climatic potential productivity of
crops. Increased temperature had a significant adverse impact on the climatic potential productivities of maize
and double cropping rice in China. However, it had a positive effect on wheat. Climate change had a significant
adverse impact on the crop yield in China from 1981 to 2010. This suggests that technological advancement
had offset the negative effects of climate change on maize yield. Our findings highlight the fact that agronomic
technological advancement has contributed dominantly to crop yield increases in China in the past three
decades. (Guo Jianping)

3.7 Effects of adjusted cropping systems on climatic potential productivity and utilization efficiency
of climatic resources in Northeast China

Based on the existing limitation indicators of cropping systems, while considering the impact of water
and thermal resources on cropping systems in Northeast China, changes in climatic potential productivity and
utilization efficiency of climatic resources in the sensitive areas of cropping systems were analyzed. The results
show that the planting boundaries of different cropping systems in Northeast China obviously shifted toward
the north and the east along with the heat and precipitation resources. However, in southwestern Heilongjiang
Province, only one crop in a year could be planted because of the shortage of precipitation resources. Due to
high temperature stress, the climatic potential productivity of spring maize would be reduced in the future.
In certain small areas nearby Harbin in the Heilongjiang Province, two crops in a year could be planted from
2071 to 2100. Therefore, adjusting the cropping system was an effective way to improve the climatic potential
productivity and climate resource utilization. In some thermal resource rich areas, the climatic potential
productivity of summer maize or winter wheat decreased because of the shortened growth season caused by a
warming and drying climate. However, if the one crop in one year pattern (spring maize) becomes a two crops
in one year pattern (summer maize and winter wheat), the total climatic potential productivities of two crops
would be higher than that of one crop. This finding further illustrates that after a paradigm shift from one crop
in one year to two crops in one year, the thermal resources, which were not originally used, would become
fully utilized. (Guo Jianping)
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PP AR 22 A R FE K . RS R TRRRAE o 38 o X3 b 2 v ) N i KRR I P 6 B R A2 A
gy (BifREh . fHfRE: . B, AR, BT YA ) 200 VERINBFR IG5 8, RAFAE
X 3o A e A2 B 43 o R v B 7K 5 PR 5 R . FE R TS e ™ LAY 4 K X3, (BPdb R LI Rg
FIAEIL 5 oo R X . UK = B AR X DLEE = 9 AR R X L K PO 1 253 ) )
PM,, P8 B E (T 5 20% ~ 38% ). BiREL (/5 14% ~ 24% ). A MK ( 5 11% ~ 18% ) J&3
A ETY Sy Hrp el 56 F AR IR TS Y e R, FRERER VK A 35 ~ 47 pg/m’ (i Tk
) (13 ~ 18 pg/m’ ) ). AHLER N 28 ~ 45 pg/m’ (25T (19 ~ 22 pg/m’) A 1.8 %), FHERELE A
19 ~ 22 pg/m’ (ZEALET (9.9 ~ 12 pg/m®) 245 ). &N 14 ~ 16 pg/m’ (HALE (6.2 ~ 8.4 pg/m’)
F ), BEERAEIL SUANAE ST AR T A EE 22 AR (9.1 ~ 12 pg/m’ ) o X H A BRI RY BREL AE HL

2
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BRI Y TR L 50% , AW G SIE B A BRI 4RAR . AR MR ALl Ty DX o e Ak~ oy
WK G RART, (E D)1 23 T ot A5 L R BE X e TRt 1o e, aAL =2 Hkdoh, BR T
PRI EARIRZ | ERRERVR BERE o, At SR IR AL i R BE K P S AL T o P bz XSy b 38
UL, AR AL A U B R EE AR AR TR TR I 2 5 i O ol o e fl = i e
JEHTAH FE W AR AR . AR X I S 4 USr s , MRHE. BLBh 4 Sl Bk R Al 3%
B 4 A EOCERT YR, SRR K ATV AP RORBEE AR, E— T IS R A A . — AL
B A A PR, A RO A TG ShHECR R TR B, A AR R ERER IS FRER A TE 1
JEEA RS AEA B IR, AR . (5/NEL)

2.15 ZIIPM, K E b2 50 T 4S1E

W oE BA X S AR B RV I o S AR AR, ZEZR I THM 201046 H 2011457 A%
£ T 641 PM, JIEREFE S, 0BT T RE S 9 PM, S o TEHLER B T FA HLER (OC). JuEk (EC) MR
BVRRE, JFR& A SEMEZEIEAT T 0007, 2810 PM, AR BB R E 29K 68.4 pg/m®, Hrh TEALEL B 724
d BT Y 64.8%, BB 17.4% TCHLERE T BRIk NE TG K, B3k 3IE(E,
Z TR, XZ50/N; OCTERENESZEREZHIE R, LFHAM, ECARMIML, (HERM 225
AR ZRAHK (SOC) 50CHY AU Z7E 50% L b, FEZ R 58.5%,, 1 i 5 [ Bl 2y
BT, RIAEZ 3T W B 0T LA K R BER A A 2 T, 810 PM Bk R i, ek
B B A5 AT PML VR EE B3I, ( 5 )

2.16 bR ERAFHRERSANFIHRSKIBRENE 2 HHE

o FH 22 53T BERAZ 234 AX. (TDMPS ) A28 S8 Ty 2 biA2 oA CAPS ) XA 5 X A R ot AL
Yy (EHAE3 nm ~ 10 pm ) BOEMARAESEATIN . FIH] 2008 SRR VLMASR, 0 T AFR T (AiED
BRA TIHRAMEERT) N ROVEBEGE 0 LS TIRERZ M BRI R R, 458
FW], WARRAAMT, BT ulbsz puibds m TR, KB, BB Bk UL, PM,,
P e JEE T L TG N ) 22 S B 7 OKR B . SR AR AR SRR A R R R AR AR R
TR TEMET, WAL ET, RAPH S IREOR BT, RS R R Bt
K, RERRRR 2 I WA R, ST LR HUE KB 80 nm Zcdy, IKBI R = BESS Y
R Fa R 0B RIENM AT, B (1 wm IR ) BOARBIRR AR AW T =
FME T RIEN . FFRTFM T ROE AT B LT R (R AR ) BRAEBRURARAS, FRRBEAS RO B tho v T
FER NIPITERY], FFER AT PMys BRI AT LA Z R A 1015724, Hh LIt
KR DT 3o TS5 R AT, b XA B A v O AR R 1) 3 20k A X A0 1%
PRI X 5 5% 3 DX TR RSE A RIS AT A A b 3ok DX o e A2 o IR (A dle . ( DR/ )

2.17 E-FHEXRXEITMIXA2013F hE LI FIRTEEE A BIEHITHER SIS FFHEM
SRR REHR

201341 H, ABAU IR 7L E S sE S, 7E20134E1 H 1—30 H, T Cimel KOG
THEARIL T 5 . AR 45 7 sl s AT TR, BT IR ' S B Bt 5 8 A AR I f i S
. WFFEEEREIL, 500 nm A AR TG T5 YL i AR ol ARG T 0.30, 7675 Yegi {4 & AR Y,
SIEBOCE R BE KT 1.00, 15 RZHEEHEBL, FrA 5 5 Angstrom 35 50H8 K T 0.80, V54 fildETS
Jepd ], AEACET 3T A, 500 nm -3 2 R B DAL 1) R R, A 3 Tk A s e
T AR A SV RO 24 R R AR TC V5 Y i I 0 2.5 4%, MAERR X R AT 3 8 5.0%5 &2 45 o #E20134F 1
A, XA 5 675 nm IR S BEOG2A R BT 5 HUFIR T 80%. 1544, 675 nm G2 E
JE WM AR AT 3 s 2400 0.01, T HAth 1 DX (%) 75 e AR 15 Yo B, 4393124 0.03 ~ 0.07 F10.01 ~ 0.03,
PAYR U I HE R AE 0.87 F10.95 Z 1] . 25 3 fie ™ F A4, b s 0 X A Bk 33 43 A S 0 11 1A A8 A 3
YRR . TEVS YL, RS SR IRA R 0.01 ~ 0.08 pm, K TAEVG YLt BE; MK A
AR, TEVSYLRTBEN 0.06 ~ 0.38 pm, FLARTSYRTI/N, B | 4IRS FUHAS S VA AR R AE £k 43 31
$70.06 ~ 0.34 pm®, 0.03 ~ 0.23 pm’ #10.03 ~ 0.10 pm’, EE s E ™ HH (1 H1—16H ), K%

(83
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AR ST RETER A . RBIX . AT T 50 W/m?, —180 W/m” F1-200 W/m®, 7ERSJZETN, FeklFn
ST Hb DX P T SRR 3 BB 4550 A =30 W/m? FIl —40 ~ 60 W/m®, TS E 2% SR R IR, B
B3 T 0 5 RS2 TIE S e i AN R 1 HoAthl o5 . (255 0E)

2.18 20131 AR EFRB—REEESTEEHHRSKE S

JSE N T R BRI BRL . 22 (U BRIRZEBORE . NCEP #2087 BORE LA K T639 #68Cfi H 7™
At SRR =S5 G AT . e 1L 52 Y B2 W o A LA R i X HY SPLITA BRER 25 5
%, WFFE20134F 1 H 6—16 H H EARIL R B 55 38 K U B A A P2 0 GURIN, BRIF AR A
201341 A 10—12 HAb Rt PM, s S W e 2k BTt R P gfE A S m . 4538 (1) RN
i) 52 TR ] A ol O 2 1) 5 Y 14 e A O o [ ARl E L X R I T A T 55 5 K U AR R LR R R B (2)
NFRRRRGRGE . S R, (A RZ i RiEshZ 2mE, A5 ErE e st AR r <48
Ao (3) BT E LR R (AAEILTE . bS5 ) AExhin B AR Z A — SRS P g <t (6 ~ 11
m/s ), AR TX SO X {5 G ) AU AU I R R s, IRIE R S s R s (4) SEEINOAA
i A9 HYSPLIT4 B0 S 72 b [ BUEE B 5 m =S RS R A Y &, RASEME. (£2)

2.19 FEHLREEZFLEH TRARAEFHIENTR

20134F 1 H, fErpEAEICH X 24 T JLK ™ E g5 Je b JeF AR RA0F 5T B 55 2013
AE1 H 1—30 H IR Cimel KFHYCEETT A, TR TR RG2E e, AR &2 B, 20134F 1
HZEsE], S0 5tk X ARG R KT 0.600), Angstrom 85K L KT 0.80, FE38 &K 4 Z 7,
A6 53 T b DX A G I BE K 2] ARG REAE 0.40, THZJ5, FEBESREA ™42, 500 nm S A RO G R B
SUR B AR 1,50, 7R/ E A SETS YaT Y, S R R ORISR 2045 . #E440. 675, 870 F
1020 nm 4B, BV R BRI 0.90 £ 0.03, AR AR T BV BT B SR AE 440 nm 1 BEAH—
H, MTE675. 87011020 nm IFBZRALAR A, i1 H 12 HA18 H AL, FTA M4k T FUER = -0k 1
A, R AN AR AR TS AR EE R R, X 20134F 1 H B E 5% 15 Y S 1 s IR s/
SPAATRY, 5 E A SRR TRET A T/ kA AR e PRI
IRATILA K 31%, Tk / Tl B2k 69%, ( 4E5F)

2.20 fEMPredeX =iaEHT AL I T i = BRI USRI F 45 1%

SKYNET /&3 F Prede K25 5@ S 119 [ PR G2 AR I M 45, EZH WM RRFK -5 -
FRSTAR AR . R 8 SKYRAD. pack #04F (RRASS5.0) K i 1 AUl s SR OG5, s
WHOCAIERE (AOD), WRIEE (o), K FARFUE /i R U I BER (SSA ) %5, WFgTal ki,
L5500 nm [ AODEARIE X [BIFE0.11 (555 E ) B 1.14 (S H L), HEHN0.34, F45 1
Ko KMEHIEREZ, H1.05+036, fi/MEEMESRFEZS, 50.82+0.39, 500 nm A SSA {H7EE Z Al
BEAMUMEGEMAE, 8096 £0.03, HELFRAL, #50.93+0.04, IR TR RATIEEH
T TRUERFE AR : FBEMPLT, BT, o AODIGKIMAEK, R\ ITLDR TS
2 P AR A . ARE VD AR ARE R (o< 0.47 HH. SSA L 1u=SSA 1020 < 0.018) , TEFFH
NI Hp Vb R R AV A IR R A R R . B BRI ZE40015 4.1%, 5.1%, 0.5% F11.2%. ( 42Z50E)

221 2013F1 B— g EEESLEHNEEUMR

£ XF 2013451 H 6—16 B H [E 2= 5B 4t X ) — R ik 5 Yok 72, X HBE UL . PM,,. SO, FINO, ¥ B |
550 nm [ ODIS AOD. 440 nm ) CARSNET AOD F1CLIPSO 532 nm A4 AR T ' 22 5045 WL % k- 47 17
CEENT. WFSTA IR I, AR M DX YR R R R T R SR V5 YRR AR A IR RE WL . 1R PM, AT AOD,
15 Y i ok 7 ) M DX R DL BTG RS L Ll 2R P AR R AL R N A AR SR S X, g TS e
PR T E AR 125° E BTG, H XA 140° E LAVE B VE T EA TR . 50 K R b
[X. PM,, 28 At 34 R AR R A AR RIS % 22 0 [X 35 e 5 3l T i 0% ) ] RESE I, AR 3K UK ™ B 38 5
Je e, RGO RERAE X s H AT AR H AL T B S YR . IR Ts YR i e s LA I
1500 m =5, F55102 100 ~ 800 m = V5 Y A E . (1%%)

@
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2.22 HEHELFRIXKEERKSERBESHSIBR L FNYERE

FF 4R 2006 452 A 3] 2011487 A A B GA R PE BRI 9T T 605 R X T 5t A Ok
FIE BRI LA AE VD R FNSE A5 F R AR AR B0 o 25 SR FHH , DLRRAR -2 S IR 't 5 B I %
KAGE 54 0.28 £ 0.30 F11.07 £ 038, ZT A AOD,, . 7EHEZE (040+0.3) FIEZE (0.40+0.42)
TR (020£0.22) A4 2R (019021 ). MFEEUHECIE RIS A R 1.25, W KIEECH
1.0 ~ 1.5, XFH G FFHARAERSER (2 AAE > 1.08} 4 88.2% ) JLF- A b4 il
TR AEAERZ RS R 25 KL A A R MR BE Bl AOD A I B fin . 7E 2, MU A I A hin
FERE R TR T SR, 7F A Z 5 UL SR S R4 . D4Rl 1) 7 {1 AOD I A5 4R 28 I I 1
R AR A Ko T me i AMUAZ K A o E IS E R A R R, hz8bk AR
J5 3T A Y A XN RS I B B 2 B R IR . YRR RARYE AOD R 1.49, 1igE K AOD A
1.10, VAR NS R A3 FE £ o391 0.09 Fl 1.43, (4EIE)

2.23 1980—2009F E R H I T iE D A KRR IRZI R EAPHIEH 2 L FHHEE

5T T v b 3G VP IAE 1980—2009 452 i K PH AR 5 (SSR) MKW H S B =i (TCC) .,
iz (LCC)., /KIKER (WVC) FIRIEEHIERE (AOD) MR, ZHLIX A V-4 SSR 4F 10 434 Jin
T 121 Wim®, BT 42, SSREE FFHaH, TCC, LCCHWVC AT, M AOD FIj ™5 v/ il E &
AR B S D AR RIS s R I VRV A RS TN & 2 B FUK 78778 3l SSR K T
(EZIE)

2.24 HEN)I|ZMETHENENSAERLFHIE

W& IE 43 B 12007 4F-2 H 212009 45 12 H H [ DU )1 28 1 B8 AR sl i i) S e 2= R (AOD ) Al
Angstrom 88 VL S T SO E2A R E 5 P Z RIS R o I A 2 BEAOD H 3 &S EH EE3 H . 8 H
FT12 A AR AR A HEAE 10 H, Angstrom $8 8076 3 A Fi18 H 07516 5 AOD A, P PM, & B
T2, XA RERE, B9 AODE 5 U0 U2 ) PM,, Z A7 E— R 4 (R4 ) 1
KR, VB SEAIE F I3 AN LHIEY], AOD(ELET L RSN T e R 1E 58 RS 51T e/,
SR 3P RS T Angstrom F8E0 31 5 AODs I o 3 RIYJF Bk /A R B, 25 i iR IR K
FREE bsgmm )1 Aoib b7 (s e et . (BREE)

2.25 FHCloudSatD E A RN T =B Z RS 4T

FIH 2007 4 1 H 2 20104F 12 H &3 450913 CloudSat TR B 2B BHE 5, M=l B & (4
F& = BRI oK S B SR/ OKIERE . ZARCERS ) U S (S EREE ) 1
BRI AT MBS IAT T Geito00r, JHF5E T o BRI B e M R A5 . 2550, vk
BOAEALER I . BIEARE . AEMRRL . KR A mE WA i 2, DARCRSERE . RV ENEE
R L2, X ERRMEIE 600 g/m’ L L, 3 7 ) LS E XA TR E X 8 lam Bt LK Hr 46
HiX 4 ~ 8 km =B . WA/KEEAEAE300 o/m” DL E AR {E X =B T A2 . EDEEVERTR PG 7 K PR IR
SRR 2SO ) L IRASOK S B I . VKA R AR A v 2 b X T i T JE A 200 pm LA
b, TESRIEHITA ~ 8 km A I EMEK, mALERPEAERIX2 ~ 4 km EA2ANEEK, R&KAED
KFN 80 pm VA o 7E1 km LU F I FZ K A RCERER R, 5812 pm VU b Bt E 2Bk
TS HLIX < 40, (B DX 38 057 T 0 v 26 B ) e DX RIARR 4 B S I KBl B i Lo 5 S 1) Lo
MR R EERTE 2 km I TR Z . BRI Z om . /KSR oA SR
M, =R KA A = 2R R X . ( EEar)

2.26 EWEERERAAMX T EAura-MLSH R |5 /KRB 7= MBI IE 2 47

FR P Aura T9 2 GLBE IR (MLS ) 2.2, 33MUKIK AR AL, RAKENFG %, KBRS
T T R VR A IR Bl Az 5% ) R HR L IX (= g B v ) Gl G R R AR A (CFH) FiTeafb2f
KNI (ECC ) FR23 AN 43 5700 75 f) 7K 9 R S SR 5000 47 1 2] 5 T B 7 ot A 1 0 o S AT LU 3R 0
Mr, LAKGEE MLS K IX AR A Bk Fe it . 25 MLS 2.2, 3.3 fR/KIKAI X RZEAE 100 hPa i % i 2

(85)



