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Monsoon

Diurnal Variations and Characteristics of Summer Rainfall Over the South China Sea: Active vs. Inactive ISO Periods
Myung-Sook Park and Chang-Hoi Ho 
(School of Earth and Environmental Sciences, Seoul National University)
Yukari N. Takayabu 
(Centers for Climate System Research, University of Tokyo) 
Abstract

We examine the diurnal variations and characteristics in summer rainfall over the South China Sea (110°E(120°E, 10°N(20°N) for active and inactive intraseasonal oscillation (ISO) periods, which are characterized by strong and weak 850-hPa zonal winds, respectively. The diurnal variation and the characteristics of rainfall retrievals are obtaining from the Tropical Rainfall Measuring Mission (TRMM) Precipitation Radar (PR), and the corresponding meteorological conditions are sourced from the Japanese Reanalysis Analysis-25 and the Japan Meteorological Agency Climate Data Assimilation System.
The analysis from the rainfall retrievals from the PR show that diurnal rainfall peak over the South China Sea is observed in the late morning and late evening during the active and inactive ISO periods, respectively. We have attempted to explain the mechanism behind the different diurnal rainfall peaks by using the low-level local convergence that occurs consistently with the rainfall peaks. The morning rainfall peak of the active ISO period is induced by the local convergence over the west coast of the Philippines via the reduction of the westerly monsoon flows largely by the land breezes in the morning. The initiating system of the rainfall peak should be the well-organized oceanic convective system, based on the low convective rain fraction and high rain rate. On the other hand, the late-evening peak of the inactive ISO period is related to the local convergence that may occur via the greatest reduction of weak easterly monsoon flows by sea breezes in the late evening as well as the increased atmospheric instability over land. Such different diurnal peak of rainfall may mainly determine the rainfall characteristics for each ISO periods; the relative frequency distribution of PR reflectivity supports that the rainfall during the inactive ISO periods is more closely associated with the land convective system, which, in general, is well developed vertically. 
We finally suggest two representative rainfall systems for the active and inactive ISO periods, and discuss the relation between diurnal variation and characteristics of rainfall over the South China Sea. The present study can enhance our understanding of the main heat source acting during the entire Asian summer monsoon because most of the heaviest rainfall tends to occur along the coastal regions, e.g., along the west coast of the Indian Ocean and the Bay of Bengal. Further study about the detailed rainfall mechanism is now performing using numerical modeling. 
Key words: Diurnal variation, Rainfall, TRMM PR
Re-examination of Seasonal Cycle and Synoptic Weather Systems around Japan in Association with the“Seasonal Feeling”(with Focus Mainly on the Transition from March to April)

*Kuranoshin Kato
(Faculty of Education, Okayama University, Japan)

Yoshinori Mori  Yuuki Nakayama

(Graduate School of Education, Okayama University, Japan)

Haruko Kato

(Faculty of Education, Gifu Shotoku Gakuen University, Japan)
Abstract

In East Asia we experience characteristic seasonal cycle with various stages of the seasonal transition, greatly influenced by the Asian Monsoon system.  The significant rainy season "Meiyu/Changma/Baiu" is a typical example.  Such climate features have affected the human life there in various ways, i.e., not only through the meteorological disasters or the water resource, and so an, but also through building up the delicate "Seasonal Feeling".  For example, there are so many Japanese classic poems ("Tan-ka", "Hai-ku", etc.), literatures, and songs (children's songs, school songs, and artistic songs) reflected by such "Seasonal feeling".  On the other hand, the viewpoint in association with the change in the "Seasonal feeling" would be important for understanding and monitoring of the response of regional climate in East Asia to the global warming.  As for the seasonal march from early summer to the Meiyu/Baiu, many researches have been made.  However, detailed description is also needed for the other seasons. As such, we will re-examine various characteristic features in the seasonal march, including the behaviors of daily synoptic weather systems.  In the present lecture, we will mainly focus on the transition from March to April.

Although the change in the pattern of the atmospheric fields is not so "abrupt", increase in surface air temperature in the Japan Islands area as the seasonal march showed the largest around the beginning of April, based on the data from 1971 to 2001. It is interesting that the maximum increasing rate was observed simultaneously around that period, although the absolute value of the temperature was rather different from south to north. In addition, the insolation in clear days, also affecting the visual "feeling", increased largely then.  According to the analyses of atmospheric fields including the statistics with the daily surface weather maps, such rapid rise of the temperature there was associated with the decrease in appearance frequency of strong Siberian High and the increase in the deep extratropical cyclones around Mongolia in daily weather maps from March to April. As for the other seasons, we will additionally report in this presentation, e.g., rainfall peak around the northwest Kyushu just before the autumn rainfall season.
Key words: Seasonal Cycle in East Asia, Seasonal Transition in Spring
Reinvestigations on East Asian Subtropical Monsoon and Tropical Monsoon
He Jinhai, Qi Li, Wei Jin and Chi Yanzhen
 (Nanjing University of Information Science & Technolog, Nanjing 210044)