AN BEHARSER
w Scientific Achievements and Advances

TH B3 20 5k (9.8 £46.0) % (n=18).(23.0+£45.8) % (n=17); TE/NT 417 82.5 hPafE WK T F
WEW 5k (22£15.7) % (n=74). (03£14.9) % (n=75); i 16X #2316 ~ 121 hPa s B N
Sk (21.5+90.6) % (n=104), (6.0+83.4) % (n=99 ), AHRMLS 2.2, 3.3kt 5 5 1Y 152 2= 50l -
(-3.5+£54.4)%(n=27).(-8.7+41.6)% (n=38)( 100 hPa); (-11.7 £ 16.3 )% (n=135).(15.6 +24.2) %
(n=305) ( FFii)= )5 (18.0£79.1) % (n=47), (342£76.6) % (n=160) (Xfiit)= )= ). MLSIKIH
A RZERE E A X RZE LE -2 2R A gl B, #or5R22 0l B i s B 27K A
G AR A B R MR IR s B o [ . RS W], $7g=HIX 70 hPa & B2 LA MLS 12
BRAW TR ZE 0 W B ek, AREN S HIEE 3 A MLS R AR 2 1 E A A AR — 8. TR =i
S¥WaSMER0IE R EH, MLS B A REE SKAMREARSPEEMMA SR, 33K
i RS AE82.5 hPa L LS RS AT H 5, )™ S RS A I B ARk, X MLS 7K VAR5 U
L iR 2ZE M AT R R T Tihe . CBMAR )

3 KEMSEARIKRNMA KKK IR

3.1 APECIMEZT S FRETlFnEHE R LML

St T APEC 23101 H Ag A5 Juka#fidi, 7E G APEC FIAPEC B[R], SCE RS A fb fifie . %
JEE X A X, (L) S REHT T 7 ~ 10 KT, SuFEE, % APEC & s HERS
WEFEAT T YA R0, L5802, 20144E 11 A 3—12 H APEC U IA], b5t K& R B RS
75 Y HERS (AL SR X PM, < VR BE 21K 35%, NO, HREEZIREAK 33%, ARGE% T B RS KA,
APEC & TUHN], | Fra X5, KI5 YW bt AN B, b A s diHE o i a8 25 A= i 1Y) DT gk
%ok 83% ~ 89%, JEHH XIS HEI TTERZE R 11% ~ 17%. ST R, APEC U], J&3300 km
9 Rl AR BB HESE it X b 5t (R 2 IR 35 R 5 600 ke 35 B N AVBCHERCR AR 24 5 M HIAIL 8l 22 U HERES i X b
ORI s 52 X a1 2 o R HE X BRI b 5 3 X P, 6 B () BRIk 20 9%, ( ZB1LB, XIHLEAF) )

3.2 SRK-SBEELESEABCC_AGCM2.0.1_CUACE/Aerof =&niB it 2py it . FHIURE
S AR BER N

N — = B[] I 2 2 T 0 0 7 O e P RO B R W S B o T B 3 oy B S e — S E £k
AU BCC_AGCM2.0.1_CUACE/Aero W, FEANVEAL THIXT B . = AR 250 BLUPERE,
THE TR R Rl Ao . B A, A e o LS AR A T 1) o e TR B D2 L
B BRI R BOR E 3.3 x 10 m™, 5 TR RHZER 4.0 x 10" m? 1Y B
U R ERAF I 2 T A ZCEAE R 8.1 pm, /INFARR BRI ZE R 10.5 pmo ARG 2 S K %
PR RTINS A 25 50, Bl R AE h 4 — e X B, AEEI 0 = RS K AR T2 100 g/m®, HES
TR I 2 SR — 2, R 2 AR R 3 AN K BRI E — R A Bk TR A Y
KA TR SHRE R -0.6 Wim®, MR AR (1.8 Wm®) A BHES ., MIEARE =
W B BR A, BB AL AT R S e 14 [ e S 3 1 G BR AP 34 (0 - 1.9 W/m®, {H
J, MBE T EOR B R ARBR I, ARSI TR S omas B B/, (EREST)

3.3 SHRM-SEBAER FHBCC_AGCM2.0.1_CAMSEZHIMMII 1

PHE T B RS AR 0 2R RS PR R A BCC_AGCM2.0.1 N KA e P AL A = CAM T 2H i
FIARR G R G xt 5 FRLAV S S I (BRIRER . BEEKk . A HLER . VOGS ) MR E AR .
ZERRH], A RGNS R AV SA R RLEIR b A B, JCHOEXIBRRRER . V2R Rk () A4
HE BCC_AGCM2.0.1 5/ B9 H XS E RS IR RIS . # A R RS mEES S 50
W/ A HT PRt A —3, TER i i b T Y A K 85 T PG T I H S35 S0 I R A AL
SER . WA RGP L TN ER S AL A oA (o A 7 VD R R 2 Bk v £ B R AR TS K BH 4R
SR FTekt, T B e 3 R T R B SR TR . A [ R T A AR
Rz A RS s, kxR AR B B . (ST

)
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3.4 AEEZIFEBHEX LR T PM, ik B8 %5 00

I 25 S A Model-3/CMAQ K st T 1 X i 43 e HE ROIR G 5, XA AR R 1 5 e i B
(20124F2 H7—16 H ), & T SFARRR ZIAmHE 7 58 (TR 15 Yl AT 4 X . 213 K. A2 K.
AT 1 RIS RKIEHE), X e RRERSHELL B, ANREEZIFFRIEHERRCR 2 5 . PR kB, AR
BSCURHEAS 4 it L 75 (> R T A DRl T AT P 5 Vi B2 1) 52 i) B R BT 48, T L4 R B 2 i
AR BRI, PML, s Y B R I o AT 1R 2K 3K BRI TE sl A 6 X WG E Mk B R B 00l
23% H122% . 31% F130% . 39% F138%, 3JHHIE = T 24 R ISHE AR IR BE T B3 10% F19%., {HBE % 2
HERELIIE TN, PM, s WA IR B —25 T R R 3 ORI HER RS 5 2 i i B AR . B A 4 U HE
VAR VE 3 T, 6 DX VAR VA B T 4630 T K 40% F1139%,  HE T 4 KU HE R B 3 s HEXT [ AR 5 L e (i H
PM, s ¥ B AR EL A KR 20 [RIBHERXT 55— 15 Yt Be (2012481 A 11—20 H ) #8475 T LA AL
BEPEIRTS, 5 T RS, WL, xR seys Y e R SnlcHE, 25655 R HE AR TS HERCR |
WRIEIE AR, 70T RES | AR V5 P H AR R AR IR HEET 2 ~ 3 TR OB HERS TR
BAf, BEREA A PM, IR, tin] LIRS R E B A Rl HE S B A K (222%3E)

3.5 NASA / GoddardiK K ¥a5t 77 27 GRAPES_Mesot& = B iz A 5T

P NASA/Goddard 19 1 3 45 5t 75 2 51 A 2 GRAPES_Meso 558, %2006 4F 4 H v [E # X #E4T T
AN BRI ES, I5 40 B (9 NCEP B3 AT R EAT T X e dr . X0 25 R 36 BH . eI IX 3Dy,
GRAPES_Meso i 24 h, 48 h Tl i 25 A Tl ] MK 0k 5 5 38 £ (OLRC) . b g 20 21 1) B < 4 4
(GLWC) 73 A1 35 NCEP B3 Mt B A B RO I G &R 5 #55024 h, 48 h T4k OLRC FIAH RN NCEP £
AYMTEERE A SR E A R HIAE —10% ~ +10% AN, GLWC H iR 22 543 He H OLRC IS K, {HE
A bR A PR AT HE 2 T 2 . B0 24 b, 48 h FilR 19 OLRC Fll GLWC 1 BEF- A 56 2R 50T 1
0.93 LA b, FRUEIRZEHARTE 31 W/m’ LAY, GLWC Hi4R 5 NCEP F- 208 SR AH & L OLRC &, OLRC
5 NCEP P AT SR PRHE TR 22 FE GLWC /o AR SCHFFE 25 KM, 51 A NASA/Goddard FH IR 58 51 7 %8
J5i B GRAPES_Meso 15 R 8K | AEAS %5 I #il 4 OLRC FIGLWC, %48 515 22 ] LIAE M= GRAPES
Meso B &M 2 —, (E£%)

3.6 XiRmESBERNEESIEIN X FiRE/ I

it WACCM-3 B B OL2# R S5 TR TR XS A, AU n] DUAR G- P 3 4 2R
S B AL, (BAE— S XA B L 225 . I HEUE RIS 5T T X i 2 S0 B 1) B 4%
SMERR R IZ R . S50 R, X2 B2 S A B B, 2t
FRTEIX — g R S AR, I 2 A0 B X T 3t )22 5 S 1180 552 Wi A S L 4 A RO %o - 3t )22 5
il f1) R B SR LML AT BB L 2 AV e SR X 3 2 O R A, s i X I 2 R RN R
M mAT B U b, HARPFmE R AL o X BT m 4 A X, R
BRIGARfE eGP BR K, TR AL RGE 10 K, Ll Wb e KT 3K 12 m/s, RAAARF - $0: 2 0k /b
0.8 x 107, (X&)

3.7 Wi HER Skt b = LB F kiR 2= S A R B 20 23 4

DA b ) X SORSAS RS sk CO, AL LAY ) AR = /& (HFC-134a, PFC-218 FIHCFC-22) #
JELELR M R 5], GEit oA HEUCEC A T 45 KU vk BE BB Sk BE#mr, BRI 145 2 15 i HE iR 2%
X o) i R AARAS I (e . BESEHIE], CO, A REE LB 249k 21.2%, 2 /b A i HEi S5
B, AR AR B R R (3.7 £1.3) x 10°°; HFC-134a Fl1 PFC-218 ¢ B 1 S v B %%
FREFAE S e T 20 R R X AE A 22 51 5 HOF C-22 3¢ B4 AE 5 23 8 1 v 791) B2 7 AR 1) 254 HE iR A A
—H (W)

3.8 FAFLEXPARTHEZ & id # [E X 13 SFHE M =

ISIALHR (SF) R—F A (U 2 U, 8 ChrfBUE 45 ) IRHEPIBE . BEE 25F il ki,
AR 2 B A A T . SRR “A T L” W RIAMS B HER R, e 1

@D
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{5 BB A ERR PR RN S EAFAEBOR R BR . DRI, ASSORI RS B HORE 78 BB X FLEXPART,
4545 2009 AFEHT_E )1 XSO AR v EEULIN BB, iU o7 v [l XSl i Y B ey i . 2R
W, 025 S A4 2000 47 B X SHE R R 1.25 x 107 (0.53 % 10° ~ 1.97 x 10°) t, 5 3CHREERAY, IR
HERCE A 2 PN 1.05 % 107 8/NE]0.72 x 107 to 5SS RAR LL,  R2 I8 ) AH 5 2R 40 0.37 42 5 1)
043, HIHHIRIER/NT 2.64%, (LILEE)

3.9 FRISKEMH THSIBRIEZFHETXL N T ERMHR
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Fig. 1 GC x GC-gMS (a) and GC x GC-FID (b) chromatograms of a Beijing air sample
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Fig. 2 Meteolnfo GUI and sample plot from station data
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China, respectively
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Progress in Atmospheric Composition and Atmospheric
Chemistry Research

In 2014, the Institute of Atmospheric Composition completed several tasks and made obvious progress
in analytical methods, comparison and verification, quality control, observation of atmospheric composition
and atmospheric chemistry process, model development and implementation, and in assessing the impact of
atmospheric composition and related factors on climate, weather, and human health.

1 Analytical methods, comparison and verification and quality control

1.1 Establishment of the integrating sphere calibration method for China aerosol remote sensing
network Cimel sunphotometer

Based on the integrating sphere traced from the National Institute of Standards and Technology (NIST,
USA), a sphere calibration method and protocol for the China aerosol remote sensing network (CARSNET)
Cimel sun photometer was established. Four CE318 sun photometers were verified using the proposed
calibration method and operational protocol. The calibration results showed that the instrument coefficients
differed by less than 3% for visible (~5% for infrared) wavelengths from the original ones stated by Cimel
electronique. In situ validation experiment data showed that radiances at £6° measured by a sun collimator
(aureole) were consistent with those measured by a sky collimator (sky), under both almucantar (ALMUC)
and principal plane (PPLAN) scenarios. Differences at all wavelengths were less than 1%, indicating that
the method and protocol are suitable for CARSNET field sun photometer calibration, and would benefit data
quality and accuracy of network observations. (Che Huizheng)

1.2 Coupling of comprehensive two-dimensional gas chromatography with quadrupole mass
spectrometry (GCxGC-gMS): Application to the identification of atmospheric volatile organic
compounds

Observation data of atmospheric volatile organic compounds (VOCs) are highly needed in air quality
assessment, photochemical mechanism study, and emission control policy-making, while it has been a challenge
to accurately and comprehensively measure them. Comprehensive two-dimensional gas chromatography
(GCxGC) is one of the advanced techniques in analysis of complex mixtures, providing a good choice for
measurement of VOCs. However, the requirement for a fast detector limits the application of quadrupole
mass spectrometry (@QMS) in GCxGC analysis. This paper presents a method on how to apply a common gMS
detector coupled with GCxGC to the identification of atmospheric VOCs. About 125 VOCs including alkanes,
alkenes, aromatics, oxygenated hydrocarbons, and halocarbons were identified in the measurement of standard
gas mixtures and/or urban air samples from Beijing. The results were applied to the analysis of GCxGC-FID
by one to one correspondence of the equivalent peaking compounds between the GCxGC-FID and GCxGC-
gMS chromatograms, and the retention times of the identified components in GCxGC-FID in turn underwent
the qualitative analysis without the further help of MS. The wrap-around phenomenon which may confuse the
match of peaks was discussed in detail. The co-use of GCxGC-FID and GCxGC-gMS in the identification
process makes the GCxGC device more affordable and the qualitative and quantitative analysis more robust.
The method and the identified results can be further used to analyze other volatiles (Fig. 1). (Wang Ying)
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1.3 QA/QC method for and assessment of atmosphere background CO, sampling and analysis

To strengthen scientific management and sharing of greenhouse gas data obtained from atmospheric
background stations in China, it is important to ensure the standardization of quality assurance and quality
control methods for background CO, sampling and analysis. The observation and study of atmospheric
greenhouse gases in the Waliguan station (Qinghai) by CMA were begun in 1980s, with rich experience in
data sampling, analysis and processing having been accumulated. In this study, the QA/QC method for
atmospheric CO, concentration observation and analysis by portable flask sampling and the CRDS system are
discussed in detail. Then, several key steps of this method are evaluated. Finally, by using this method, the
variation features of the three typical regions’, atmospheric background CO, concentration are preliminarily
analyzed. (Liu Lixin)

1.4 Study of atmospheric CO, mole fractions at the Longfengshan WMO/GAW regional station

Out of the in-situ observation results of atmospheric CO, mole fractions from two levels (10 m and 80 m
above the ground) at Longfengshan (LFS) regional background station in Heilongjiang Province from January
2009 to December 2011, this study mainly focused on the lower (10 m) level (a.g.l.). The results indicate
that the observed data from 10 m were strongly affected by the local sources/sinks. The differences between
the 10 m and 80 m results were relatively small during the daytime (08:00-17:00) with values being lower
than (0.5+0.5)x10°. In spring, summer and autumn, higher CO, mole fractions were observed when surface
winds came from the E-ESE-SE-SSE sectors, while, in winter, surface winds from the N-NNW-NW-WNW
sectors obviously enhanced the observed values. Generally, lower CO, values were accompanied with higher
wind speed in the four seasons. This phenomenon was most obvious in winter. Based on the analysis of the
observed diurnal cycle and the local meteorological conditions, the observed data from 10 m were filtered
into background/non-background events. About 30.7% valid hourly data turned out to be regional background
representative. The background CO, variation displayed a peak in winter and a valley in summer with a
seasonal peak to peak amplitude of (36.31.4)x10™°, which was higher than the values at similar latitudes from
marine boundary layer (MBL) references and WMO/GAW stations. The annual CO, increasing rate at LFS was
roughly estimated to be 2.4x107°. (Fang Shuangxi)

1.5 Meteolnfo: GIS software for meteorological data visualization and analysis

Meteolnfo is a suite of software tools which has been developed for meteorological data visualization
and analysis. It includes a .NET class library for software developers and a desktop application for end users.
Meteolnfo also supports several basic GIS functions and can read common meteorological data formats such as
NetCDF and GRIB. Complex meteorological analyses of grid and station data can be processed using provided
data models. The class library can be conveniently used to develop software routines for manipulating spatial
and meteorological data. The desktop application has a user friendly GUI and is a powerful tool to view and
examine meteorological data sets. Meteolnfo can also be run automatically using the IronPython scripting
language (Fig. 2). (Wang Yaqiang)

2 Observational studies of atmospheric compositions and related properties

2.1 Atmospheric sulfur hexafluoride (SFg) in-situ measurements at the Shangdianzi regional
background station in China

We present in-situ measurements of atmospheric sulfur hexafluoride (SF,) conducted by an automated

gas chromatograph-electron capture detector system and a gas chromatography/mass spectrometry system
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at a regional background site, Shangdianzi, in China, from June 2009 to May 2011, in which the system for
observation of greenhouse gases in Europe and Asia and Advanced Global Atmospheric Gases Experiment
(AGAGE) techniques were used. The mean background and polluted mixing ratios for SF during the study
period were 7.22x10™"% and 8.66x10™" respectively. The averaged SF, background mixing ratios at Shangdianzi
were consistent with those obtained at other AGAGE stations located at similar latitudes (Trinidad Head and
Mace Head), but larger than AGAGE stations in the Southern Hemisphere (Cape Grim and Cape Matatula). SF
background mixing ratios increased rapidly during our study period, with a positive growth rate at 0.30x10™"
yr . The peak to peak amplitude of the seasonal cycle for SF, background conditions was 0.07x10™'* while the
seasonal fluctuation of polluted conditions was 2.16x10™"* during the study period. Peak values of SF, mixing
ratios occurred in autumn when local surface horizontal winds originated from W/WSW/SW/SWS/S sectors,
while lower SF, mixing ratios appeared as winds originated from N/NNE/NE/ENE/E sectors. (Yao Bo)

2.2 Background variations of atmospheric CO, and carbon-stable isotopes at Waliguan and
Shangdianzi stations in China

Observational data from 2007 to 2010 at the Waliguan (WLG) and Shangdianzi (SOZ) stations in China
are used to study atmospheric CO,, its "°C composition, and their potential relationship with sources and
sinks. Results suggest that at WLG station, both CO, and 5"C feature a long-term variation and seasonal
cycle that correlate well with each other. CO, and §"C inter-annual variations indicate terrestrial ecosystem’s
alteration in source-sink by season in the mid- to high-latitude Northern Hemisphere. CO, annual means vary
from 384.0x10°° to 390.2x10°°, increasing in an approximately linear manner averagely at an annual growth
rate of (2.120.1)x10°. The 8" C annual means vary from -8.30%o to -8.35%o, decreasing almost linearly and
averagely at an annual rate of -0.02%o = 0.001%o. Given the terrestrial biosphere and anthropogenic activities
at SDZ station, the CO, annual means vary from 385.1x10™ to 390.6x10™°, approximately increasing linearly
and averagely at an annual growth rate of (1.8+0.1)x10™°. The peak-to-peak annual seasonal amplitude is
23.0x107°. The §"C annual means vary from -8.27%o to -8.36%o between 2009 and 2010. Mean values of
(-25.44+0.72)%o and (-21.70+0.67)%o for the respective sources are obtained at WLG and SDZ. The estimated
d, values are rather negative in winter and spring than in summer and autumn at WLG. While because
substantial C, photosynthesis occurs in summer and biomass burns in winter, the estimated 6, values at SDZ
are heavy throughout the year and rather positive than those at WLG. (Liu Lixin)

2.3 In situ measurement of atmospheric CO, at the four WMO/GAW stations in China

Atmospheric carbon dioxide (CO,) mole fractions were continuously measured from January 2009 to
December 2011 at four atmospheric observatories in China with cavity ring-down spectroscopy instruments
used. The stations are Lin’an (LAN), Longfengshan (LFS), Shangdianzi (SDZ), and Waliguan (WLGQG),
which are either regional (LAN, LFS, SDZ) or global (WLG) under the World Meteorological Organization’s
Global Atmosphere Watch program (WMO/GAW). LAN is located near the megacity of Shanghai, in China’s
most economically developed region. LFS is in a forest and rice production area, close to the city of Harbin
in northeastern China. SDZ is located 150 km northeast of Beijing. WLG, boasting the longest record of
measured CO, mole fractions in China, is a high-altitude site in northwestern China registering background
CO, concentration. The CO, growth rates are (3.7+1.2)x10° yr™' for LAN, (2.7+0.8)x10™° yr™' for LFS,
(3.5£1.6)x10° yr' for SDZ, and (2.2+0.8)x10° yr™' for WLG during the period of 2009 to 2011. The highest
annual mean CO, mole fraction of (404.2+3.9)x10"° was observed at LAN in 2011. A comprehensive analysis
of CO, variations, their diurnal and seasonal cycles as well as an analysis of the influence of local sources on
the CO, mole fractions allow for a characterization of the sampling sites and of the key processes driving the
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CO, mole fractions. These data form a basis to improve our understanding of atmospheric CO, variations in
China and the underlying fluxes using atmospheric inversion models. (Fang Shuangxi)

2.4 Estimation of regional background concentration of CO, at Lin’an station in Yangtze River Delta,
China

A new method of extracting regional background concentration of CO, in Yangtze River Delta was
developed based on the observations of both black carbon concentration and meteorological parameters. The
concentrations of CO, and black carbon were observed at Lin’an regional background station from 2009 to
2011. The regional background concentration of CO, in Yangtze River Delta was obtained by means of this
new method, and the impact of human activities on CO, concentration in this area was also assessed. The
results show that the regional background concentration of CO, extracted by this approach was comparable
to the values obtained by R statistical filter method, and moreover this new method was better at picking up
episodes heavily polluted by anthropogenic emissions. The annual regional average background concentration
of CO, in Yangtze River Delta from 2009 to 2011 was approximately (404.7+8.2)x10°°, (405.6+5.3)x10™ and
(407.0+5.3)x107°, respectively, much higher than global average value, indicating the distinct characteristic
of this region. The anthropogenic emissions from Yangtze River Delta had significant influence on the
concentration of CO, in this area, increasing the local value by roughly 9.1x10°. (Fang Shuangxi)

2.5 A case study of short-term fluctuation in atmospheric concentration of halogenated greenhouse
gases at Shangdianzi regional background monitoring station

By means of trajectory analysis method and footprint analysis method, combined with the online
observed concentration of H-1301, HCFC-22, CFC-11 and SF,, a typical case about short-term fluctuation of
halogenated greenhouse gases at Shangdianzi background station during 7—12 September 2012 was analyzed.
The results show that before the occurrence of pollution, air masses at 12:00 BT 7 September 2012 are mainly
from the far-away north and northwest, with a long horizontal transport distance, rapid moving speed and high
vertical height; meanwhile, the corresponding halogenated greenhouse gases concentrations are relatively low,
which are 4x10™"%, 350x10™", 260x10™"* and 10x10™"* for H-1301, HCFC-22, CFC-11 and SF,, respectively.
However, on 9—10 September 2012, a certain percentage of air masses convolutes over the south of the station
with a short horizontal transport distance and low vertical height, moving slowly in the boundary layer, thus
hindering the spread of pollutants in the boundary layer and resulting in relatively high halogenated greenhouse
gases concentrations. Such situation contributes a lot to the short-term rapid growth of concentration levels
and H-1301, HCFC-22 and CFC-11 respectively reach the peak concentrations of 45x107"*, 200x10™"* and
310x10™" at 12:00 BT 9 September and SF, reaches 28x10™"% at 03:00 BT 10 September. On 11 September, the
convoluting air mass in the southwest direction disappears and on 12 September, air masses all flow from the
far-away northwest and have rapid moving trajectories. The result by footprint analysis method is the same as
that by the trajectory analysis, which is that on 7—8 September, regions with a high sensitivity coefficient are
mainly located in the north of the station; on 9—10 September, they are seen mainly in the south of the station.
Then on 11 and 12 September, the regions with high sensitivity coefficients in the south of the observation
station disappeared. In addition, a flow field analysis also showed that the circulation pattern on 9 and 10
September is favorable for the accumulation of pollutants in the observed region, resulting in the short-term lift
of pollutants’ concentrations. (An Xingqin)

2.6 In-situ measurement of atmospheric methyl chloroform at the Shangdianzi GAW regional
background station

An in-situ GC-ECD monitoring system was established at the Shangdianzi GAW regional background
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station (SDZ) for 2-year atmospheric methyl chloroform (CH,CCl;) measurement. Robust extraction of
baseline signal filter was applied to the CH,CCl, time series to separate background and pollution data. The
yearly averaged background mixing ratios of atmospheric CH,CCl, were (9.03+0.53)x10™"* in 2009 and
(7.73£0.47)x10™"* in 2010, and the percentages of the background data to the whole data were 61.1% in 2009
and 60.4% in 2010, respectively. The yearly background CH,CCl; mixing ratios at SDZ were consistent with
the Northern hemisphere background levels observed at Mace Head and Trinidad Head stations, but lower
than the results observed at sites in South China and some Chinese cities from 2001 to 2005. During the study
period, background mixing ratios exhibited a decrease at a rate of 1.39x10™" yr™" in trend. The wind direction
with the maximum CH,CCl; mixing ratio was from the southwest sector and with the minimum one was from
northeast sector. The differences between the maximum and the minimum average mixing ratios in the 16 wind
directions were 0.77x10™'* (2009) and 0.52x107"* (2010). In the different 16 wind directions, the averaged
mixing ratio of CH,CCl, in 2010 was lower than those in 2009 by 1.03 x107°~1.68x10™". (Yao Bo)

2.7 Influence of downward air mass transport on the variability of surface ozone at Xianggelila
regional atmospheric background station, Southwest China

In situ measurements of ozone (O,), carbon monoxide (CO) and meteorological parameters were made
from December 2007 to November 2009 at the Xianggelila regional atmospheric background station (28.006°N,
99.726°E, 3580 m.a.s.), Southwest China. It was found that both O; and CO peaked in spring while the
minima of O; and CO occurred in summer and winter, respectively. A normalized indicator (marked as “Y ™)
on the basis of the monthly normalized O,, CO and water vapor, is proposed to evaluate the occurrence of O,
downward transport from the upper, O;-rich atmosphere. This composite indicator has the advantage of being
less influenced by the seasonal or occasional variations of individual factors. It is shown that the most frequent
and effective transport occurs in winter (accounting for 39% of the cases when Y is larger than 4), which
makes a significant contribution to surface O, at Xianggelila. A 9.6x10 increase (21.0%) of surface ozone is
estimated based on the impact of deep downward transport events in winter. A case of strong O, downward
transport event under the synoptic condition of a deep westerly trough is studied by a combined analysis of
the Y indicator, potential vorticity, total column ozone and trajectory. Asian monsoon plays an important role
in suppressing O, accumulation in summer and fall. The seasonal variation of O, downward transport, as
suggested by the Y indicator at Xianggelila, is consistent with the seasonality of stratosphere-to-troposphere
transport and the subtropical jet stream over the Tibetan Plateau. (Zheng Xiangdong)

2.8 Wintertime peroxyacetyl nitrate (PAN) in the megacity Beijing: The role of photochemical and
meteorological processes

Previous measurements of peroxyacetyl nitrate (PAN) in Asian megacities were scarce and mainly
conducted for relatively short periods in summer. Here, we present an analysis of the measurements of
PAN, O,, NO,, etc. made at an urban site (CMA) in Beijing from 25 January to 22 March 2010. The hourly
concentration of PAN averaged 0.70x107 (0.23x10°-3.51x10") was well correlated with that of NO, but not
0,, indicating that the variations of the winter concentrations of PAN and O, in urban Beijing are decoupled
with each other. Wind conditions and transport of air masses exert very significant impacts on O;, PAN, and
other species. Air masses arriving at the site originated either from the boundary layer over the highly polluted
N-S-W sector or from the free troposphere over the W-N sector. The descending free-tropospheric air was
rich in O,, with an average PAN/O, ratio being smaller than 0.031, while the boundary layer air over the
polluted sector contained higher levels of PAN and primary pollutants, with an average PAN/O; ratio being 0.11.
These facts related with transport conditions can well explain the observed PAN-O, decoupling. Photochemical
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production is important to PAN in the winter over Beijing. The concentration of the peroxyacetyl (PA)
radical was estimated to be in the range of 0.0014x107°-0.0042x10™"*. The contributions of reaction from the
formation and thermal decomposition to PAN’s variation were calculated and found to be significant even in
the colder period in air over Beijing, with the production exceeding the decomposition (Fig. 3). (Xu Xiaobin)

2.9 Changing characteristics of NO, and CO emission at three sites in Beijing and its surrounding
areas

To study the similarity and dissimilarity in the characteristic features of the ambient NO, and CO emission
in different parts of the North China Plain (NCP), we observed the mixing ratios of CO and NO; in the surface
layer air at three sites in the NCP, which are over 100 km apart from each other and in the prevailing SW—
NE wind directions. The three sites are China’s Meteorological Administration (CMA), the Shangdianzi
station (SDZ), and the Gucheng station (GCH), representing typically the urban area of Beijing, the regional
background area of the NCP, and the rather seriously polluted rural area in North China, respectively. The
results of our investigation show that from June 2008 to May 2009, the annual average concentration of NO,
at CMA, GCH, and SDZ were (42.4+21.8)x107, (26.9£15.2)x10”, and (13.8+5.5)x10”, respectively, and those
of CO were (1.13£0.37)x10°°, (1.11£0.62)x10™, and (0.67+0.17)x107°, respectively. At CMA and GCH, the
monthly average concentrations of NO, and CO reached the corresponding maximum in winter and minimum
in summer, whereas the highest monthly average concentration of CO at SDZ was observed in June
(1.03x107%). The concentrations of NO, at CMA, GCH, and SDZ turned to be 3.4, 3.6, and 1.8 times higher in
winter than those in summer, respectively. The concentrations of CO at CMA, GCH, and SDZ were 1.8, 2.9,
and 0.8 times higher in winter than in summer, respectively. The average diurnal variations indicated that the
CO and NO, concentrations of SDZ decreased to their minimum around noon, about 3—4 h earlier than those of
GCH and CMA, and then increased gradually till evening, in response to the impact of transported pollutants
on the gas concentrations of SDZ. The above dissimilarities in the diurnal variations can probably account for
the different effects of emission sources and the air-mass transport on the concentrations of pollutants at the
three sites. The time series of the daily average CO and NO, concentrations show great similarities among the
sites, revealing that the characteristic features were influenced by the common regional pollution and similar
meteorological conditions. The observation data we have gained indicate fairly high CO level in the North
China Plain in summer, which was probably caused by the outdoor combustion of wheat straw in large amount
(Fig. 4). (Xu Xiaobin)

2.10 Characteristics of CO at Lin’an Station in Zhejiang Province

Background CO mole fractions were continuously measured at Lian’an background station in Zhejiang
Province from September 2010 to February 2012 with Cavity Ring Down Spectroscopy (CRDS) system used.
The diurnal variation of CO was strongly influenced by anthropogenic activities with two peaks occurring at
07:00-10:00 and 19:00-20:00 (Local time). The average daily mole fraction and amplitude in summer were
the lowest among the four seasons with values being (314.3+£7.6)x10~ (mole fraction, the same below) and
(50.1£47.9)x107°, respectively. The seasonal variations displayed peak values during winter-spring period
and valley in summer, which was roughly consistent with those observed variations at other sites located in
the Northern hemisphere such as Jungfraujoch in Switzerland and Waliguan in China. However, the average
mole fractions were much higher than other stations. The amplitude of monthly CO mole fractions was
(286.8+19.2)x10". The analysis of cluster to backward trajectories and surface wind influence might suggest
that the non-background CO mole fractions at Lin’an station were mainly affected by the emissions from the
megacities and industrial areas in the N-NNE-ENE sectors. The maximum enhancements in spring, summer
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and winter all occurred in ENE sector, with a maximum value being (106.3£58.0)x10™ in winter. (Fang
Shuangxi)

2.11 Seasonal variation of ammonia and ammonium aerosol at a background station in the Yangtze
River Delta region, China

The measurement of atmospheric NH; was conducted by means of passive samplers from September
2009 to December 2010 at Lin’an regional background station located in the economically booming Yangtze
River Delta (YRD) region in East China. NH," in fine particles was also measured in 2010 at this site. The
NH, concentration ranged from 0.1x107 to 41.8x10™, with the annual average being (16.5+11.2)x10 in
2010. The daily NH," concentrations ranged from 0.02 to 19.2 pg m™, with an annual average of (4.3%3.5)
ug m™. NH, concentrations were highest in summer and lowest in winter, showing positive correlations with
agricultural activities and temperature. The highest concentrations of NH,  were in autumn coinciding with
the period of active open burning of agricultural residues. The mean mass ratio of NH;/NH, is estimated to be
(0.840.1) during 2010, indicating that NH, was mainly influenced by local sources around Lin’an. The air mass
back trajectory analysis suggests that both local sources and long-distance transport play an important role in
the observed ammonium aerosol at Lin’an station. High NH, deposition in this regional background station
suggests the urgency of reducing NH; emission in the YRD region. (Meng Zhaoyang)

2.12 Variability, formation and acidity of water-soluble ions in PM, 5 in Beijing

Daily PM, 5 and hourly water-soluble inorganic ions in PM,; and gaseous precursors were measured
during June—November 2009 at an urban site in Beijing. The average mass concentration of the total water-
soluble ions was 44 pg m™, accounting for 38% of PM, 5. Sulfate (SO,”), nitrate (NO;") and ammonium (NH,")
were dominant ions. The summer-fall difference in seasonal average mass concentrations was smaller than
30% for SO,”, but was up to a factor of 2.0 for NO,” and NH,". A pronounced diurnal cycle was found for
most ions and gaseous precursors and could be explained by their respective sources, formation mechanisms
and meteorological conditions. The average oxidation/conversion ratios for SO, (SOR), NO,™ (NOR) and
NH," (NHR) were estimated to be 63%, 15% and 15%, respectively. The low NHR value suggests that NH,
was mainly from local sources, the excessive existence of which thus was not a limiting factor in the formation
of NH,". As a result, the diurnal pattern of NH," was similar to that of SO,” to some extent, but differed
significantly from that of NH;. Based on the estimated H™ concentration and acidity purity (f), 75% of data
samples were strongly acidic and a few percentages might be alkaline. Seasonal variations in aerosol acidity
and chemical forms of major ions were also briefly discussed. (Zhang Yangmei)

2.13 Chemical composition and mass size distribution of PM, at an elevated site in central east
China

Size-resolved aerosol chemical compositions were measured continuously for 1.5 year from June 2010
to January 2012 with an aerosol mass spectrometer (AMS) to characterize the mass and size distributions
(MSDs) of major chemical components in submicron particles (approximately PM,) at Mountain Tai (Mt.
Tai), an elevated site in central east China. The annual mean mass concentrations of organic, sulfate, nitrate,
ammonium, and chloride were 11.2, 9.2, 7.2, 5.8, and 0.95 ug m™, respectively, which are much higher than
those at most mountain sites in the USA and Europe, but lower than those at the near-surface urban sites in
China. A clear seasonality was observed for all major components throughout the study, with low concentration
in fall and high in summer, which is believed to be caused by seasonal variations in planetary boundary layer
(PBL) height, near surface pollutant concentrations and regional transport processes. Air masses were classified
into categories impacted by PBL, lower free troposphere (LFT), new particle formation (NPF), in-cloud
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processes, and polluted aerosols. Organics dominated the PM, mass during the NPF episodes, while sulfate
contributed most to PM, in cloud events. The average MSDs of particles between 30 and 1000 nm during the
entire study for organics, sulfate, nitrate, and ammonium were approximately log-normal with mass median
diameters (MMDs) of 539, 585, 542, and 545 nm, respectively. These values are slightly larger than those
observed at ground sites within the North China Plain (NCP), likely due to the relative aged and well-mixed
aerosol masses at Mt. Tai. There were no obvious differences in MMDs during the PBL, LFT, in-cloud and
polluted episodes, but smaller MMDs, especially for organics, were observed during the NPF events. During
the PBL, NPF, and polluted episodes, organics accounted for major proportions at smaller modes, and reached
70% at 100-200 nm particles in the polluted events. In cloud episodes, inorganics contributed 70% to the
whole size range dominated by sulfate, which contributed 40% to small particles (100—200 nm), while organics
occupied 20%, indicating that sulfate is a critical chemical component in cloud formation. Seven clusters of
air masses were classified based on 72 h back-trajectory analysis. The majority of the regionally dispersed
aerosols were found to be contributed from short distance mixed aerosols, mostly originating from the south
with organics and sulfate as major components. Air masses from long range transport always brought clean and
dry aerosols which resulted in low concentrations at Mt. Tai. AMS-PMF (positive matrix factorization) was
employed to resolve organics into subtype. Oxygenic organics aerosols (OAs) occupied 49%, 56%, 51%, and
41% of OAs in the four seasons respectively, demonstrating that most OAs were oxidized in summer due to
strong photochemical reactions. Biomass burning OAs (BBOAs) accounted for 34% of OA in summer, which
was mainly from field burning of agricultural residues, and coal combustion OAs (CCOAs) accounted for 22%
of OA in winter, which was from heating. (Zhang Yangmei)

2.14 Characterization of chemical components of aerosol particles in various regions over China

In order to obtain the overall chemical “picture” of the aerosol pollution in various regions of China
and discuss the further direction in pollution control, we need to assess and evaluate the concentration level,
chemical composition and pollution sources region-by-region in China. Features of the chemical aerosol
particles in China have been obtained, based on the analysis of six major chemical components (sulfate, nitrate,
ammonium, mineral aerosol, organic and elemental carbon) from ground-based observation, all of which have
undergone at least one-year-long measurement. The four most hazy regions out of the nine with characteristics
of synchronous changes in visibility within China are also identified in areas like the region to the south of
Beijing (also called the Hua Bei Plain and Guanzhong Plain); mostly the East China region with Yangtze River
Delta; the South China region focused on the Pearl River Delta; and also the region of Sichuan Basin. Of the
total mass of PM,, in China, three major components account for ~20%-38% for mineral aerosol, ~14%-24%
for sulfate, and ~11%-18% for organic carbon.