Abstract
East Asian monsoon consists of subtropical monsoon and tropical monsoon, whose interaction has not been paid attention to. NCEP/NCAR Reanalysis dataset and CMAP(Climate Prediction Center Merged Analysis of Precipitation) rain data are used to investigate differences and relationship between East Asian subtropical monsoon and tropical monsoon in order to discuss the essence of subtropical monsoon. Analyses find that the onset of subtropical monsoon breaks out on middle March, earlier relative to tropical monsoon. They are independent form each other, subtropical monsoon is not the northward branch of tropical monsoon, by contraries, the former onset is propitious to the latter break out. The subtropical monsoon sets up step by step but retreats rapidly, while the tropical monsoon breaks out suddenly but withdraws slowly. The subtropical/tropical monsoon onset is characteristic with southerly/westerly built, which lies on zonal/meridional land-sea thermal contrast reverse. Heating source over the Tibetan Plateau and zonal land-sea thermal difference play important roles not only on subtropical monsoon, but also on tropical monsoon.

Changes in the Dominant Patterns of Changma and Rainy Season

Kyung-Ja Ha, Kyung-Sook Yun, Sun-Seon Lee, and Sae-Rom Jang

 Division of Earth Environmental System, Pusan National University, Busan,  Korea

Akio Kitoh, and Shoji Kusunoki 

Climate Research Department, Meteorological Research Institute, Japan
Abstract

In this study, the changes in the seasonally dominant patterns during Changma and summer rainy season over the Korean Peninsula have been discussed with a long-term record in Seoul. According to the climate variability, the large scale environment over the East Asian monsoon region and monsoon precipitation has been changed. The association between the large scale circulation and the changes in the intra-seasonal oscillation and seasonal mean of precipitation has been examined. The temporal pattern in precipitation during the rainy season is the two peaks over the Korean Peninsula. The first peak is related with the Changma from the monsoonal flow, and the second peak is related with the meso-scale disturbances accompanied with heavy intensity rainfall and typhoon events. The effect of western Pacific Ocean sea surface temperature anomaly on the East Asian summer monsoon circulation has been examined with a 20-km resolution AGCM data from the MRI/JMA global warming experiment. The influence of increase in SST and the changes in the long-term precipitation have been compared. The most significant change relies on the intra-seasonal oscillation and the increase in extreme events rather than the seasonal mean. 
Key words: Changma, rainy season, monsoon circulation, precipitation
Infiltration of the Equatorial air Mass Into Mongolia and Tropical Plume over Asia in 2007 Summer

Hi-Ryong Byun

Dept. of Environmental Atmospheric Sciences, Pukyong National Univ.
Rep. of Korea.

In 2007 summer, 3 particular phenomena are found. 

1. Deep northward intrusion of equatorial air mass

From July 15 it is seen that equatorial air mass (mE) has tried to infiltrate into subtropical area of northern hemisphere. At July 24, this air mass (mE) instead of North Pacific High (tropical air mass, mT) has succeeded to intrude northward and finally arrived at Mongolia, which was so rare case that no similar cases have been reported yet. This phenomena are discernable especially when somebody focus on the variation of -5℃ isotherm line in 500hPa level, that shows cold air infiltrate northward from low latitudes. With it, the subtropical jet stream over East Asia disappeared at 300hPa and 200hPa level and the North-Pacific High did not progress northward movement though the Changma (rainy season of Korea) ended. 

2. Cut-off High over East Asia

Infiltrated mE made a cut-off high and persisted 17 days long (26, July~11 Aug, 2007) over Eastern Asia. Another blocking system has established at 12 August and persisted for a while. Then Warm humid air from the South China Sea intruded to Korea continuously. These made frequent heavy rains over Korea through Post-Changma and Kaul Changma season.

3. Tropical plume by two tropical depressions

A tropical plume that has not been reported yet over Asia developed along the East coast of China. At first the tropical depressions of Pabuk and Wutip lied in horizontal line near 20N at 8 August. Afterwards, Wutip moved northeastward and Pabuk southwestward. The two lied from northeast to southwest at 13 August and made a kind of tropical plume that moves the high altitude tropical air over Hong-Kong to the high altitude of middle latitude. Warm humid air over Hong-Kong penetrated directly to Korea by help of this process and made many tropical nights with heavy rains in Korea though there were little insolation.

Seasonal Rotation Features of Wind Vectors and Application to Evaluate Monsoon Simulations in AMIP Models
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Abstract

A new concept, the directed angle, is introduced to study seasonal rotation regimes of global wind vectors and annual variability of monsoon. Compared with previous studies on using angles between wind vectors, this concept better describes the daily variations of both rotation direction and rotation amplitude of wind vector. According to the concept, six categories of wind vector rotation with seasonal cycle in the global have been detected and classified as follows: (I) Clockwise to counter-clockwise (CTCC) rotation; (II) Counter-clockwise to clockwise (CCTC) rotation; (III) Full clockwise (FC) rotation; (IV) Full counter-clockwise (FCC) rotation; (V) Stable style; (VI) Unstable style. Generally, wind vectors in monsoon regions rotate in forms of the first four styles. Moreover, the rotation direction and rotation amplitude of wind vectors have regional differences, and different monsoon subsystems possess different rotation styles for wind vectors in an annual cycle. For instance, the South Asian monsoon follows the CCTC rotation, while the East Asian monsoon follows the FCC rotation. The CTCC rotation is seen in the South China Sea. Both the West Africa and the South Indo-China Peninsula are covered by the FC rotation. Therefore, the directed angle is able to describe the evolution of wind vectors on a daily scale, which provides a new clue for spatio–temporal information about wind vector variation and model evaluation. Using the new concept, this study aims at evaluating the model outputs of eight AGCMs of AMIP in the IPCC 4th assessment. Compared to the corresponding observations, most models are able to simulate the global rotation regimes of wind vectors reasonably well, however very little skill is shown in the monsoon rotation styles of some models, especially in the South China Sea and West Africa. Moreover, the simulations differ mostly from observations during the transitional season.
Definition of Onset and Withdrawal of Changma in Korea Using the Available Water Resource Index (AWRI)

Tae-Hee Kim and Hi-Ryong Byun, Ji-Sun Lee 
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Abstract
The onset and the withdrawal dates of Changma have been defined using Available Water Resource Index (AWRI) which continuously indicates the level of rainfall accumulation. The onset date of Changma was defined by the day when AWRI shows the minimum value during summer (June-August), and the withdrawal date by the maximum. For easy detection of the dates, 15-days moving average was used.
Most of years from 1976 to 2005, the defining the dates were not too hard, however it was difficult to determine in years when precipitation was small during Changma and when precipitation was too big by typhoon. 

The average onset date of Changma was June 21st, the withdrawal was July 21st, and the average duration was 30.7 days. Onset dates vary from June 6th to July 7th and coincide with the dates when outgoing long wave radiation decrease rapidly. The withdrawal dates vary from July 4th to August 3rd when outgoing long wave radiation increase rapidly.

The results were very similar to the dates defined from other studies in most of years. But in some cases differences as big as 15 days were detected. The amplitude of the duration of Changma is bigger in the result of AWRI method than in others.

Keywords: Changma, Onset, Withdrawal, Available Water Resource Index (AWRI), Outgoing Long wave Radiation (OLR)

Characteristics of Atmospheric Heat Source over Asia in Summer using Multiple Reanalysis Datasets and its Impact on the General Circulation of Atmosphere
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Abstract
The atmospheric heat sources are thought to play an important role in the formation and variation of Asian monsoon. In this paper, using the existent daily datasets from NCEP/NCAR (versionⅠandⅡ), ERA during the period 1979-2000 and Global Asian Monsoon Experiment (GAME) reanalysis in summer 1998, the horizontal distributions of the summer (June-August) heat sources are calculated and compared. Through verifying the essentiality of the vertical motion (ω) and latent heat (LH) in summer, rainfall and ω acts as the main factor for justifying the rationality of the total heating distributions. During 1979-2000, based on reverse method, using the result of NCEPⅠ, heating is in good agreement with rainfall and ω over Arabian Sea/the Indian Peninsula (hereafter “IP”), the Bay of Bengal (hereafter “BOB”) and east China. Using NCEPⅡ(reverse method, hereafter “RM”), heating over the IP, the BOB and the South China Sea (hereafter “SCS”) is not perfect. Especially, an illogical strong heating center appears over the southern IP. Insofar as the result of ERA (RM), heating is consistent with rainfall very well over the tropical region in Asia, nevertheless over East China and Japan the result of ERA data is unreasonable. In summer 1998, GAME is the most available to calculate heat sources over tropics, following is ERA. The distributions of heat sources by NCEPⅠ,Ⅱ(RM) are more reasonable over China. In summary, using RM, NCEPⅠand ERA adapt to be adopted to calculate heat sources over the tropical region of Asia, except for NCEPⅡ. However, not ERA but NCEPⅠandⅡare available for calculating heat sources over the subtropics, eastern region of China mainland and Japan. Although GAME just exists in 1998, the result of which is perfect for heat sources over the tropical and subtropical region of Asia. Besides, NCEPⅠis reasonable dataset for multiple mean heat sources in Asia during summer. 