The heaviest aerosol pollution was found in the Hua Bei and Guanzhong Plain regions, with the annual
mean concentrations being 35-47 pg m™ of sulfate (much higher than the 13 to 18 pg m™ of urban Beijing),
28-45 ug m™ of organic carbon (about 1.8 factors higher than 19-22 ug m™ of Beijing), 19-22 ug m™ for
nitrate (2 times higher than 9.9-12 pg m™ of Beijing), 14—16 pg m™ for ammonium (still one factor higher
than the 6.2-8.4 pg m™ of Beijing mean concentration), and the 9.1-12 ug m™ of elemental carbon which
was similar to the level of Beijing. More than 50% mass of nitrate and organic carbon is attributable to coal-
combustion, and the agricultural activity is the most important source for ammonium.

In the urban areas of East, South and Northeast China, the concentration levels of aerosol chemical
components were similar to that in Beijing, but in urban areas of the Sichuan Basin, the annual mean
concentrations were higher than that in Beijing, exhibiting heavy aerosol pollution there. In Lanzhou of
Northwest China, the urban concentrations of aerosol chemical components were also similar to that in Beijing,
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except for much lower concentration in elemental carbon and slightly higher concentration of nitrate observed.
In the remote desert area of Northwest China, the chemical concentrations of aerosol particles were far lower
than that in Beijing, so were in the Tibetan and Yunnan-Guizhou Plateaus.

Coal-combustion, motor vehicle, urban fugitive dust and agricultural activities are found to be the
four major pollution sources according to the aerosol chemical composition analysis made in different
regions. Therefore, the future control of atmospheric aerosol pollutants should be directed to the following:
strengthening coal desulfurization in addition to the power generation industry, further reducing coal produced
emissions of NO,, organic carbon and its precursor gases, and effectively reducing ammonia emissions from
agricultural activity, and effectively limiting the formation of secondary aerosol, especially sulfate and nitrate.

(Zhang Xiaoye)
2.15 Characteristics of PM,, and its chemical components at Mount Tai

In order to better understand the chemical components and their variations of background aerosols in the
North China Plain, 64 PM,, samples were collected on the top of Mount Tai from June 2010 to July 2011. The
mass concentration and seasonal variations of PM,, as well as its nine water soluble irons, organic carbon (OC)
and elemental carbon (EC) have been analyzed. The correlation analysis of various chemical components has
also been performed. The annual average mass concentration of PM,, is 68.4 ug m™, of which inorganic salt
accounts for 64.8%, carbon aerosol for 17.4%. The mass concentration of inorganic salt increases gradually
from the Spring Festival, reaches its peak in summer, then decreases in autumn and comes to the lowest in
winter. The mass concentration of OC increases from the Spring Festival to autumn and reaches the minima
in winter. Similar pattern has been found in the mass concentration of EC; however, the concentrations of EC
between summer and autumn are much smaller in difference. The ratio of secondary organic carbon (SOC) to
OC is above 50% for all seasons with an annual average of 58.5%. A back trajectory analysis shows that when
Mount Tai is mainly influenced by air masses from the south and megacities, mass concentrations of PM,, and
its components are high; while it is mainly influenced by air masses from the Northwest China through long
distance transport, the mass concentrations of PM,, and its components are much lower. (Wang Yaqiang)

2.16 The characteristics of particle number size distribution under typical meteorological conditions
at Shangdianzi regional station in Beijing

By using the instruments of Twin Differential Mobility Particle Sizer (TDMPS) system and an
Aerodynamic Particle Sizer, measurements of particle number size distribution (PNSD) in the range of 3
nm—10 pm were performed at Shangdianzi regional station. Based on the dataset in 2008, the characteristics
of particle number size distribution at different meteorological conditions such as dust storm, new particle
formation event and fog-haze day were investigated. On the dust storm day, the air mass originated from the
northwest, with high wind speed. The coarse particle number concentration increased sharply and PM,, mass
concentration could reach up to milligrams per cubic meter. A typical “banana shape” new particle formation
event occurred when the atmosphere background was quite dry, clean and clear, with the air mass coming
from the northeast. The nucleation mode particle could grow significantly in size to around 80 nm, which has
the potential to be activated as cloud condensation nuclei. The fog-haze day usually occurred when southwest
air mass arrived, with the meteorological conditions being of high humidity. The conditions favored the fine
particles (<1 pum) for accumulation. The case study showed the PNSD on haze-fog day was dominated by the
accumulation mode and higher number concentration than on a haze-fog free day. The mass concentration of
PM, ; could increase by 10 times on a haze-fog day, which is mainly contributed by fine particles. On fog-haze
days, the accumulation mode particles of high number concentration were mainly transported from the urban
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area. Thus the study of PNSD at rural sites could also provide information for the analysis of the complex
emission sources in urban areas. (Shen Xiaojing)

2.17 Column aerosol optical properties and aerosol radiative forcing during a serious haze-fog
month over North China Plain in 2013 based on ground-based sunphotometer measurements

In January 2013, North China Plain experienced several serious haze events. Cimel sunphotometer
measurements at seven sites over rural, suburban and urban regions of North China Plain from 1 to 30 January
2013 were used to further our understanding of spatial-temporal variation of aerosol optical parameters and
aerosol radiative forcing (ARF). It is found that Aerosol Optical Depth at 500 nm (AODjs,,,) during non-
pollution periods at all stations was lower than 0.30 and increased significantly to greater than 1.00 as pollution
events developed. The Angstrom exponent (Alpha) was larger than 0.80 for all stations most of the time.
AODy,, averages increased from north to south during both polluted and non-polluted periods at the three
urban sites in Beijing. The fine mode AOD during pollution periods is about a factor of 2.5 times larger than
that during the non-pollution period at urban sites but a factor of 5.0 at suburban and rural sites. The fine mode
fraction of AODg;s,., Wwas higher than 80% for all sites during January 2013. The absorption AODgs,,,, at rural
sites was only about 0.01 during pollution periods, while 0.03—-0.07 and 0.01-0.03 during pollution and non-
pollution periods at other sites, respectively. Single scattering albedo varied between 0.87 and 0.95 during
January 2013 over North China Plain. The size distribution showed an obvious tri-peak pattern during the most
serious period. The fine mode effective radius in the pollution period was 0.01-0.08 um, which was larger than
that during non-pollution periods, while the coarse mode radius in pollution periods was 0.06—0.38 um, which
was less than that during non-pollution periods. The total, fine and coarse mode particle volumes varied by
0.06-0.34 pm’, 0.03-0.23 pm’, and 0.03-0.10 um’, respectively, throughout January 2013. During the most
intense period (1-16 January), ARF at the surface exceeded =50 W m™, =180 W m™, and —200 W m™ at rural,
suburban, and urban sites, respectively. The ARF readings at the top of the atmosphere were approximately
—30 W m™ in rural and —40-60 W m™ in urban areas. Positive ARF at the top of the atmosphere at the Huimin
suburban site was found to be different from others as a result of the high surface albedo due to snow cover. (Che
Huizheng)

2.18 A study of the meteorological causes of a prolonged and severe haze episode in January 2013
over central-eastern China

This paper employs meteorological observation data from surface and high-balloon stations, China
Meteorological Administration (CMA) model T639 output data, NCEP reanalysis data, PM, 5 observations and
modeled HYSPLIT4 trajectory results to study the meteorological causes, including large-scale circulation
and planetary boundary layer features, which led to the extended haze episode on January 6-16, 2013 in
central-eastern China. It discusses the possible impact of pollutants transported from southern Hebei Province
on Beijing. The results show that: (1) the re-adjustment of atmospheric circulation from a longitudinal to
a latitudinal model provides a valuable interpretation of the large-scale circulation background to the haze
episode experienced in the metropolitan regions of Beijing, Tianjin, Hebei and their surrounding regions; (2)
the regional atmospheric stratification of the planetary boundary layer is stable and the mixing height is low,
suppressing air turbulence in the planetary boundary layer and providing favorable meteorological conditions
for the formation of haze; and (3) the southwesterly jet stream with wind speeds of 6-11 m s™ at a height
of 850-950 hPa and the below-700 m air mass trajectory tracking established using the HYSPLIT4 model
interdependently suggest a transport of pollutants from southern Hebei Province to Beijing at 850-950 hPa.
(Wang Hong)
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2.19 Aerosol optical properties under the condition of heavy haze over an urban site in Beijing,
China

In January 2013, several serious haze pollution events happened in North China. Cimel sunphotometer
measurements at an urban site in Beijing (Chinese Academy of Meteorological Sciences—CAMS) from 1 to
30 January 2013 were used to investigate the detailed variation of aerosol optical properties. It is found that
Angstrom exponents were mostly larger than 0.80 when aerosol optical depth values were higher than 0.60
in the urban region of Beijing during January 2013. The aerosol optical depth (AOD) in the urban region of
Beijing remained steady at approximately 0.40 before the haze happened and then increased sharply to more
than 1.50 at 500 nm with the onset of haze, which suggests that the fine mode AOD is a factor of 20 of the
coarse-mode AOD during a serious haze pollution event. The single scattering albedo was approximately
0.90+0.03 at 440, 675, 870 and 1020 nm during the haze pollution period. The single scattering albedo at
440 nm as a function of the fine-mode fraction was relatively consistent, but it was highly variable at 675,
870 and 1020 nm. Except on January 12 and 18, all the fine-mode particle volumes were larger than those of
coarse particles, which suggested that fine particles from anthropogenic activities made up most of the haze.
An analysis of aerosol type classification showed that the dominant aerosol types can be classified as “mixed”
and “urban/industrial (U/I) and biomass burning (BB)” categories during the heavy haze period of Beijing in
January 2013. The mixed category occurrence was about 31%, while the U/l and BB was about 69%. (Che
Huizheng)

2.20 Aerosol optical properties retrieved from a Prede skyradiometer over an urban site in Beijing,
China

SKYNET is an international research network of ground-based Prede sky radiometers for the observation
and monitoring of aerosol-cloud-radiation interactions in the atmosphere. The algorithm developed by
SKYNET is SKYRAD.pack, which can be used to process the measurement data by Prede instruments. In this
study, the latest SKYRAD.pack software (Version 5.0) has been used to retrieve the aerosol optical properties
measured by a SKYNET Prede sky radiometer over an urban site in Beijing, China. Continuous data have been
processed over a two-year period, and inversion products, including aerosol optical depth (AOD), Angstrom
exponent (a), volumes of different aerosol particle size distributions, and single-scattering albedos (SSA),
have been analyzed. AOD values were found to vary from 0.11 (5th percentile) to 1.14 (95th percentile) with
a median of 0.34 at 500 nm, and the maximum and minimum seasonal ¢ values in Beijing were 1.054+0.36 in
summer and 0.8240.39 in spring. SSA values are higher in summer and spring with a similar value of 0.96+0.03,
but lower in winter with a value of 0.93+0.04 at 500 nm. Aerosol particles in Beijing clearly demonstrated
bimodal size distributions throughout the year: there were coarser particles in spring and finer particles in
summer. The a values increased with AOD, indicating that fine particles play an important role in the optical
properties of aerosols in Beijing. Dust type aerosol occurrence accounted for 4.1%, 5.1%, 0.5%, and 1.2%
of all measurements data in spring, summer, autumn, and winter, respectively, according to the dust criteria
threshold (a0 < 0.47 and SSA 400 im—SSA 420 nm < 0.018). (Che Huizheng)

2.21 A multi-source observation study of the severe prolonged regional haze episode over eastern
China in January 2013

By employing visibility observation of PM,,, SO, and NO, concentration, MODIS AOD at 550 nm,
CARSNET AOD at 440 nm, and CALIPSO extinction coefficient at 532 nm, we studied the air pollution
condition of a severe haze episode occurring on 616 January 2013 over eastern China. It is found that this

severe pollution episode of large area haze was accompanied with low visibility, high PM,, and AOD in
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eastern China. The most polluted regions are the Jing-Jin-Ji and its closely neighboring ones including central
and southern Hebei, western Shandong and northern Henan provinces. The haze pollutants were spread to the
offshore area of from 125°E to the east of China, and even affected the whole ocean surface to the west of
140°E. The PM,, variation trend shows a strong linkage among the big cities in Jing-Jin-Ji, and their closely
surrounding cities, indicating the possible inter-transport of pollutants among them. The suburban areas of
megacities suffered the similar serious pollution to the urban regions during this severe haze episode. Most
aerosol pollutants concentrated in boundary layers of below 1500 m vertical height, in particular, the vertical
heights of 100-800 m above the ground which are most intensive. (Wang Hong)

2.22 Column-integrated aerosol optical and physical properties at a regional background
atmosphere in North China Plain

The AERONET level 2.0 data at Xinglong station from February 2006 to July 2011 were used to
characterize the aerosol optical and physical properties, including temporal variability, acrosol absorption,
classification and properties under dust and haze conditions. The annual mean aerosol optical depth (AOD)
and extinction Angstrom exponent (EAE) are 0.28+0.30 and 1.07+0.38, respectively. The seasonal variations
of AOD,y,, are higher in spring (0.40+0.3) and summer (0.40+0.42) than in autumn (0.20+£0.22) and winter
(0.19+£0.21). The EAE is low in spring (0.96+0.43) and high in summer (1.22+0.38). The EAE is ~1.25 with an
absorption Angstrom exponent (AAE) of ~1.0—1.5 at Xinglong station, which indicates that the dominant type
is mixed aerosol (accounting for 88.2% at AAE > 1.0). Almost all of the dust observations occurred in spring.
The volume concentrations of both fine and coarse mode particles increase with increasing AOD. In spring, the
increase of coarse particles is greater than that of fine aerosols; however, the reverse phenomenon is observed
for other seasons. The high AOD at Xinglong station could be associated with the growth of fine mode aerosols
and the addition of coarse mode particles. This background station is not only impacted by dust aerosols from
northwest China and south Mongolia but also influenced by long-range transport of anthropogenic aerosols
from southern urban and industrial regions. The mean AOD was 1.49 on the dust day, while AOD was 1.10 on
the haze day. The mean EAEs were 0.09 and 1.43 on dust and haze days, respectively. (Che Huizheng)

2.23 Dust aerosol drives upward trend of surface solar radiation during 1980-2009 in the
Taklimakan Desert

Long-term trend of surface solar radiation (SSR) in the Taklimakan Desert (TD) during 1980-2009 and
its relationship with total cloud cover (TCC), low cloud cover (LCC), water vapor content (WVC) and aerosol
optical depth (AOD) were investigated. Annual mean SSR has increased by 1.21 W m™ decade™. Upward SSR
trends were observed in seasons except winter. TCC, LCC and WVC have increased while, however, AOD and
occurrences of severe dust storms have decreased, which indicates that it is dust aerosol rather than cloud cover
and water vapor drive long-term upward trend of SSR in the TD. (Che Huizheng)

2.24 Study of aerosol optical properties based on ground measurements over Sichuan Basin, China

The characteristics of aerosol optical depth (AOD) and Angstrém exponent as well as the relationship
between the AOD and particulate matter (PM,,), were measured and analyzed at the Chengdu station over the
Sichuan Basin in China from February 2007 to December 2009. High monthly AODs were observed in March,
August and December, while a low value was observed in October. Monthly variations in Angstrém exponent
were opposite to that of AODs in March and August. The averaged PM,, showed a significantly seasonal
variation with a peak in winter. There is a complicated (not linear) positive correlation between total AOD and
near-surface PM,,. Three typical cases under the conditions of dust and haze were studied, and the results show
that the AODs on the dust days were largest while minimum AODs occurred on haze days. On the contrast, the
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Angstrom exponent distributions among three weather conditions were opposite to that of AODs. The 3-day
back-trajectory analysis indicates that the origin of the air masses largely affects the aerosol optical properties
over the Sichuan Basin. (Che Huizheng)

2.25 Analysis of global distribution characteristics of cloud microphysical and optical properties
based on the CloudSat data

The global distribution and seasonal variation of the cloud physical characteristics (including the cloud
liquid and ice water content, liquid and ice water path, the effective radius, etc.) and cloud optical parameters (the
cloud optical depth, etc.) were analyzed with the CloudSat 2B data from January 2007 to December 2010. The
results show that the distribution of ice water paths is mainly over the North America, South America, Africa,
Australia and the South Asia, as well as the Pacific, Atlantic and Indian Ocean, with the highest values reaching
600 g m™ or more. In the vertical direction, the high values of ice water content are located near the height of 8
km over the equatorial regions and from 4 to 8 km over the middle latitude regions. The high values of liquid
water paths are located over the Pacific Ocean, the Indian Ocean and the mid and low latitudes of Atlantic. In
the vertical direction, the value of liquid water content decreases with height. The ice effective radius reaches
its maximum of over 200 um near the surface at high latitudes, while having a maximum of over 80 pm at the
height of 4-8 km in the equatorial region and at the height of 2—4 km in the mid-latitude. The liquid effective
radius is large at the boundary layer under 1 km, with a value of over 12 um. The total cloud optical depth is
below 40 around the globe, with largest values located in the vast middle and high latitudes as well as over the
oceans off the west coasts of low-latitude continents. Large cloud optical depths are concentrated below the
boundary layer. The distribution of the cloud optical depth is closely linked to cloud amount, which is in good
spatial accordance with the former, and also to cloud water content, and cloud effective radius. (Wang Zhili)

2.26 Validation of Aura Microwave Limb Sounder (MLS) water vapor and ozone profiles over the
Tibetan Plateau and its adjacent region during boreal summer