According to the achievements above, we analyze the characteristics of the summer atmospheric heat sources of the Tibetan Plateau and discuss their relationship with the subtropical circulation and precipitation. The results are shown as follows:

1. There is a wave train from SCS near the equator to the Sakhalin Island at high latitudes in Asia. The northern SCS and Taiwan Island being regarded as a basic point, there would be negative correlation centers over the southern SCS, the belt from North China via North Korea to the south of Japan and the Sakhalin Island, respectively, and a positive center over the north of Japan. It indicates that the atmospheric heat sources of the SCS could have an effect on Kamchatka Peninsula along the wave train.
2. A good correlation emerges between the Meiyu precipitation and the atmospheric heat sources over the mid-lower reaches of Yangtze River and the Tibetan Plateau in June and July from 1971 to 2000, which may be associated with both the interaction between the Meiyu rainfall and the local atmospheric heat sources and the influence of the atmospheric heat sources over Tibetan Plateau.
3. During summer, the atmospheric heat sources over the eastern Tibetan Plateau are significantly correlated to the vorticity field with reverse circulation patterns on the upper and lower levels. Namely, when there are strong atmospheric heat sources over the eastern Tibetan Plateau, the South Asian anticyclone at 100 hPa would be intensified and so would the cyclonic circulation at 500 hPa over the Tibetan Plateau simultaneously. 

The Influence of the Tibetan Plateau in Different Seasons
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Abstract
Some new understanding of the mechanical as well as thermal effects of the Tibetan Plateau (TP) on the circulation and climate over East Asian in different seasons are investigated through diagnosis and numerical experiments. It is shown that the retarding and deflecting effects of the TP in winter generate an asymmetric dipole zonal-deviation circulation with a large anticyclone gyre to the north and a cyclonic gyre to the south. Such a dipole deviation circulation enhances the cold outbreaks from the north over East Asia, results in a dry climate in South Asia and a moist climate over the Indochina Peninsula and South China, and forms the persistent rainfall in early spring in South China. It is also demonstrated that in summer the heating over the TP leads to a significant variability in the atmospheric circulation on a quasi-biweekly time-scale, bearing much similarity to those found from the observational studies.

Interdecadal Variations of the East Asian Summer Monsoon and Precipitation Patterns In Last 531 Years over Eastern China
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Abstract

The interdecadal variations of the East Asian Summer Monsoon(EASM) are studied by data analysis. It is shown that there are two cycles of EASM in last century. The second cycle are carefully studied. It is pointed that the stronger period of EASM are from 1951 to 1966, the weaker from 1977 to 2000, the period of 1967-1976 is transition period. The physical processes of the interdecadal variations of EASM in 1970’s are also investigated. Based on simulations of EASM using NCAR CAM3 forced by monthly global and tropical SSTs, the interdecadal variations are also investigated.It is shown that the model results exhibits interdecadal variation with an abrupt shift happening in the late 1970s for EASM from a strong to a weak phase.
The Interdecadal variations of the drought/flood patterns are also studied by the rank data in last 531-years of 38 stations over eastern China. the EOF analysis is used to achieve three primary drought/flood modes：Pattern I—Huanghe-Changjiang homogeneous anomaly pattern；Pattern I