We present validation studies of MLS V2.2 and V3.3 water vapor (WV) and ozone profiles over the
Tibetan Plateau (Naqu and Lhasa) and its adjacent region (Tengchong) respectively by using the balloon-borne
Cryogenic Frost point Hygrometer and Electrochemical Concentration Cell ozonesonde. Coincident in situ
measurements were selected to compare the MLS V2.2 and V3.3 WV and ozone profiles for understanding the
applicability of the two version MLS products over the region. MLS V2.2 and V3.3 WV profiles respectively
show their differences within (2.2+15.7) % (n=74) and (0.3£14.9) % (n=75) in the stratosphere at and above
82.5 hPa. Accordingly, at 100 hPa, the altitude approaching the troposphere height, differences are within
(9.8 46.0) % (n=18) and (23.0+45.8) % (n=17), and they are within (21.5£90.6)% (n=104) and (6.0+83.4)%
(n=99) in upper troposphere. The differences of MLS ozone are within (-11.7£16.3) % (n=135, V2.2) and
(15.6£24.2) % (n=305, V3.3) at and above 82.5 hPa. At 100 hPa, they are within (-3.5£54.4) % (n=27) and
(-8.7441.6) % (n=38), and within (18.0+£79.1) % (n=47) and (34.2£76.6) % (rn=160) in the upper troposphere.
The relative difference of MLS WV and ozone profile is significant in oscillation and scattering at upper
troposphere and lower stratosphere partly due to the stronger gradients of WV and ozone concentrations here
as well as the linear interpolation of sounding data for the inter-comparison. At and below 70 hPa, the relative
differences of MLS ozone are significantly larger over Lhasa during the Tibetan Plateau “ozone valley” season,
which is also the Asian summer monsoon period. The MLS ozone differences over the three sites are similar in
their vertical distributions during that period. A simple linear correlation analysis between MLS and sounding
profiles indicates that the sensitivity of MLS profile products is related to concentrations at each pressure level.
The MLS V3.3 product sensitivity is slightly improved for WV at and above 82.5 hPa, whereas it is not for
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ozone. The possible factors contributing to the differences of the MLS profile products of WV and ozone are
discussed. (Zheng Xiangdong)

3 Model development and implementation, the impacts of atmospheric compositions
on climate, weather, and human health

3.1 Air quality forecasts and assessment of control measures during APEC

With the climate forecasting results and the CMA operational air quality (AQ) forecast model CUACE,
the AQ trends and detailed forecasts were carried out. One month before the APEC, we provided the day to day
variation trend for the APEC period to capture the main pollution episodes. Ten days before the APEC, high
resolution forecasts were obtained for the proper Beijing and the APEC meeting venue in Huairou district. With
the same CUACE model and observational results, the impacts of pollution reduction control measures were
also assessed. It is shown that the control measures had reduced the PM, 5 by 35% and NO, by 33% in Beijing
City, contributing to the “APEC Blue”. It is found that the local contribution by Beijing City to the overall
control impacts was 83%—-89%, where the outside contribution was only 11%—17%, due to the weak southerly
winds during the APEC period. Spatially, the most efficient control measures were those taken within a circle
of 300 km around Beijing and the contribution of vehicle control measures outside Beijing was not significant.
The reduction at the point sources outside Beijing contributed about 9% of the reduced PM, 5 in Beijing. (Gong
Shanling, Liu Hongli)

3.2 Improvement of cloud microphysics in the aerosol-climate model BCC_AGCM2.0.1_CUACE/
Aero, evaluation against observations, and updated aerosol indirect effect

A two-moment cloud microphysical scheme, which predicts both the mass and number concentrations of
cloud droplets and ice crystals, is implemented into the aerosol-climate model BCC_AGCM2.0.1 CUACE/
Aero. The model results for aerosols, cloud properties, and meteorological fields are evaluated, and the
anthropogenic aerosol indirect effect (AIE) is estimated. The new model simulates more realistic aerosol
mass concentrations and optical depth as compared with the former version using a one-moment bulk cloud
microphysical scheme. The global annual mean column cloud droplet number concentration (CDNC) from the
new model is 3.3x10' m™, which is comparable to the 4.0x10'° m™ from satellite retrieval. The global annual
mean cloud droplet effective radius at the cloud top from the new model is 8.1 um, which is smaller than the
10.5 pm from observation. The simulated liquid water path (LWP) in the new model is significantly lower than
that in the former model. In particular, the annual mean LWP is lower in the new model by more than 100 g
m™ in some mid latitude regions, hence more consistent with satellite retrievals. Cloud radiative forcing and
precipitation are improved to some extent in the new model. The global annual mean radiation budget at the
top of the atmosphere is 0.6 W m™, which is considerably different from the value of 1.8 W m™ in the former
model. The global annual mean anthropogenic AIE is estimated to be -1.9 W m™ without a lower bound of
CDNC being imposed, whereas it is reduced significantly when a higher lower bound of CDNC is prescribed.
(Wang Zhili)

3.3 Primary assessment of the simulated climatic state by a coupled aerosol-climate model BCC _
AGCM2.0.1_CAM

With the coupled model system of the second generation Global Circulation Model of the National
Climate Center (BCC_AGCM2.0.1) and Canadian Aerosol Model (CAM), the simulation of five typical
aerosols (sulfate, black carbon, organic carbon, soil dust, and sea salt) and possible effects on the modeled
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climate are discussed. The results show that in general, the coupled system simulates the five aerosols
reasonably well, and there are obvious improvements in that for sulfate, dust, and sea salt aerosols compared
to the original monthly mean aerosol data used in BCC_AGCM2.0.1. The climatic statistics simulated by the
coupled system mainly agree well with observational/reanalyzed data, and are a little better than the monthly
mean aerosol data in terms of the total cloud amount, land surface temperature, and precipitation. The enhanced
representation of dust and sea salt improves the simulation of net solar radiation at the top of the atmosphere in
the Sahara Desert and mid-latitude ocean in the Southern Hemisphere, which directly affects the land surface
temperature. The cloud feedback above the tropical ocean caused by the change in an aerosol scheme not only

alters radiation but also markedly influences precipitation. (Wang Zhili)
3.4 Effects of emission-sources reduction at different time points on PM, 5 concentration over Beijing

The Model-3 Community Multi-scale Air Quality (CMAQ) modeling system with a high resolution
inventory data over Beijing-Tianjin-Hebei area was used to investigate the effects on PM, 5 concentrations over
Beijing of emission-sources reduction, the rates of which were the same but the 5 time points of which were
different: 4 days, 3 days, 2 days, 1 day and 0 day in advance of the most polluted day. Simulations were made
for a representative air pollution episode (Feb 7th—16th, 2012), in which Feb 13th was found to be the most
polluted day. The results show that the PM, 5 concentration was likely to decline more significantly if emission-
sources reduction measures were taken before the most polluted day than were taken on the most polluted
day. In addition, the earlier emission-sources reduction measures were taken, the more significantly the PM, 4
concentration would decline. Reducing emission-sources 1 day, 2 days, 3 days ahead of the most polluted day
led to the reduction of the peak value of PM,; concentration at the Haidian station by 23%, 31%, and 39%,
and in urban Beijing by 22%, 30%, and 38%, respectively. However, as the number of days ahead of the most
polluted day (Feb 13th) to take reduction measures increased further, the additional decrease of the peak PM, s
concentration became smaller, thus the emission-sources reduction became less effective. The peak PM, g
concentration would decrease by 40% and 39% at Haidian station and urban Beijing if the reduction measures
were taken 4 days before the most polluted day, which shows almost no improvement compared with those
taken 3 days in advance. Similar results were obtained from simulations for another pollution episode (Jan
11th—20th, 2012). For controlling severe air pollution, both reduction costs and benefits should be considered.
Our study indicates that the most effective way of emission-sources reduction is to take reduction actions 2—3
days ahead of a possible severe pollution event, the timing of which can be obtained from meteorological
condition prediction. In this way, a substantial decrease of the peak PM, s concentration can be achieved with
less cost for implementing the reduction measures. (An Xingqin)

3.5 Research on the application of the NASA/Goddard Long-Wave Radiative Scheme to the
GRAPES_Meso model

The National Aeronautics and Space Administration (NASA)/Goddard Long-Wave Radiative Scheme is
integrated into the Global/Regional Assimilation and Prediction System Mesoscale (GRAPES-Meso) model in
this study. One month of simulation experiments conducted in China and its nearby areas are compared with
the corresponding National Centers for Environmental Prediction (NCEP) reanalysis data recorded in April
2006. The results show that the distribution of the clear-sky outgoing long wave radiation flux (OLRC) at the
top of atmosphere and downward long wave radiation flux at ground (GLWC) of 24-h and 48-h forecasts by
using the GRAPES Meso model are in good agreement with the NCEP reanalysis data. The monthly average
percentage error of the OLRC of these forecasts is within -10% and 10%. Although the monthly average
percentage error of the GLWC is slightly larger than that of the OLRC, both are within a reasonable and
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acceptable range. The comparison study of the daily averaged anomaly correlation coefficient and standard
error of these fluxes of the two forecasts show that the monthly averaged anomaly correlation coefficients of
the OLRC and the GLWC of the 24-h forecast are 0.96 and 0.98 respectively, and that the monthly averaged
standard errors are 24.54 W m™ and 27.23 W m™ respectively. Those of the OLRC and the GLWC of the 48-h
forecast are 0.95 and 0.98 and 22.43 Wm™ and 27.64 W m™ respectively. Overall, the daily averaged anomaly
correlation coefficients of the OLRC and the GLWC of both 24-h and 48-h forecasts are above 0.93, and the
daily standard error is within 31 W m™. Moreover, the correlation of the GLWC and the NCEP reanalysis
data is stronger than that of the OLRC, whereas the standard error of the OLRC and the NCEP reanalysis data
is smaller than that of the GLWC. A comparison of the long wave radiative schemes of the rapid radiative
transfer (RRTM) and the NASA/Goddard models reveals that the forecasting by the two schemes is essentially
identical. The results of OLRC and the GLWC show that NASA/Goddard long wave radiative scheme may be
appropriate for application to the GRAPES Meso model. (Wang Hong)

3.6 Direct effect of tropospheric aerosols on stratospheric climate

Satellite data are used to be compared with WACCM-3 model results. It is found that model results
have a very good consistency with satellite data in such areas: central Africa, the Arabian Peninsula, Indian
subcontinent, and most of China; however, in southern central Africa, Caribbean, Europe and the Americas, the
model results are low. In short, model results can well reproduce the global distribution of aerosols, and there
still exist numerical differences in some areas.

Simulation tests indicate that the changes of stratospheric temperature are neither caused by changes of
stratospheric short-wave radiation nor decided by the changes of long-wave radiation. It is not the main reason
of the tropospheric aerosol effect on the stratospheric temperature, the changes of temperature are caused by
dynamic processes, the change of the long wave radiative heating rate is in response to temperature changes.
The stratospheric chemical, dynamic and radiation processes are tightly coupled together. The stratospheric
chemical process is of vital importance to the effect of the tropospheric aerosols on stratospheric climate. The
stratospheric chemical process has different effects in different seasons and different regions. Polar and high-
altitude regions are considered to be mostly affected. In addition, the stratospheric chemical process also has a
great influence to the upper stratosphere.

Planetary wave propagation changes make the stratospheric climate change: Stratospheric temperature,
and wind field. Stratospheric ozone and radiation and dynamic processes are closely linked and influence each
other. The temperature and wind changes then influence the concentration of ozone. Polar and high-altitude
regions are considered to be mostly affected and impact on high southern altitude is greater than that on
high northern altitude. The temperature variation could reach 10 K at most, while zonal wind variation could
reach 12 m s™' and ozone mixing ratio could decline for 0.8 X 10 at most at 20 hPa in the lower Antarctic
stratosphere. In most other areas the temperature change does not exceed 1 K. (Liu Yu)

3.7 Study on impact of city emission and transport on greenhouse gases background observation at
Shangdianzi station, Beijing

In-situ measurements of Carbon dioxide (CO,) and several halogenated greenhouse gases (HFC-
134a, PFC-218 and HCFC-22) were chosen for case study. We did a statistical analysis and calculation of
concentration anomalies and loadings from each wind direction, discussing impact of city emission and
transport on greenhouse gases background observation at Shangdianzi station in different seasons. In the
study period, the ratio of background concentration of CO, was about 21.2%. The difference between non-
background concentration and background concentration was (3.71.3)x10 due to local and city emission and
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transport. Anomalies and loadings of HFC-134a and PFC-218 reflected differences in source characteristics
of these two compounds. The seasonal trend of HCFC-22 was in consistency with the emission pattern of
refrigerant. (Yao Bo)

3.8 Retrieve emission of SFg in China using FLEXPART

SF, is one of long-lived halogenated greenhouse gases and listed as the restricted emission species in
“Kyoto Protocol”. Along with the rapid economic development, SF, emission in China is increasing, which
attracts attention in the world. For the traditional “bottom-up” method for SF, emission estimation, the required
highly accurate and timely updated emission factors and activity data constitute a bottleneck. This paper
presents the results on the estimation of SF, emissions in China for the year 2009 by using the Laprange
particle dispersion model of FLEXPART and based on the in-situ measurement data obtained from the
Shangdianzi regional atomspheric background station (SDZ). The preliminary estimations of SF, emissions
in China for the year 2009 is 1.25x10°(0.53x10°~1.97x10°) t, which is similar to the results reported by
other studies in the literature. Compared to the a-priori emission, the retrieved emission boasts an improved
correlation coefficient which increases from 0.37 to 0.43 and an improved root-mean-square (RMS) which
decreases by 2.64 %. (An Xingqin)

3.9 Satellite observed aerosol effect on warm cloud properties under different meteorological
conditions over eastern China

By taking meteorological conditions into account, this paper studies aerosol indirect effect on summertime
warm clouds over the Yangtze River Delta (YRD) and East China Sea (ECS). The observed aerosol and cloud
data are from MODIS/Aqua Level 2 datasets, and meteorological variables are from NCEP Final Analyses
Operational Global Analysis datasets. To minimize meteorological effect on statistical analyses of aerosol-
warm cloud interaction, several meteorological variables such as cloud top pressure (CTP), relative humidity
(RH), pressure vertical velocity (PVV) and lower tropospheric stability (LTS) are considered in this study.
Results show that cloud droplet radius (CDR) decreases with increasing aerosol optical depth (AOD) over
ECS, while increases with increasing aerosol abundance over YRD. By taking CTP and RH into account,
aerosol effects on cloud fraction (CF) are investigated. When aerosol loading is relatively small, CF is found
to increase more sharply over YRD than over ECS in response to aerosol enhancement regardless of RH
conditions. Therefore, we argue that the horizontal extension of cloud is prone to be driven by aerosol rather
than meteorological conditions. Meanwhile, a joint correlative analysis of AOD-CF and AOD-CTP reveals
that CTP effect on AOD-CF is not significant, indicating CTP makes little contribution to observed AOD-CF
relationship. Constrained by lower LTS and pressure vertical velocity (750 hPa), CDR variation in response
to AOD is analyzed. In general, CDR tends to decrease as aerosol increases over both ECS and YRD under
stable conditions (higher LTS value). In contrast, CDR positively responds to aerosol over land under unstable
conditions. Dynamically, CDR has stronger effects on the ascending motion than on the sinking motion with
the same aerosol loading over both land and ocean. The reason can be partially explained by the phenomenon
that updrafts favor the growth of cloud droplets. Overall, the observed cloud variations can be extremely
difficult to be attributed to aerosol particles alone due to dynamical and thermodynamical processes in cloud
systems. (Guo Jianping)

3.10 Diurnal variation and influential factors of precipitation from surface and satellite measurements
in Tibetan Plateau

Some new features concerning the diurnal variation of precipitation over the Tibetan Plateau (TP)
are revealed from rainfall data acquired by a network of rain gauge stations and estimated by the Climate
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Precipitation Center Morphing (CMORPH) technique during the summer of 2010 and 2011. Maxima in
precipitation amount and frequency are associated with the afternoon-to-evening precipitation regime as
recorded at approximately 60% of the stations in the network. CMORPH data also capture this pattern, but
miss the late morning peak that occurs at some stations. The timing of maximum occurrence agrees well with
the diurnal cycle of synoptic conditions favoring the development of precipitation over this area. There is no
distinct west-to-east propagation of the diurnal cycle, implying that the diurnal cycle is more driven by local
effects than by large-scale circulation. It turns out that the diurnal cycle in precipitation frequency depends
largely on topography and landscape. The geographical transition in precipitation peaking is distinct from hilly
regions (daytime peak) towards lakes and valleys (evening-to-nocturnal peak). Stations located in mountainous
regions (valleys) tend to experience more precipitation in either late morning or early afternoon (late afternoon
or evening). Overall, precipitation amount shows a similar topographic dependence, as does the precipitation
frequency, suggesting that local-scale effects, such as the mountain valley circulation effect, have a great
impact on the diurnal variation in precipitation when large-scale dynamical processes are weak. A possible
mechanism for the non-uniform diurnal cycle of precipitation over the TP is proposed. The major conclusion
is that plateau-scale synoptic systems, as well as local circulation systems caused by the complex topography,
should be taken into account when the diurnal variation in precipitation over the TP is determined. (Guo
Jianping)

3.11 Precipitation and air pollution at mountain and plain stations in North China: Insights gained
from observations and modeling

We analyzed 40-year datasets of daily average visibility (a proxy for surface aerosol concentration) and
hourly precipitation at seven weather stations, including three stations located on the Taihang Mountains
in North China during the summertime. There was no significant trend in summertime total precipitation at
almost all stations. However, light rain decreased, whereas heavy rain increased as visibility decreased over the
period studied. The decrease in light rain was seen in both orographic-forced shallow clouds and meso-scale
stratiform clouds. The consistent trends in observed changes in visibility, precipitation, and orographic factor
appear to be a testimony to the effects of acrosols. The potential impacts of large-scale environmental factors,
such as precipitable water, convective available potential energy, and vertical wind shear, on precipitation were
investigated. No direct link was found. To validate our observational hypothesis about acrosol effects, Weather
Research and Forecasting (WRF) model simulations with spectral-bin microphysics at the cloud-resolving
scale were conducted. Model results confirmed the role of aerosol indirect effects in reducing the light rain
amount and frequency in the mountainous area for both orographic-forced shallow clouds and meso-scale
stratiform clouds and in eliciting a different response in the neighboring plains. The opposite response of light
rain to the increase in pollution when there is no terrain included in the model suggests that orography is likely
a significant factor contributing to the opposite trends in light rain seen in mountainous and plain areas. (Guo
Jianping)

3.12 The transport and deposition of dust and its impact on phytoplankton growth in the Yellow Sea

Observed surface PM,, mass concentrations and weather records, satellite-derived aerosol and ocean
color data, dust simulations, and a backward trajectory analysis were used to investigate a severe dust storm
episode during 19-22 March 2010 and its impact on phytoplankton growth in the Yellow Sea. The observed
PM,, concentrations and weather records show that heavy dust pollution occurred along the transport pathway.
The high MODIS AOD regions were consistent with the simulated high dust emission and deposition ones.
Based on the CALIPSO satellite observations, the high dust aerosol layer was below 2 km above ground,
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indicating the dust transported to the sea was centered within the lower layer. The model simulation estimated
that the total deposition flux over the southern Yellow Sea during 1922 March 2010 was about 1.5 g m .
Consequently, the chlorophyll a concentration was calculated to have increased four-fold. Ten to thirteen days
later, a phytoplankton bloom occurred. The iron deposited by the severe dust episode could have increased
the chlorophyll a concentration in the southern Yellow Sea by 10%—68%. Our results suggest that severe dust
storms containing readily bioavailable nutrients may enhance phytoplankton growth in the southern Yellow
Sea. (Wang Hong)

3.13 Wet deposition of acidifying substances in different regions of China and the rest of East Asia:
Modeling with updated NAQPMS