 = 1 \* ROMAN I—Huanghe-Changjiang contrary anomaly pattern；Pattern I

 = 1 \* ROMAN I

 = 1 \* ROMAN I—Huanghe-Jianghuai-South China alternating anomaly pattern. It is shown that there are clearly evidences of the interdecadal variability of the drought/flood patterns in last 531 years in Eastern China related to the EASM interdecadal variations..
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Variability of the Low-Level Cross-Equatorial Jet of the Western Indian Ocean Since 1660 as Derived from the Coral Proxies
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Abstract. Using month-season resolved proxies from a coral network in Indian Ocean basin, authors reconstructed the summer (June-July-August) low-level cross-equatorial jet in western Indian Ocean, which is an important component of the South Asian summer monsoon system, back to 1660AD. The skill of low-frequency reconstruction is acceptable, and the high-frequency reconstruction is of higher skill. Power density shows that on interannual timescales the outstanding peaks being 2.3, 2.9, 3.9, and 8.3 years. During the reconstruction period of 1856-1957, Niño3 SST is correlated with the jet wind at -0.36 for raw reconstruction. The correlation is larger, -0.41, for high-frequency reconstruction, both significant at 0.01 level. This suggests that the ENSO signals are reasonably captured in our reconstructions. On low frequency the raw reconstruction shows peaks of 12.2, 21.8 years. Solar influence should be one of the possible causes. Since the late 18th century to late 19th century, the jet has an increasing trend. However, the reconstructed jet strength shows no enhancing trend during the 20th century in association with the climate warming. Instead, the cross-equatorial jet slightly decreased in the first half of the 20th century, this decreasing can also found in COADS surface wind, and simulated jet in IPCC AR4 simulations for 20th century climate change (20C3M). Some wind-proxy showed a rapid increase in summer monsoon wind in recent centuries, particularly in the 20th century, and attributed the wind strengthening to the global warming. This is inconsistent with our reconstruction. More season-resolved wind proxy analysis is needed for clarification of this puzzling question.
Inter-Decadal Variability of East Asian Climate: Detection and Attribution
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Abstract
Associated with the regime shift of global climate system around the end of 1970s, East Asian climate has experienced an inter-decadal shift in the past decades. Summer precipitation has increased over the middle and lower reaches of the Yangtze River valley, whereas it has decreased over the middle to lower reaches of the Yellow River valley (hereinafter “southern-flooding-and-northern-drought”). Against the warming trend elsewhere, a cooling trend has been observed over southwestern China. There are controversies in the mechanisms responsible for the observed change. Recent work of the authors' group demonstrates the role of large scale inter-decadal variability in regulating the climate variability over East Asia. This presentation will summarize the authors’ progresses in the detection and attribution studies of the inter-decadal variability of East Asian climate. 
The main findings are listed below:

At odds with global warming trends, surface air temperature over large subtropical Eurasia continent in spring March exhibits unique strong cooling over the last half century. The cause for this cooling is shown to be related to Winter （DJF）North Atlantic Oscillation (W-NAO). Positive values of W-NAO provoke cooling signals in northern Africa continent simultaneously from surface to tropopause. The W-NAO generated signals barotropically extend eastward over most of subtropical Eurasia and reaches eastern China in March (Yu and Zhou, 2004, GRL).
A distinctive strong tropospheric cooling trend is found in East Asia during July and August. The cooling trend is most prominent at the upper troposphere around 300hPa. Accompanying this summer cooling the upper-level westerly jet stream over East Asia shifts southward and the East Asian summer monsoon weakens, which results in the tendency toward increased droughts in northern China and flood in Yangtze River Valley. The observational evidences raise the possibility that the East Asian summer tropospheric cooling links to the stratosphere temperature changes and the interaction between the troposphere and stratosphere (Yu et al. 2004 GRL).
Evidence is presented to show that the maximum annual mean cloud optical depth between 60°S and 60°N is located on the lee side of the Tibetan Plateau. This largest cloud optical depth is produced by persistent deep stratus clouds (primarily the nimbostratus and altostratus) during winter and spring. These deep stratus clouds are generated and maintained by the frictional and blocking effects of the Tibetan Plateau. The plateau slows down the overflow, inducing downstream midlevel divergence; meanwhile it forces the low-level flows to converge downstream, generating sustained large-scale lifting and stable stratification that maintain the thick stratus clouds. These stratus clouds produce extremely strong cloud radiative forcing at the top of the atmosphere, which fundamentally influences the local energy balance and climate change. Analysis of the long-term meteorological station observations reveals that the monthly mean anomalous cloudiness and surface temperature vary in tandem. In addition, the surface warming leads to destabilization and de-saturation in the boundary layer. This evidence suggests a positive feedback between the continental stratus clouds and surface temperature through changing lower-tropospheric relative humidity and stratification. It is shown that the positive feedback mechanism is more robust during the period of the surface cooling than during the surface warming. It is suggested that the positive climate feedback of the continental stratus cloud may be instrumental in understanding the long-term climatic trend and variations over East Asia (Yu et al. 2004, J. Climate).
The temperature shift over the eastern flank of the Tibetan Plateau is examined using the last 50 yr of Chinese surface station observations. It was found that a strong cooling shift occurs in early spring (March and April) and late summer (July, August, and September) in contrast to the warming shift in other seasons. The cause of the March–April (MA) cooling is investigated in this study. The MA cooling shift on the lee side of the Tibetan Plateau is found to be not a local phenomenon, but rather it is associated with an eastward extension of a cooling signal originating from North Africa that is related to the North Atlantic Oscillation (NAO) in the previous winter. The midtropospheric westerlies over the North Atlantic and North Africa tend to intensify during positive NAO phases. The enhanced westerlies, after passing over the Tibetan Plateau, result in strengthened ascending motion against the lee side of the plateau, which favors the formation of midlevel stratiform clouds. The increased amount of stratus clouds induces a negative net cloud–radiative forcing, which thereby cools the surface air and triggers a positive cloud–temperature feedback. In this way, the cooling signal from the upstream could “jump” over the Tibetan Plateau and leave a footprint on its lee side. The continental stratiform cloud–climate feedback plays a significant role in the amplification of the cooling shift downstream of the Tibetan Plateau (Li et al. 2005, J. Climate). 