The traditional way to study Sources-Receptor Relationships (SRRs) of wet deposition is based on
sensitivity simulation, which has weakness in dealing with the non-linear secondary formation pollutants
(e.g. ozone and nitrate). An on-line source tracking method has been developed in the Nested Air Quality
Prediction Modeling System (NAQPMS) coupled with the cloud-process module for the first time. The new
model can not only quantify the total volume of the sulfate, nitrate and ammonium wet deposition with more
accuracy, but also trace these acidic species to their emitted precursors. Compared with previous studies,
our result clearly shows: (1) East China and Central China, which are the two primary export regions, have
15%-30% and 10% effect on wet deposition in other areas, respectively; (2) Besides the above two regions,
the total acid deposition in Southwest and Northeast China has reached or exceeded the critical loads under the
environmental conditions of the two regions (Fig. 5). (Xu Xiaobin)

3.14 Combined effects of 1-nitropyrene and 1,2-naphthoquinone on cytotoxicity and DNA damage
in A549 cells

With human lung epithelial A549 cells treated with 1-nitropyrene (1-NP), viability was measured by
MTT assay; lactate dehydrogenase (LDH) leakage was determined to evaluate the cellular membrane injury;
DNA damage was detected with comet assay; reactive oxygen species (ROS) generation was measured with
fluorescent probe. The combined toxic effects of 1-NP and 1,2-naphthoquinone (1,2-NQ) on A549 were also
evaluated. 1-NP caused a significantly concentration-dependent and time-dependent viability decrease. The
LC,, for 24 h and 48 h were 5.2 yumol L™ and 2.8 umol L™, respectively. DNA damage and intracellular ROS
levels were also increased significantly through a dose-dependent manner after exposure to 1-NP. The LDH
leakage was not significantly changed. Compared with the groups treated with 1-NP alone, the viability and
LDH leakage were not changed significantly in combined-treated groups with 1-NP and 1,2-NQ. However,
the DNA damage and ROS levels were significantly reduced in the combined-treated groups compared with
the groups treated with 1-NP alone. These results suggest that 1-NP may mediate the genotoxic and cytotoxic
effects through ROS generation and pretreatment with 1,2-NQ, and may inhibit the ROS generation induced by
1-NP, thereby reducing the DNA damage in A549 cells. (Li Yi)

3.15 Airborne quinones induce cytotoxicity and DNA damage in human lung epithelial A549 cells:
The role of reactive oxygen species

Ambient particulate matter (PM) is associated with adverse health effects. Quinones present in PM are
hypothesized to contribute to these harmful effects through the generation of reactive oxygen species (ROS).
However, whether the ROS induced by quinones is involved in mediating DNA damage as well as other
biological responses in pulmonary cells is less well known. In this study, the toxic effects of five typical
airborne quinones, including 1,2-naphthoquinone, 2-methylanthraquinone, 9,10-phenanthrene-quinone,
2-methyl-1,4-naphthoquinone, and acenaphthenequinone, on cytotoxicity, DNA damage, intra-cellular
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calcium homeostasis, and ROSgeneration, were studied in human lung epithelial A549 cells. Anantioxidant
N-acetylcysteine (NAC) was used to examine the involvement of ROS in adverse biological responses
induced by quinones. The quinones caused a concentration-dependent viability decrease, cellular LDH release,
DNA damage, and ROS production in A549 cells. 1,2-Naphthoquinone, but not the other four quinones,
increased intracellular calcium (Ca®") levels in a dose-dependent manner. These toxic effects were abolished
by administration of NAC, suggesting that ROS played a key role in the observed toxic effects of quinones in
A549 cells. These results emphasize the importance of quinones in PM on the adverse health effects of PMs,
which has been underestimated in the past few years, and highlight the need, when the effects on health and
exposure management are evaluated, to always consider their qualitative chemical compositions in addition to
the size and concentration of PMs. (Li Yi)
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On 13-14 January 2014, the Workshop on Severe
Weather Forecasting Theories and Methods, i.e.
the 2013 Academic Annual Meeting of State Key
Laboratory on Severe Weather (LaSW) was held in
Beijing. Prof. Zhao Ping, Vice President of CAMS,
presided over the opening of the meeting. Director-

Generals from relevant departments of CMA headquarters, CAMS President, Dr. Duan Yihong, and over 200 researchers
from research institutes and universities such as LaSW, Peking University, etc, attended the meeting. 85 research papers were
submitted to the meeting.
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On 16 January 2014, the 2014 Annual Meeting of CAMS was held and presided over by Dr. DuanYihong, President of CAMS,
who presented the annual working report. The entire staff of CAMS attended the meeting. In his report, Dr. Duan reviewed
the working highlights of CAMS in 2013 including scientific and technical innovation, talents development, domestic and
international academic exchanges, etc. He also confirmed the working arrangement of 2014 and the seven targeted assignments

such as further improving the capability of scientific and technical innovation.



2014 CAMS _—
Annual Report w

20144E3 725 H, P EASZREIFEBE S FRZ IR OENERRWNE 5456 . PRI TR K55 -3 il CHEHR
WEE . T 25 -5 B Bk S5 [ AT 1 23S AR . SBFBE B o S . R G AR S 5 oSy S A
KEFSMT 2

On 25 March 2014, CAMS and National Meteorological Centre (NMC) held joint workshop on how to enhance co-efficiency
of scientific research and operations, how to promote the development of environmental meteorology, development of key
technologies of fog-haze forecasting, and how to improve the fog-haze forecasts in China. Dr. Duan Yihong, CAMS President,
and Dr. Bi Baogui, Director-General of NMC as well as experts from CAMS and NMC attended the workshop.
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In March 2014, the Organization Department of the
CPC Central Committee released the namelist of the
first group of scientists selected as leading scientific
and technical innovation talents in the “Ten Thousand
Talents Project” (a specially sponsored project for
national high-level talents). Prof. Zhang Xiaoye,

researcher from CAMS, was selected into the project,
who was a leading scientist in atmospheric composition.
He has led several research projects sponsored by Ministry of Science and Technology, and the National Natural Science
Foundation of China. He has also won a number of awards including the second prize of the National Natural Science Awards.
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On 1-2 April 2014, the 2013 Academic Annual Meeting of
CAMS was held in Beijing, the opening of which was presided
over by Dr. Duan Yihong, President of CAMS. CMA leaders,
including Dr. Xu Xiaofeng, CMA Deputy Administrator, attended

the opening of the meeting and listened to relevant academic reports. The meeting arranged 13 invited presentations delivered by
academicians from the Chinese Academy of Sciences and the Chinese Academy of Engineering, as well as renowned experts in
relevant research fields. The meeting had four sub-committees for areas including severe weather, lightning and cloud physics,
agrometeorology and climate, atmospheric composition and urban meteorology. Experts from CMA operational facilities as well
as eight specialized institutes also attended the Annual Meeting.
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On 9 April 2014, the first meeting of the leading group for the
Third Tibetan Plateau Scientific Experiment on Atmosphere was
held in Beijing, which was chaired by Dr. Zheng Guoguang,
head of the experiment leading group and CMA Administrator.

Leading group members, steering group members and
implementation group heads, etc, attended the meeting. During
the meeting, Prof. Zhao Ping, Vice President of CAMS, presented the overall implementation scheme of “the Third Tibetan
Plateau Scientific Experiment on Atmosphere”. Prof. Xu Xiangde, Academician of Chinese Academy of Engineering, reported
the experiment scheme for 2014.
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On 11 April 2014, the Second Forum on Thermometer Screen

was held in Beijing, which was jointly hosted by LaSW of

CAMS, State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics (LASG) as
well as State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry (LAPC) of the Institute of
Atmospheric Physics (IAP) of Chinese Academy of Sciences (CAS). The theme of the forum was “Research Progress in Extreme
Weather and Climate and the Scientific Challenges”, which aimed at promoting the joint development of the three laboratories

and improving the research in atmospheric sciences.
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On 11 April 2014, the meeting that marked launching the
implementation of Basic Lightning Protection Research Project
for Potala Palace was held in Beijing. CAMS Vice President,
Mr. Wang Huaigang, chaired the meeting. Leaders and experts
from Tibet Meteorological Service, Tibet Bureau of Cultural
Relics, etc, as well as the project leader, Dr. Zhang Yijun, who

was a researcher from CAMS, and experts from brother institutes attended the meeting. The project aimed at establishing the

thunder storm and lightning detection system and warning platform surrounding Potala Palace, and promoting the research on

ancient architecture lightning protection design in Tibet.
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On 14-18 April 2014, CMA Training Centre and
LaSW of CAMS jointly held the Advanced Training
Workshop of Monitoring and Forecasting Techniques
for Typhoons and Rainstorms. The training invited

renowned domestic and international scholars to give

lectures on the rainfall mechanism and forecasting theories of landing typhoons, short-range forecasting and nowcasting methods

of typhoons and rainstorms. Forecasters from NMC and meteorological services of the provinces that were seriously affected by

typhoons and rainstorms attended the training.

problems of relevant sub-projects over the past two years.

201444 H24—25H , ERIT3 H K ERLMERARA
SR Y UL 5 B0 EE S A 5T 2013/20 1445 FE =
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On 24-25 April 2014, the 2013/2014 Annual Academic
Meeting of National 973 Project “Research on Theories and
Methods of Abnormal Formation Mechanism and Prediction
for Sustained Significant Weather” was held. The project
chief scientist, Dr. Zhai Panmao chaired the meeting. Five

project experts reported on the implementation, progress,
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On 29 April 2014, the Awarding Ceremony for “May 1st Workers Award Medal”
by the Central Government was held at the Great Hall of the People in Beijing. Dr.
Zhang Yijun, researcher from CAMS won the medal. He was a leading scientist of
CMA in the field of thunder and lightning research. He led the establishment of the
laboratory of “Lightning Physics and Protection Project” and set up the only field
lightning testbase in China. He has won several national honorary titles and awards
such as “Excellent National Science and Technology Staff” and second prize of

National Scientific and Technological Advancement.

201445 10 H , HESRFRRKIBEDE—F7 8RBt
SERHERIBCEIA TR, BRI T SRR XS
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AEST.

On 10 May 2014, Dr. Zheng Guoguang, CMA Administrator,
visited CAMS to study the reform of scientific and
technological mechanism. Dr. Zheng listened to the report of

CAMS’ progress on meteorological modernization and held

discussions with CAMS leaders. Dr. Zheng appreciated the development of CAMS’ reform and helped analyzing the potential key

problems that prevented the future advancement. He expressed CMA’s proactive support for CAMS’ developing its supporting

capability in accelerating meteorological modernization by improving science and technology.

201445 H22H, HESGRA TR S5 Y3
I E S LR B BIF T20134F AR 2, 2
RN T RABUARECRIR DA T3 M R 8UR
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FIRLABAR BTN LRSI T A AR Bfie .

On 22 May 2014, CMA Weather Modification Centre, i.e. the
Key Laboratory of Cloud-Fog Physical Environment held the
2013 Annual Academic Meeting in Beijing. The exchanges and

discussions of the meeting focused on the numerical models of

weather modification and their applications, as well as verification of weather modification effects. Weather modification experts
from CMA Weather Modification Centre, Universities like Peking University, the Institute of Atmospheric Physics (IAP) of CAS,

as well as provincial meteorological services attended the parts of academic reports and discussions.
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On 5 June 2014, the field integrated observation experiment of the Key Project of National Natural Science Foundation, Impacts
of Photochemical Processing on the Formation of Regional Ozone and Secondary Aerosols over North China, was carried out
in Hengshui of Hebei Province. The first sets of equipments were for the sounding of surface ozone, aerosol precursor and
photolysis coefficient, etc. The integrated observation experiment was organized by CAMS, while cooperative partners including
CMA Meteorological Observation Centre, IAP of CAS, some meteorological services of the provinces and Chinese Academy of

Environmental Sciences would participated in the experiment and relevant research.

20144F6 HOH , Al L b R E B LR T3 )E
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On 6 June 2014, Dr. Li Jian was awarded the third “May 4th
Youth Medal” by the Central Government Working Committee.
Dr. Li Jian was an associate researcher from CAMS’ Institute

of Climate Systems. He has carried out a series of innovative

researches in China’s climate features and abnormal
mechanisms. He has led two National Natural Science Foundation projects and is also a cadre member of the National Natural

Science Foundation Innovation Research Team.
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On 17 June 2014, the Deputy Director-General of Tianjin Science and Technology Committee, Mr. Zhang Yong, led a study group
to CAMS seeking cooperation for better joint development, which was part of the “One Hundred Institutes in Tianjin” project.
Mr. Wang Huaigang, Vice President of CAMS, chaired the discussion. In recent years, Tianjin has witnessed rapid development
and fruitful outcomes, which successfully attracted a number of high-level leading talents from high-tech research institutes. On
behalf of Tianjin Municipal Government, Mr. Zhang Yong extended cordial invitation to CAMS for participating in the project.
The two sides exchanged ideas about deep cooperation.

20144£6 H20H , HESG/ AT RO
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On 20 June 2014, the launching of Testbase of
Precipitation Enhancement of CMA Weather
Modification Centre was held in Dongping,
Shandong Province. The Director-General of CMA
Weather Modification Centre, Mr. Li Jiming, and the
Deputy Director-General of Shandong Provincial

Meteorological Service, Ms. Yan Lifeng, etc, and
relevant experts attended the launching ceremony.
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On 21-22 June 2014, the mid-term assessment of the implementation for the Key Project of National Twelfth Five-Year Plan, “Key
Techniques for Meteorological Disasters Monitoring, Warning and Prevention in Agriculture and Forestry”, i.e. the 2014 Annual
Meeting, was held in Changchun. Over 30 experts from research institutes including CAMS, Chinese Academy of Agricultural
Sciences and Beijing Forestry University, etc, attended the meeting. The meeting was chaired by Dr. Wang Chunyi, project leader
and researcher. Five project researchers reported on the outcomes achieved over the three years for the implementation of the
project.

20144E7 H B, B3 UCH e RO SRR A i B £ WL 4 1 %
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In the first half of July, 2014, the integrated observation of the Third
Tibetan Plateau Scientific Experiment on Atmosphere was fully

implemented, in which valuable data were obtained by radar and
aircraft observation. Intensified upper-air sounding and boundary
layer observation were carried out as planned. Besides, the establishment of satellite ground verification network also partially
completed the equipment installation and test as well as the pre-operational test.
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On 18 August 2014, CMA Training Centre and
CMA Weather Modification Centre jointly held the
Fourth International Training Workshop on Weather

Modification. Nine renowned experts from US
National Centre for Atmospheric Research (NCAR),
Colorado State University (CSU), US Weather Modification Incorporated (WMI), and domestic weather modification community,
gave lectures, in which over 50 trainees both at home and abroad attended the workshop and discussions.
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On 21 August 2014, Prof. Zhao Ping, Vice President of
CAMS, led the team to the Institute of Desert Meteorology
(IDM) in Urumgqi to discuss cooperation and signed the
MoU between LaSW and IDM. The Director-General of
Xinjiang Meteorological Service, Mr. Zhang Shoubao, and

Deputy Director-General, Ms. Cui Caixia, welcomed the CAMS delegation. Ms. Cui Caixia attended the signing ceremony of
MoU. After the ceremony, the two sides exchanged ideas in the research work of LaSW and IDM.

201449 16—19H , o EGUR IR T Be Al
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On 16-19 September 2014, the Second National Lightning
Nowcasting System Training Workshop was jointly held in
Anhui, by CMA Training Centre and CAMS Atmospheric
Sounding Institute. CAMS Atmospheric Sounding Institute
took the main responsibilities of planning the training task,

editing the training material and giving lectures, as well as
warning system installation and application training, etc. 65
technical staff attended the training.
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On 23 September 2014, China’s Sixth Arctic Scientific Expedition Team completed its assignment and arrived in Shanghai by the
Snow Dragon Ship. Lu Changgui and Ding Minghu from CAMS took the responsibility of greenhouse gases and black carbon
aerosol observation on excursion and successfully fulfilled the task. They obtained a variety of observation data including sea
surface atmospheric compositions of East China Sea and North-West Arctic Ocean, etc, and transmitted to domestic offices on a
real time basis. They also supported the completion of sea ice radar observation for other research institutes. They were awarded
“Excellent CPC Members of China’s Sixth Arctic Scientific Expedition”.
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On 17 October 2014, CAMS organized the Academic
Workshop of CMA Fog-Haze Monitoring and
Forecasting Innovation Team. CMA Deputy

Administrator, Dr. Xu Xiaofeng and other leaders,
experts, innovation team members, etc, attended the meeting, which was presided over by Dr. Duan Yihong, President of CAMS.
The team leader, Prof. Gong Shanling introduced the overall target, key techniques to be solved and the working plans of the

team. Experts discussed about the key techniques and challenges to be solved.
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The 22nd Informal Meeting of APEC Leaders (APEC
Summit) was held during 10—11 November 2014 in
Beijing. CAMS provided service support in fog-haze
forecasting and weather modification during APEC Summit
by organizing its subordinating institutes and cooperating
with forecasting operational bodies.
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On 24 November 2014, the 2014 Annual Summarizing Meeting for the Third Tibetan Plateau Scientific Experiment on
Atmosphere was held in Beijing. Leaders from CMA, NNSF and CAS, Steering Group experts and project members attended
the meeting, which was presided over by Prof. Zhao Ping, Vice President of CAMS. In 2014, the Tibetan Plateau Scientific
Experiment on Atmosphere made positive progress in which integrated observations of satellites, aircrafts and radars of different
types were completed and observation data were controlled in quality. Satisfactory research outcomes in many aspects have

been achieved such as gas energy exchange features on plateau and convective system variation, impact of abnormal change of
atmospheric heating field on plateau on drought and flood in China, etc.
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In 2014, CAMS won a second prize of National S & T Progress Award, and
a first prize of Hainan Provincial S & T Progress Award, 5 patents have been
authorized, and one of them is a United States patent.
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WA TR
Title

G KU ANESH B L Tt 5 R e Al
The observation, forecasting and impact evaluation of a landfall
tropical cyclone fine structure

TR 5 - 58 IS A R 2 B S kol 55 R SR

Research on the haze-fog monitoring and its numerical forecasting
system at different resolutions in China

% — FUL IR 5T

Study on haze-fog observations

T e S RSP /KT A A PGS B Bkl i B2 2 XUEE o
ARAL 1 IR R 0

Collaborative influences of the Tibetan Plateau and Pacific/Atlantic
thermodynamic functions on interannual variations of summer land
monsoon over the Northern Hemisphere

7 0 e SR A R D B DX A FE W R AU AT AR B i A A
B

The constrained variational analysis model and its dataset for the
field experiment regions over the Tibetan Plateau

2 P S RN BRI T e SO AL = B B S A 7
ES

Study on the microphysical parameterization for convective clouds
over the Tibetan Plateau by combining multiple observation data

L e JE A A FE Xt i [ i g 45 8 e e e /K S I L
Study on mechanisms governing influence of the Tibetan Plateau’s
heating effect on the persistent heavy rainfall over southern China

L e J5 RS SR T AT = A 5 ) S i A8 A KT T 9 [X 3 R R
QU T

Impacts of abnormal 3D structures of flow around and flow over the
Tibetan Plateau on rainstorms over its downstream areas

L e J S R M ARAL U 5 22 U85 R R 5T

Study on the optimization grid meshes of complex terrain and the
multivariate information assimilation in the Tibetan Plateau

PE % - 58 % TR 2 K T 20 Af SN FR) 2 AU e S A
il

Study of the three-dimensional observation and modelling of haze-
fog and its impact on the vertical structure of warm cloud and
precipitation in China

AT e S A B AT S S HOUI ST

Observation and study of the upward leader induced by the
downward stepped leader

C P B SESE P L K 7 SRR I M K K S U
Precipitation cloud structure analysis and micro-physical parameters
retrieval using C-FMCW radar

B2 XX 2 () P32 KA M = 2
T RRANAERF AL

Three-dimensional structures and formation/maintenance
mechanisms of the “chimney” in atmospheric transport from
boundary layer into the stratosphere over the South Asian monsoon
region

H TR AR A TR 0 E B R KR B T T A
The method of probabilistic quantitative precipitation forecasts
based on super ensemble prediction system
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BHEEE: 973 iR H

MOST: national basic research program

PGS BHE ST E
MOST: technology support program

RS RS E
MOST: technology support program

HEL: BEARHTHRIE S H
NSEC: key program

R HARWHFIHRIE ST H
NSEC: key program

R HAPFRIHRIEEHHE
NSEC: key program

R HAPRITRIEFHHE
NSEC: key program

R HAPRIRIEEHE
NSEC: key program

H&T: TR E T H
NSEC: key program

HeZ: W EBH
NSFC: general program

HeZ: W EBH
NSFC: general program

HeZ: mEH
NSFC: general program

He2z: DA
NSFC: general program

e e TN R |
NSFC: general program

AT A TE]
Duration
2015—2019
2014—2016
2014—2016
2015—2018
2015—2018
2015—2017
2015—2017
2015—2017
2015—2017
2015—2018
2015—2018
2015—2018
2015—2018
2015—2018

UilPN
Principal
Investigator

S U
Duan Yihong

JAFL
Zhou Chunhong

LT

Guo Jianping

BT
Zhao Ping

EARE
Wang Donghai

Ptk
Gao Wenhua

EZRIAT]
Luo Yali

B
Yao Wenqing

T
Wang Guanghui

T
Guo Jianping

E vk
Lii Weitao

Bk
Ruan Zheng

Rk
Chen Bin

gesi

Zhao Linna



WA AR
Title

PEAL T i 25 VT 0T 65 XU A2 AR S R ATL R 7
Study on impacts of upper tropospheric cold lows on sudden
changes of typhoon motion over the Northwest Pacific

Jeterk A Z= b A K SRR AR 2 R PR R IR R B2 30 ) 2
/5N

Low-order stochastic dynamical study on the formation of the
boreal winter extratropical low-frequency variability

AR 52 2 RER L D 1A 6 R A S AR R AR A 0 o [ 7K 2 A P
Al

The impacts of coupling wheels of East Asian summer monsoon on
the interannual diversity of rainfall in China

AEAR UK Rl 5 BRI R 5 443 88 i [X AT R AL B K Al o
RAZ AR F

Linkages between Arctic sea ice loss and dominant weather patterns
and extreme weather events over the mid-high latitudes of Eurasia
H T SRR B R T K PR IR A
Hygroscopic growth factor measurement based on the aerosol
scattering coefficient

2 VR BT K AR e 3 R R A 7 vk 5 R R A A
How remote sensing is applied to rice flood monitoring based on
multi-source data: A case study of Huaihe River Basin

PEAL AT R e HRBE IR U A R AR 5T

Characteristics of eyewall lightning outbreaks in tropical cyclones
over the Northwest Pacific

DA R R A e AT [0 20 X B T8 R AR AR I 5

Study about the features of lightning initial breakdown process
by using synchronous VHF and VLF/LF dual band location
observation

1S G DR UKL A S 5125 K 3 ik 7K S i FRO T 5
Study of the ice nuclei activation and its influence on heavy
precipitation under a high ice nuclei concentration condition

2N ER T URAL X BT T

Study on turbulent dispersion on various complex underlying
surfaces by a comparison between experiments

F T EnKF FERHE 16 753 1 4 rE RTIYIE DX 88 7 A2 S OB
Ensemble numerical simulation of warm-sector heavy rainfall
during early summer rainy season over South China based on EnKF
data assimilation

i = JFAR IR I 3% 5 #4372 18] 1 AE EAE FE B SO i AR
RFHIRE

Interaction between the circulation related to the Tibetan Plateau
vortex and the heating field and its effect on the evolution and
eastward movement of the vortex

AURAR ZE K HIAZ IR 5 (1 SRR A r [ F00) o 1 o
H

On the extraction of long-term climate memory signals in climate
variability and their application to the climate prediction in China

AT 30 S JBHER T2 B KPR TR EE AR A S HLAE AR B 2 R
IR

Variation of the intensity of Northern Hemisphere Mean Ferrel Cell
and its role in the evolvement of East Asia summer monsoon during
past 30 years

LT SRR S5 1) B SO A B R ST ) — AN B 7 1%
A new method for numerical weather prediction improvement based
on solving an inverse problem
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e T T U |
NSFC: general program

R Ze. M EmiH
NSFC: general program

K22 M EmiH
NSFC: general program

K2 M EmiHE
NSEC: general program

K2 M EmiHE
NSEC: general program

Hek: HFEMEELSIH
NSFC: youth program

BeZ: FEMYEEIHE
NSFC: youth program

ReZr: FEMYREEIH
NSFC: youth program

ReZ: FEMYEEIHE
NSFC: youth program

HeZ: FEMYEEIHE
NSFC: youth program

HeZe: HEMFAESIHE
NSFC: youth program

R HEREREGIH
NSFC: youth program

Hedy: HERFEEUH
NSFC: youth program

e HEMEEEIH
NSFEC: youth program

Hede: HEMEEEIH
NSFEC: youth program

Annual Report
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Duration

2015—2018

2015—2018

2015—2018

2015—2018

2015—2018

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

2015—2017

axs

UilUN
Principal
Investigator

=
LiYing

fots)
Zhao Nan

BN
Zhu Congwen

U X
Wu Bingyi

MR B
Sun Junying

el
<

e
Wang Huifang

[ Sa/E
Zhang Wenjuan

HIE R
Liu Hengyi

FrETr
Yin Jinfang

SR
Quan Lihong

Bao Xinghua

2
Li Lun

LT

Yuan Naiming

R
Xiao Dong

B AR
Xue Haile
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Title

PRI WA 38 A s R R — A WL IR 1 DR 7T

Study of the heterogeneous reaction of methylglyoxal on the
formation of secondary organic aerosols

TR E WMO/GAW Al K/ N,O ¥ S5 S RFAERIT
Concentration and characteristics of atmospheric N,O at the four
WMO/GAW stations in China

KEMMX G - SR TR TR TE R A IRSRHER
RBAIT 7

The measurement of black carbon mixing state under haze-fog
conditions in Yangtze River Delta

TR BN Jeinidk B AL B RF 5 Gl R A I B 5
Research on the cause and control of the persistent air pollution in
Beijing based on weather types and pollutants transport

TR SRR 12 E Bt it £
International Workshop of Belmont Forum

NO, H H#Z 5 KA HUHERER L B LB T
Formation and aging of organic nitrates via NO, radical reaction
BB T 5 N RS B A 25 BE B R R AL
Spatial-temporal relationship between hail particles and lightning
activity in hailstorms

o [ A 5 22 YRR 1 = 4 L AR K 5 2= WK ELAE A 5
Study of the three-dimensional observation of haze and its
interaction with cloud and precipitation in China

AT 50 473 B T 50U X I DX SR T S AR A T 5 A2 1
Detection and changes of regional meteorological drought events
over China’s drought-prone areas during the past 50 years

AEAR % [X AR AR A S A

Detection and analysis of climate change in key regions of Arctic

N LR R ST R ALAZ B SR RAE 23T R 5t

Development and application of a real-time information acquisition
and analysis system for weather modification ground-based
operations

P KDL B UL 22 5t 1B e

Integration and application of photographic precipitation recognizer

MOST: Ministry of Science and Technology (F:}43%5)

i H 25
Project/Fund

HETE: FEMFEEUHE
NSFC: youth program

HeL: FEMEESIH
NSFC: youth program

HeL: FEREESIH
NSFC: youth program

oL FEREESIH
NSFC: youth program

ez HrGESZRHE
NSFC: projects of international
cooperation and exchanges
NFH: HEERESTA
SHRM: postdoctoral fund projects
NS Bl E A ARG H
SHRM: scientific research foundation
for returned chinese scholars

N B R E ARSI
SHRM: scientific research foundation
for returned chinese scholars
HEAS R SRR E T
CMA: special fund for meteorological
service
HEAR R SRR E T
CMA: special fund for meteorological
service

PESGRR: REERERSHBH
CMA: project of key technology
integration and application

PESG)R: RBEARERM A D
CMA: project of key technology
integration and application

NSFC: National Natural Science Foundation of China ([E ¢ H SRRl 2235 4r)

SHRM: State Human Resource Ministry ([F 2% \ 253)

CMA: China Meteorological Administration (4 [E < % J5)
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Principal
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Shen Xiaojing
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Wang Yu
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Liu Chang
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T
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Ren Fumin
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Li Hongyu
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Ma Ying
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On 4 May 2014, the Youth Day, CAMS held the Workshop for Foreign Visits Outcome Exchange by Excellent Youths. Mr.
Wang Huaigang, Vice President of CAMS, together with over 50 youth scientists and graduate students attended the workshop.

The head of the Youth League of CAMS, Wen Min chaired the workshop. Three excellent young scientists presented their study
outcomes from the visits abroad during the workshop, including Dr. Li Weitao, Dr. Guo Jianping, and Dr. Chen Junming. Since
2008, CAMS has devoted great efforts in youth development by project sponsorship, training abroad and awards, etc, which has

set up an excellent platform for young talents’ rapid development.

201447 HITH, ARMBez AT RS, i LRBE KR T ARSI SRR FE R REESCIFSE R FIERTT
T LIRS R L gEnt, ZHAR . SRAKR, 2P BER . BREEUIE Gk TIES, 2t
FAESIMUAC T RICABEE , QRS BB AR 20 Foll i BE R STk

On 11 July 2014, CAMS held the commendation meeting to award certificates for excellent PhD supervisors including Zhou
Guangsheng, Guo Xueliang, Wu Tongwen as well as excellent graduate supervisors including Wu Bingyi, Li Weijing, Peng
Xindong, Zhang Renhe, Li Weiping, Zhai Panmao and Chen Dehui. All graduate students were encouraged to follow the good
example of their supervisors and continue to make greater contributions to the graduated education of CAMS.
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On 11 July 2014, the Master Degree Awarding Ceremony, i.e., the 2014 Graduation Ceremony of CAMS was held with 11 PhD
and 44 MSc degrees conferred. In 2014, CAMS enrolled 61 graduate candidates, including 45 MSc and 16 PhD students. Three
candidates completed their work at the Post-Doctoral working station and three new candidates joined the station.
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On 7 August 2014, the Youth League of CAMS invited Mr. Zhou Xiuji, Academician of CAS, to deliver a presentation themed
“Science and Lifetime” for the young staff of CAMS. The presentation was chaired by head of the Youth League, Wen Min.
Based on his own working experience over 60 years in scientific research, Mr. Zhou Xiuji told the success stories of the older
generation of meteorological staff which were filled with hard work and great efforts. The young scientists were deeply moved
and inspired by the Academician’s presentation.
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On 22 August 2014, the first National Training Workshop (Summer School) in Atmospheric Sciences for Excellent
Undergraduates was successfully completed. The Summer School invited six renowned scientists to give scientific lectures for
the students, including Mr. Ding Yihui, Mr. Ni Yunqi, Mr. Zhang Xiaoye, Mr. Zhou Guangsheng, Mr. Chen Dehui and Mr. Lu
Longhua. The students visited the National Meteorological Centre and the Observatory of Beijing Southern Suburb, etc. By
learning and visiting, more than 40 undergraduates with different academic backgrounds broadened their horizon and had a basic
understanding of the operations and researches in meteorology.
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On 3 January 2014, Prof. Zhang Xiangdong
from University of Alaska, USA visited CAMS
for academic exchange and presented the report
titled “Radical Shifts of Atmospheric Circulation
and Intensification of Anticyclones: Causes of Recent Extreme Cold Weather Events in Eurasia”. Prof. Zhang pointed out that

in recent years, the intensification of winter anticyclone circulation led to the permeation of cold air of polar regions into the
mid and high latitude of Euro-Asian Continent, which was one of the causes of cold events on the Euro-Asian Continent. The
presentation was chaired by Prof. Zhao Ping, Vice President of CAMS.
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On 20 January 2014, Dr. Huang Xiangyu of US National Center for Atmospheric Research (NCAR) was invited by State Key
Laboratory on Severe Weather (LaSW) of CAMS to present the report titled “Research and Application of WRFDA Assimilation
System”, which was presided over by Prof. Zhao Ping, Vice President of CAMS. Dr. Duan Yihong, President of CAMS, many
researchers, and students of CAMS attended the meeting. Dr. Huang is the head of NCAR’s Data Assimilation Testing Center
who is responsible for the development of WRF model data assimilation system. He is a well acknowledged expert in the
international community of data assimilation.
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On 26 February 2014, Dr. Amitabh Nag, meteorologist from VAISALA Company US was invited by the Atmospheric Sounding
Institute of CAMS to present the report titled “Recent Topics in Lightning Research and Detection Technology”, which was

chaired by Dr. Li Weitao, researcher from CAMS. After the presentation, the two sides exchanged on potential cooperation in the

share of global lightning positioning data and application
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biStephen Kester 4T #llLinda Leel#H+ . {35 AASH
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On 21 March 2014, the Project Summarizing Meeting of
the Sino-Canada joint project “Crop and Grassland Health
Monitoring and Productivity Estimation System in Tibet under
Climate Change” was held at CAMS. Mr. Stephen Kester and
Dr. Linda Lee from Business Office of Canadian Embassy
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On 4 March 2014, Dr. Deng Yi of Geo-Atmospheric Science
Branch of US Georgia Institute of Technology was invited
by LaSW to present the report titled “Linking Weather and
Climate”, in which Dr. Deng pointed out that significant
supplement could be available to traditional climate research
by analyzing the dynamic mechanism of climate phenomena

from synoptic point of view.

to China, Dr. Fang Shibo from Institute of Ecological Environment and Agrometeorology of CAMS as well as other experts

attended the meeting. Dr. Fang Shibo reported on the content of project, research methods, outcomes and future objectives.
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On 17 March 2014, Dr. Tao Weiguo from NASA Goddard Space Flight Center was invited by LaSW to present the report titled
“Cloud-Resolving Model and its Application on Precipitation Processes”, which was chaired by Dr. Wang Donghai, research of
CAMS. In his report, Dr. Tao covered several points including cloud micro-physics parameterization scheme and its problems, as
well as future development, etc.
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On 15 April 2014, Dr. Gao Feng from Agriculture Research Centre
of US Ministry of Agriculture was invited to Institute of Ecological
Environment and Agrometeorology of CAMS to present the report
titled “Mapping 30-m Phenology and Water Use through Integrating
Multiple Remote Sensing Data”, which was chaired by Dr. Wang
Peijuan. In Dr. Gao’s representation, the application of STARFM

(Spatial and Temporal Adaptive Reflectance Fusion Model) in evapor
transpiration, drought, phenology, and so on were introduced, and the future research focuses of the data fusion model were also
analyzed.

20144ESH19H , BRFE G R KA URDTFE .0 (CAWCR)
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On 19 May 2014, Dr. Noel Davidson from Australian Weather and
Climate Research Centre (CAWCR) of Bureau of Meteorology
(BoM) was invited to CAMS to present the reports titled “Operational
and Research Activities on Tropical Cyclones at CAWCR” and
“Influence of Amplifying Ross by Waves on Tropical Cyclone
Intensity, Structure and Rainfall”, which was chaired by Dr. Xu Jing,
Deputy Director of LaSW.
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At the invitation of Dr. Wu Bingyi, Director of CAMS’ Institute of Polar Meteorology, Dr. Doerthe Handorf and Thomas Jung
from the German Helmholtz Ocean and Polar Research Centre visited CAMS on 9 May and 12 May 2014 respectively to present

reports titled “Arctic Sea Ice and Atmospheric Circulations—Regional and Global Interactions” and “Arctic Influence on Mid-
latitudes Weather and Climate”. Dr. Doerthe Handorf pointed out that in recent decades, there was a tendency of Arctic sea ice
decrease in August and September, which would lead to the heat increase in the ocean and decrease of atmospheric stability,
hence strengthening the autumn baroclinic system. Prof. Thomas Jung pointed out in his report that the observation data show
that the Arctic Region was closely related to the weather and climate of mid and high latitude areas. With the decrease of Arctic
sea ice, more frequent cold winters occurred in Europe and North America. However, the mechanism is still not clear.
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On 22 May 2014, Dr. Kazuhiko Kobayashi from Tokyo University
visited CAMS and presented the report titled “Farmers Bottom-up
Adaptations to Climate Change”. The presentation explained the

impact of the warming climate on crops and farmers by examples,
as well as how the farmers could apply agrometeorological
knowledge to make crops better adapt to climate change. Dr. Zhou Guangsheng, Vice President of CAMS, presided over the
presentation. Researchers and students from Institute of Ecological Environment and Agrometeorology, CMA National Climate
Centre, CAS Institute of Batony attended the presentation.
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On 21 May 2014, Mr. Paul Gray Quincey, the chief scientist
of UK National Physics Laboratory was invited to CAMS
Institute of Atmospheric Composition and presented the report
titled “PM, 5 Governess in UK”, which introduced the outcomes

and status of air pollution governess in UK. The presentation

was chaired by Dr. Sun Junying, Director of CAMS Institute of
Atmospheric Composition.
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On 26 June 2014, Dr. Li Shaomeng from Environment
Canada (EC) visited CAMS to implement the CMA-MSC
(Meteorological Service of Canada) bilateral cooperative
activity “Joint Research on Evolution of Atmospheric
Carbon Aerosol in Urban and Rural Areas”. Dr. Li

presented the report titled “the Air Pollutants Emission of Oil Sands Mining in Canada”. The CMA focal point of the activity, Dr.