Late spring (21 April–20 May) precipitation to the south of the Yangtze River in China along the East Asian front is a salient feature of the global climate. We revealed that during 1958–2000 South China (26°–31°N, 110°–122°E) has undergone a significant decrease in late spring precipitation since the late 1970s. The sudden reduction of the precipitation concurs with a notable cooling in the upper troposphere over the central China (30°–40°N, 95°–125°E). The upper-level cooling is associated with an anomalous meridional cell with descending motions in the latitudes 26°–35°N and low-level northerly winds over southeastern China (22°–30°N, 110°–125°E), causing deficient rainfall over South China. The late spring cooling in the upper troposphere over the central China is found to strongly link to the North Atlantic Oscillation (NAO) in the preceding winter. During winters with a positive NAO index, the upper-tropospheric cooling occurs first to the north of the Tibetan Plateau in early–middle spring, and then propagates southeastward to central China in late spring. It is suggested that the interdecadal change of the winter NAO is the root cause for the late spring drought over South China in recent decades (Xin et al. 2006, J. Climate).
We examined variations of the surface air temperature (SAT) over China and the globe in the twentieth century simulated by 19 coupled climate models driven by historical natural and anthropogenic forcings. Most models perform well in simulating both the global and the Northern Hemispheric mean SAT evolutions of the twentieth century. The inclusion of natural forcings improves the simulation, in particular for the first half of the century. The reproducibility of the SAT averaged over China is lower than that of the global and hemispheric averages, but it is still acceptable. The contribution of natural forcings to the SAT over China in the first half of the century is not as robust as that to the global and hemispheric averages. No model could successfully produce the reconstructed warming over China in the 1920s. The prescribed natural and anthropogenic forcings in the coupled climate models mainly produce the warming trends and the decadal- to interdecadal-scale SAT variations with poor performances at shorter time scales. The prominent warming trend in the last half of the century over China and its acceleration in recent decades are weakly simulated. There are discrepancies between the simulated and observed regional features of the SAT trend over China. Few models could produce the summertime cooling over the middle part of eastern China (27°–36°N), while two models acceptably produce the meridional gradients of the wintertime warming trends, with north China experiencing larger warming. Limitations of the current state-of-the-art coupled climate models in simulating spatial patterns of the twentieth-century SAT over China cast a shadow upon their capability toward projecting credible geographical distributions of future climate change through Intergovernmental Panel on Climate Change (IPCC) scenario simulations (Zhou and Yu 2006, J. Climate).
A significant inter-decadal cooling with vivid seasonality and 3-D structure is firstly revealed in the upper troposphere and lower stratosphere over East Asia. A robust upper tropospheric cooling appears in March and has two peaks in April and August, but in June, a moderate upper tropospheric warming interrupts the cooling, while strong cooling occurs in the lower stratosphere. The seasonally-dependent upper tropospheric cooling leads to a clear seasonality of interdecadal changes in the atmospheric general circulation and precipitation against their normal seasonal cycle over East Asia. In March, precipitation over Southern China (south of 26ºN) has increased in accordance with the strong upper tropospheric cooling occurring in northeast Asia. In April and May, following the southward extension and intensification of the upper tropospheric cooling, the normal seasonal march of the monsoon rain band has been interrupted, resulting in a drying band to the south of the Yangtze River valley in late spring. In June, the moderate upper tropospheric warming and strong lower stratospheric cooling over Northeast Asia has suddenly enhanced northward migration of the rain band and resulted in an increase of precipitation in the mid-lower reaches of the Yangtze River and further north. During July and August, the return of upper tropospheric cooling has weakened the northward progression of southerly monsoon winds, resulting in a mid-lower Yellow River valley (34º-40ºN) drought and excessive rain in the Yangtze River valley. The change of surface temperature is well correlated with the change in precipitation, especially in spring. The surface cooling is generally collocated with excessive rain, while the warming is generally collocated with droughts. Possible causes for the robust interdecadal change are discussed and stratosphere–troposphere interaction is suggested to play a crucial role in seasonally-dependent 3-D atmospheric cooling over East Asia (Yu and Zhou 2007, J. Climate).
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Combined Effects of Teleconnection Patterns on the East Asian Summer Monsoon Variability
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Abstract