Sun Junying, chaired the presentation.
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On 3 July 2014, Dr. Zhang Leiming from EC visited
CAMS and presented two reports titled “Analysis
and Application of Speciated Atmospheric Mercury”
and “Method Development Estimating Atmospheric
Deposition of Various Pollutants”. Ms. Zhang Yangmei,

associate researcher of CAMS Institute of Atmospheric Composition, chaired the presentation.
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On 26 August 2014, Dr. Paul J. DeMott from US
Colorado State University (CSU) was invited by CMA
Weather Modification Centre to CAMS. Dr. DeMott
introduced the latest progress in aerosol research
and catalyst verification. He also provided the Warm
Clouds Laboratory of Weather Modification Centre

with constructive suggestions. The presentation was chaired by Dr. Su Zhengjun of Weather Modification Centre.
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On 28 August 2014, Mr. Bruce Boe, the Director of US
Weather Modification Incorporated (WMI) discussed
with Weather Modification Centre about precipitation

enhancement effect verification and assessment, as
well as radar data application. Mr. Bruce Boe expected potential opportunities of cooperation with project of precipitation
enhancement effect verification in China. Dr. Yao Zhanyu, researcher from Weather Modification Centre, presided over the
discussion.
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On 27-28 October 2014, the Second Bilateral Workshop of China-Korea Sister Partners was held in Beijing. The theme of the
workshop was reviewing bilateral research progress; discussing bilateral research on Asian sand & dust storm, atmospheric fog-
haze pollution, East-Asian monsoons, severe weathers, weather modification and stmospheric sounding; exchange of latest
research outcomes. Prof. Zhang Renhe, researcher from CAMS, presided over the workshop and Dr. Duan Yihong, President of
CAMS, Mr. Jae Cheol from NAM of Korea, as well as relevant leaders and experts attended the workshop.
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On 11-12 November 2014, Prof. Robert A. Duce, renowned US aerosol scientist and Academician of US Academy of Sciences,
as well as professor of Oceanic and Atmospheric Colleague of Texas A & M University, was invited by Prof. Zhang Xiaoye to
CAMS. Prof. Duce presented the report titled “Atmospheric Transport of Nutrients, Especially Nitrogen, to the Ocean”. Over

50 experts and researchers from Peking University, Qinghua University, Chinese Academy of Sciences and CMA institutions
listened to the presentation.
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On 27 November 2014, during the visit of Dr. Paolo M Ruti, Director of WMO/WWRP to CMA, CAMS hosted the Workshop
on WMO/WWRP Research Programs. Dr. Duan Yihong, President of CAMS presided over the workshop. Experts introduced
outcomes of the following areas: CMA activities in Atmospheric Watch and Environmental Meteorological Forecasting, the
Numerical Forecast Model of CMA, Monitoring and Exploring the Arctic and Antarctic, Weather Modification Activities in
China, the Third Tibetan Plateau Atmospheric Scientific Experiment (TIPEX-III), etc.
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Che Huizheng,
etal.

Che Huizheng,
etal.

Che Huizheng,
etal.

Che Huizheng,
et al.(2nd)

Che Huizheng,
et al.(2nd)

Che Huizheng,
et al.(2nd)

Che Huizheng,
et al.(3rd)

Chen Haoming,
et al.(2nd)

Chen Haoming,
et al.(2nd)

Chen Haoming,
et al.(3rd)

Ding Minghu,
et al.(3rd)

Ding Minghu,
et al.(3rd)

Fang Shibo,
et al.(2nd)

Fang Shuangxi,
et al.

Gao Wenhua

Guo Jianping(2nd)

Guo Jianping,et al.

Guo Jianping,et al.

Guo Jianping,et al.

Guo Jianping,
et al.(2nd)

B4
Title

Aerosol optical properties retrieved from a prede skyradiometer
over an urban site of Beijing, China

Aerosol optical properties under the condition of heavy haze
over an urban site of Beijing, China

Column aerosol optical properties and aerosol radiative forcing
during a serious haze-fog month over North China Plain in 2013
based on ground-based sunphotometer measurements

Column-integrated aerosol optical and physical properties at a
regional background atmosphere in North China Plain

Establishment of integrating sphere calibration method of China
aerosol remote sensing network cimel sunphotometer

Study of aerosol optical properties based on ground
measurements over Sichuan Basin, China

Dust aerosol drives upward trend of surface solar radiation
during 1980-2009 in the Taklimakan Desert

Simulations of stratus clouds over Eastern China in CAMS5:
Sensitivity to horizontal resolution

Vertical structures and physical properties of the cold-season
stratus clouds downstream of the Tibetan Plateau: Differences
between daytime and nighttime

Topographic effects on spatiotemporal variations of short-
duration rainfall events in warm season of central North China

Temporal variations in marine chemical concentrations in
coastal areas of eastern Antarctica and associated climatic
causes

Variations in stable hydrogen and oxygen isotopes in
atmospheric water vapor in the marine boundary layer across a
wide latitude range

Vegetation coverage changes and their response to
meteorological variables from 2000 to 2009 in Naqu

In situ measurement of atmospheric CO, at the four WMO/
GAW stations in China

A study of macrophysical and microphysical properties of
warm clouds over the Northern Hemisphere using CloudSat/
CALIPSO data

A new statistic approach towards landslide hazard risk
assessment

Attribution of maize yield increase in China to climate change
and technological advancement between 1980 and 2010

Diurnal variation and the influential factors of precipitation
from surface and satellite measurements in Tibet

Precipitation and air pollution at mountain and plain stations
in Northern China: Insights gained from observations and
modeling

Satellite observed aerosol-induced variability in warm cloud
properties under different meteorological conditions over
Eastern China
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Journal of the
Meteorological Society of
Japan

Environmental Science and
Pollution Research

Atmospheric Chemistry
and Physics

Atmospheric Environment

Particuology

Aerosol and Air Quality
Research

Atmospheric Science

Letters

Journal of Climate

Journal of Climate

Journal of Geophysical
Research

Quaternary International

Journal of Environmental
Sciences

Canadian Journal of
Remote Sensing
Atmospheric Chemistry
and Physics

Journal of Geophysical
Research

International Journal of
Geosciences

Journal of Meteorological
Research

International Journal of
Climatology

Journal of Geophysical
Research

Atmospheric Environment
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Year, Volume
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2014, 92A
2014, 22(2)
2014, 14(4)
2014, 84(1)
2014, 13(c)
2014, 14(1)
2014, 15(4)

2014, 27(18)

2014, 27(18)

2014, 119(19)
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2014, 26(11)

2014, 40(1)

2014, 14(5)

2014, 119(3)

2014, 5(1)
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2014, 34(9)
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2014, 84(2)
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Guo Jianping,
et al.(2nd)

Guo Xueliang

Guo Xueliang,
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Hu Zhiqun,et al.

Li Jian,et al.

Li Jian,et al.

Li Lun,et al.
Li Lun,et al.

Liu Ge

Liu Ge,et al.
Liu Ge,et al.

Liu Ge,et al.(2nd)

Liu Liping,
et al.(2nd)

Liu Liping,
et al.(2nd)

Liu Lixin,et al.

Liu Ying,et al.

Luo Yali

Luo Yali

Luo Yali,et al.(2nd)
Luo Yali,et al.(3rd)
Luo Yali,et al.(3rd)

Li Junmei,
et al.(2nd)

Lii Weitao,et al.
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Scenario analysis on the adaptation of different maize varieties
to future climate change in Northeast China

A case study of aerosol impacts on summer convective clouds
and precipitation over Northern China

Observation analysis on characteristics of formation, evolution
and transition of a long-lasting severe fog and haze episode in
North China

Applications of wavelet analysis in differential propagation
phase shift data de-noising

A method to linearly evaluate rainfall frequency-intensity
distribution

Characteristics of cold season rainfall over the Yungui Plateau

Diurnal variation in the occurrence frequency of the Tibetan
Plateau Vortices

Effect of the atmospheric heat source on the development and
eastward movement of the Tibetan Plateau Vortices

A dipole pattern of summer precipitation over mid-high latitude
Asia and related snow cover anomalies in the preceding spring

Persistence of snow cover anomalies over the Tibetan Plateau
and the implications for forecasting summer precipitation over
the Meiyu-Baiu region

The summer snow cover anomaly over the Tibetan Plateau and
its association with simultaneous precipitation over the Meiyu-
Baiu region

Contrasting Eurasian spring and summer climate anomalies
associated with western and eastern Eurasian spring snow cover
changes

Comparison of the observation capability of an X-band
phased-array radar with an X-band doppler radar and S-band
operational radar

Test pattern identification algorithm and its application to
CINRAD/SA(B) data

Background variations of atmospheric CO, and carbon-stable
isotopes at Waliguan and Shangdianzi stations in China

Implication of negative entropy flow for local rainfall

Initiation and organizational modes of an extreme-rain-
producing mesoscale convective system along a Mei-Yu front in
East China

The persistent heavy rainfall over Southern China in June 2010:
Evolution of synoptic systems and the effects of the Tibetan
Plateau heating

Initiation, maintenance, and properties of convection in an
extreme rainfall event during SCMREX: Observational analysis

Changes of summer precipitation in China: The dominance of
frequency and intensity and linkage with changes in moisture
and air temperature

The atmospheric anomalies associated with the drought over the
Yangtze River Basin during spring 2011

The southern annular mode (SAM) in PMIP2 simulationsof the
last glacial maximum

Four ways of how downward and upward leaders make
connection during the lightning attachment process
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Research

Atmospheric Research

Science China: Earth
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Advances in Atmospheric
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Journal of Applied
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Meteorology and
Atmospheric Physics
Tellus A

Atmospheric and Oceanic
Science Letters

Atmospheric and Oceanic
Science Letters

Advances in Atmospheric
Sciences

Journal of Geophysical
Research

Advances in Atmospheric
Sciences

Advances in Atmospheric
Sciences

Journal of Geophysical
Research

Entropy

Monthly Weather Review

Journal of Meteorological
Research

Journal of Geophysical
Research

Journal of Geophysical
Research

Journal of Geophysical
Research

Advances in Atmospheric
Sciences
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2014, 28(3)
2014, 142(2)
2014, 57(4)
2014, 31(4)
2014, 53(4)
2014, 53(7)

2014, 125(3-4)

2014, 66
2014, 7(4)
2014, 7(2)
2014, 31(4)

2014, 119(1)
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2014, 31(2)

2014, 119(9)

2014, 15(9)
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Lii Weitao,et al.

Lii Weitao,
et al.(2nd)

Ma Jianzhong,
et al.(3rd)

Meng Zhaoyang,
etal.

Ren Fumin
Ruan Zheng
Ruan Zheng

Su Jingzhi,et al.

Su Jingzhi,et al.

Su Jingzhi,
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Wang Donghai,
etal.

Wang Donghai,
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Wang Guanghui,
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Wang Hong,et al.

Wang Hong,et al.
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Wang Yaqiang

Wang Ying,et al.

Wang Yue

Wang Zhili,et al.
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Title

Three-dimensional propagation characteristics of leaders in a
downward negative lightning flash

Three-dimensional propagation characteristics of the upward
connecting leaders in six negative tall-object flashes in
Guangzhou

Lidar-observed enhancement of aerosols in the upper
troposphere and lower stratosphere over the Tibetan Plateau
induced by the Nabro volcano eruption

Seasonal variation of ammonia and ammonium aerosol at a
background station in the Yangtze River Delta Region, China

Characteristics of the regional meteorological drought events in
Southwest China during 1960—2010

Analysis of microphysical properties within the stratiform
region using spectra of L-band profile radar

Spectrum analysis of wind profiling radar measurements

Abrupt termination of the 2012 Pacific warming and its
implication on ENSO prediction

The initiation and developing mechanisms of central Pacific El
Nifos

The natural oscillation of two types of ENSO events based on
analyses of CMIP5 model control runs

In-situ measurements of cloud-precipitaion microphysics in
East Asia monsoon region since 1960

An orthogonal terrain-following coordinate and its preliminary
tests using 2-D idealized advection experiments

Numerical solution foe a parabolic obstacle problem with
nonsmooth initial data

A multisource observation study of the severe prolonged
regional haze episode over eastern China in January 2013

A study of the meteorological causes of a prolonged and severe
haze episode in January 2013 over central-eastern China

The transport and deposition of dust and its impact on
phytoplankton growth in the Yellow Sea

Operational data fusion framework for building frequent
landsat-like imagery

Impact of preceding El Nifio and the Indian Ocean dipole on the
southern China precipitation in early summer

Large-scale dynamics, anomalous flows, and teleconnections

Meteolnfo: GIS software for meteorological data visualization
and analysis

Coupling of comprehensive two-dimensional gas
chromatography with quadrupole mass spectrometry (GCxGC-
qMS): Application to the identification of atmospheric volatile
organic compounds

Precessional forced extratropical North Pacific mode and
associated atmospheric dynamics

Black carbon reduction will weaken the aerosol net cooling
effect

Improvement of cloud microphysics in the aerosol-climate
model BCC_ AGCM2.0.1 CUACE/Aero, evaluation against
observations, and updated aerosol indirect effect
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IEEE Transaction on
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Applications
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Wu Bingyi Dominant patterns of winter arctic surface wind variability Advances in Polar Sciences 2014, 25(4)
Millennial-scale phase relationship between North Atlantic
Xiao Dong,et al. deep-level temperature and Qinghai-Tibet Plateau temperature ~ Chinese Science Bulletin 2014, 59(1) SCI
and its evolution since the Last Interglaciation
Individual variations of winter surface air temperature over Atmospheric and Oceanic
Xin Yufei,et al. Northwest and Northeast China and their respective preceding mosp 2014, 7(4)
Science Letters
factors
. An important mechanism sustaining the atmospheric “water Atmospheric Chemistry
ARG G tower” over the Tibetan Plateau and Physics 2014, 14(14) - SCI
Xu Xiaobin, Two-year measurements of surface ozone at Dangxiong, a Journl of Environmental 2014, 26(1) SCI
et al.(2nd) remote highland site in the Tibetan Plateau Sciences ’
Xu Xiaobin, Wintertime peroxyacetyl nitrate (PAN) in the megacity Beijing:  Journal of Environmental 2014, 26(1) SCI
et al.(2nd) The role of photochemical and meteorological processes Sciences ’
Xu Xiaobin Wet deposition of acidifying substances in different regions
et al.(3rd) ’ of China and the rest of East Asia: Modeling with updated Environmental Pollution 2014, 187(4)  SCI
' NAQPMS
Yao Boet al. Atmosp.herl'c sulfur hexafluoride 1n—51Fu m'easur'ements at the J01.Jrna1 of Environmental 2014, 26(12)  SCI
Shangdianzi regional background station in China Sciences
An attempt to improve the microphysical parameterization of .
Yin Jinfang,et al. the Kessler-type warm cloud conversion process using CloudSat {:ellszzlcgf R giceical 2014, 29(1)  SCIE
observation
An investigation into the relationship between liquid water
Yin Jinfang,et al. content and cloud number concentration in the stratiform clouds ~ Atmospheric Research 2014, 139(1-2) SCI
over North China
SRl Progress in stu‘dles of the precipitation diurnal variation over Journal of Meteorological 2014, 28(5)  SCIE
contiguous China Research
Yu Rucon Study of different diurnal variations of summer long-duration Chinese Journal of
& rainfall between the southern and northern parts of the Huai . 2014, 57(2) SCI
et al.(2nd) . Geophysics
River
Yuan Naiming, Centur.y-sc.ale intensity modulation of large-scale variability in Journal of Climate 2014, 27(1) Ne
et al. long historical temperature records
Yuan Naiming, Different spatial cross-correlation patterns of temperature .
et al. records over China: A DCCA study on different time scales Rhviica & 0 Q) scl
Yuan Naiming, Extracting climate memory using fractlongl 1ptegrated statistical SentiTe R 2014, 4(1) Ne
et al. model: A new perspective on climate prediction
Zhai Panmao,et Changes in climate regionalization indices in China during Advances in Atmospheric 2014, 31(4) Ne
al.(2nd) 1961-2010 Sciences ’
v Eaneil S.easonal and diurnal variations of atmospheric peroxyacetyl Jot}rnal of Environmental 2014, 26(1) Ne
nitrate Sciences
i St Meteorological condlt.lon?. for the persistent severe fog and haze Sc¥ence China: Earth 2014, 57(1) Ne
event over eastern China in January 2013 Sciences
Zhane Renhe Impact of East Asian winter and Australian summer monsoons
el (%n d) ’ on the enhanced surface westerlies over the western tropical Journal of Climate 2014, 27(5) SCI
' Pacific Ocean preceding the El Nifio onset
Zhang Renhe, Impact of Indian summer monsoon on the South Asian High . .
et al.(2nd) and its influence on summer rainfall over China Cliiar RIS AUk ECR RS
Zhang Renhe, Intercomparison of spring soil moisture among multiple Journal of Geophysical 2014, 119(1) e
et al.(2nd) reanalysis datasets over eastern China Research ’
Three-dimensional variational data assimilation experiments for
Zhang Shengjun a heavy rainfall case in the downstream Yangtze River valle R
& Shengjun, weavy : . glze K1y Y Meteorological Society of 2014, 92(5)  SCI
etal. using automatic weather station and global positioning system Japan
data in southeastern Tibetan Plateau P
. Asian dust, eolian iron and black carbon—connections to Dielo mems mn
Zhang Xiaoye . Paleoenvironmental 2014, 16
climate changes Research
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Lightning discharges accompanied by initial breakdown pulses

Research on chaotic leader in cloud-to-ground lightning

Chemical composition and mass size distribution of PM, at an
elevated site in central east China

Variability, formation and acidity of water-soluble ions in PM, 5
in Beijing based on the semi-continuous observations

Experiments of artificially triggered lightning and its application
in Conghua, Guangdong, China

Simulation of the electrification of a tropical cyclone using the
WRF-ARW model: An idealized case

Efficiency enhancement of a process-based rainfall-runoff
model using a new modified AdaBoost.RT technique Shuang

Atmospheric pollutants transport tracks revealed from "'T, 'Cs,
and *Cs leaked from Fukushima accident and "Be and *'°Pb
observed at Guiyang of China

Validation of aura microwave limb sounder water vapor and
ozone profiles over the Tibetan Plateau and its adjacent region
during boreal summer

Influence of air mass downward transport on the variability of
surface ozone at Xianggelila Regional Atmosphere Background
Station, Southwest China

Analysis of the variability of canopy resistance over a desert
steppe site in Inner Mongolia, China

Climatic suitability of the potential geographic distribution of
Fagus longipetiolata in China

Determination of green aboveground biomass in desert steppe
using litter-soil-adjusted vegetation index

Drivers of lightning- and human-caused fire regimes in the
Great Xing

Estimating aboveground green biomass in desert steppe using
band depth indices

Impacts of climate change on rice yield in China from 1961—
2010 based on provincial data

Remote estimation of the fraction of absorbed photosynthetically
active radiation for a maize canopy in Northeast China

Composition and structure of Pinus Koraiensis mixed forest
respond to spatial climatic changes

Estimating canopy characteristics of Inner Mongolia’s
grasslands from field spectrometry

Assessment of the redistribution of soil carbon using a new
index—a case study in the Haihe River Basin, North China

Preliminary study of atmospheric carbon dioxide in a glacial
area of the Qilian Mountains, West China

On the relationship between direct and anisotropic diffuse
radiation
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