Using the Japanese long-term Re-Analysis project (JRA-25) and ERA-40 reanalysis data, we investigated the characteristics of major teleconnection patterns on the East Asian summer monsoon variability and anomalous summer weather in East Asia, especially Japan and the surrounding regions.  Since the group velocities of stationary Rossby waves are eastward, the origins of the teleconnection patterns that can influence anomalous summer weather in East Asia are located to the far west of East Asia.  There are three major routes for the eastward propagation of the stationary Rossby waves because three waveguides link the wave source regions with East Asia, i.e., a polar front jet over northern Eurasia, an upper-level subtropical jet (Asian jet) over the Tibetan Plateau, and low-level monsoon westerlies induced by the South Asian summer monsoon system.  Each waveguide contributes to the dominance of a specific teleconnection pattern.  For convenience, three teleconnection patterns propagating along the polar front jet, the Asian jet and the low-level monsoon jet are named the EJ, WJ and PJ patterns, respectively.  The WJ and PJ patterns have close link with the South Asian and the Western North Pacific summer monsoon activities, respectively.  It is found that a coupling of WJ and PJ (or EJ and PJ) leads to a larger temperature change in East Asia, especially northern Japan, than a single teleconnection pattern alone.  It also appears that a tripole pattern prevailing in 500-hPa height anomaly field, which is intimately related to the East Asian summer monsoon activity, can be interpreted as a combined pattern of EJ and PJ.  A dynamical link between typhoon activity and the PJ pattern is also discussed.
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Abstract
The East-Asian winter monsoon is the most active atmospheric circulation system in the Northern Hemisphere winter; its southward burst can cross the equator and affect the Australia. In this process, it can result in the interactions between the mid-latitude and tropical atmospheric circulation over Asian monsoon area. With this focus, we will specifically aim at better understanding the atmospheric circulation characteristics corresponding to the East Asian winter monsoon anomaly and understanding their impacts on global atmospheric circulation, weather and climate. 
Firstly in this study, an intensity index to represent the East Asian winter monsoon (EAWM) was defined at first by using the Northern Hemisphere sea level pressure data of the Hadley Center and compared it with that defined by using the meridional wind at 850 hPa, then the interannual and interdecadal variations of the EAWM, and their anomalous features are investigated further through the data analysis. The results show that the EAWM exists not only clear interannual variations with the quasi-biannual and about 5～7 years periods mainly, but also interdecadal variations with 25～30 years and more than 10 years periods. According to the defined intensity index and the NCEP/NCAR reanalysis data, we used the correlation analysis and composite analysis to systematically study anomalous features of the atmospheric circulation associated the strong and weak EAWM anomaly. The comparison analysis show that for the strong/weak EAWM, there are opposite distributions of large-scale circulation systems (such as the Mongolia High, the Aleutian Low, and 500 hPa geopotential height pattern). And for the strong/weak EAWM cases, The Hadley circulation and Walker circulation is opposite in the tropics; the zonal wind over the equatorial western Pacific has different anomalies.

Furthermore, based on the data analysis on the anomalous EAWM, a GCM numerical simulation on anomalous features of the EAWM is completed by using the SAMIL model developed in the LASG/IAP. The simulation results show that a well climatology mean atmospheric circulation pattern and some systems at the upper troposphere and lower levels in wintertime is simulated. The simulations of strong/weak EAWM cases show that the atmospheric circulation patterns in the middle-high latitude have obvious change and adjustment, associated with the strong/weak EAWM. Also, tropical atmospheric circulation exists clear difference in the strong/weak EAWM. These simulated results are similar with the data analysis, so the features of variation and anomaly of the EAWM are revesled and determined further.

Key Words: East-Asian winter monsoon, interannual and interdecadal variations, intensity anomaly and feature, numerical simulation
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Abstract

We evaluate the El Niño-Southern Oscillation (ENSO)-Asian monsoon interaction in a version of the Hadley Center coupled ocean-atmosphere general circulation model, known as HadCM3. Our main focus is on two evolving anomalous anticyclones: one located over the South Indian Ocean (SIO) and the other over the western North Pacific (WNP). These two anomalous anticyclones are closely related to the developing and decaying phases of the ENSO, and play a crucial role in linking the Asian monsoon to the ENSO. It is found that the HadCM3 can well simulate the main features of the evolution of both anomalous anticyclones and the related SST dipoles, in association with the different phases of the ENSO cycle. 

By using the simulated results, we examine the relationship between the WNP/SIO anomalous anticyclones and the ENSO cycle, in particular, the biennial component of the relationship. It is found that a strong El Niño event tends to be followed by a more rapid decaying and is much more likely to become a La Niña event in the subsequent winter. The twin anomalous anticyclones in the western Pacific in the summer of a decaying El Niño are crucial for the transition from an El Niño into a La Niña. The El Niño (La Niña) events, especially those strong ones, strengthen significantly the correspondence between the SIO anticyclonic (cyclonic) anomaly in the preceding autumn and WNP anticyclonic (cyclonic) anomaly in the subsequent spring, and favor the persistence of the WNP anomaly from spring to summer. The present results suggest that both El Niño (La Niña) and the SIO/WNP anticyclonic (cyclonic) anomalies are closely tied with the TBO (Tropospheric Biennial Oscillation). In addition, the variability in the East Asian summer monsoon, which is dominated by the internal atmospheric variability, seems to be responsible for the appearance of the WNP anticyclonic anomaly through an upper-tropospheric meridional teleconnection pattern over the western and central Pacific.
Effects of Multi-Cumulus Convective Ensemble on East Asian Monsoon Rainfall Simulation

Doo Young Lee, Chi-Yung Tam, and Chung-Kyu Park 

APEC Climate Center, Busan, Korea

Abstract

The sensitivity of the summertime Asian Monsoon simulations on four convective parameterizations (MCA, Kuo, Simplified Arakawa-Schubert and Zhang and McFarlane), and a new unified “multi-cumulus convection scheme ensemble” (or the unified scheme), has been tested by employing these schemes on the same coupled GCM. In the unified scheme, all different schemes are run independently without modifying individual convection schemes. Simple average is applied to products of the physical parameterizations and is incorporated to the atmospheric model at every time step. We have carried out 4-month integrations of Seasonal Prediction Model Intercomparison Project (SMIP) - type for the boreal summer seasons during the period of 1979-1999, focusing on the formation of the Meiyu-Baiu-Changma rainband. The Kuo scheme is able to capture a reasonably strong subtropical front, while Simplified Arakawa-Schubert has the onset time closest to observation. The unified scheme seems to have both of these merits. It is able to reproduce a very prominent East Asian subtropical rainband. Moreover, the time evolution of the East Asian Monsoon is well reproduced in the unified scheme simulations. Further diagnostics suggest that the sensitivity of unified scheme simulation to moisture transport and radiation is closest to observation, compared to all other schemes being tested.
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Abstract
We develop a consistent analysis tool for evaluating in real time the forecast skill of the Madden-Julian Oscillation (MJO) in NCEP global operational forecast models and statistical models. Given the fact that operational dynamical forecast models produce outputs of relatively short forecast days (typically smaller than the period of the MJO), it is necessary to utilize an efficient method that does not depend on the data size. 
An empirical method applied in this study is based on projecting the daily observed data, with annual cycle and interannual variability eliminated, onto the leading pair of EOFs of the combined fields of equatorially averaged outgoing longwave radiation (OLR), 850-hPa zonal wind, and 200-hPa zonal wind. This method is proven to be very effective for the real-time extraction of the MJO-related variability. Here we extend this method to the extraction of the MJO signal from the outputs of NCEP global forecast models including the operational atmospheric model (Global Forecast System, GFS) and operational coupled model (Climate Forecast System, CFS). Since the initial conditions are exactly the same in the uncoupled and coupled models, the effect of the air-sea coupling on the forecast skill of the MJO can be also evaluated. Also, a few empirically derived prediction models such as lagged multiple linear regression, autoregressive models and empirical phase propagation are developed and compared with the numerical predictions. 
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Predictability of the Western North Pacific Summer Monsoon in APCC Multi-Model Ensemble
Bong-Geun Song, Kyong-Hee An, Chi-Yung Tam, and Saji N. Hameed

APEC Climate Center, Busan, Korea

Abstract
The East Asian summer monsoon (EASM) linked with the Western North Pacific Summer Monsoon (WNPSM) is a part of the global climate system and is affected by El Niño-Southern Oscillation (ENSO) and surface temperature variations in the western Pacific and surrounding oceans. The WNPSM circulation is characterized by a northwest-southeast oriented monsoon trough with intense precipitation, low-level southwesterlies, and upper-tropospheric easteries. It plays an important role in regulating regional climate systems in the East Asia region. We have performed inter-comparison analysis in terms of large-scale circulation of the WNPSM using historical hindcast predictions of APCC participating climate models for the period 1983-2003. The result indicates that many models are able to capture the leading mode of WNPSM variability as appeared in observation. Some models, however, can not simulate this mode and have their region of strongest variability displaced. The impact of ENSO on the WNPSM in a model environment is also evaluated. Finally, the implication of these on the performance of MME prediction is discussed.

Influence of Atmospheric Heat Sources over the Tibetan Plateau and the Tropical Western North Pacific on the Inter-Decadal Variations of the Stratosphere(Troposphere Exchange (STE) of Water Vapor

Ruifen ZHAN 1, 2, and Jianping LI 2
1 Shanghai Typhoon Institute of China Meteorological Administration, Shanghai 200030

2 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics(LASG), Institute of Atmosphere Physics, Chinese Academy of Sciences, Beijing 100029
Email: zrf@mail.iap.ac.cn
Abstract
A climatology shows that the upward transport of water vapor across the tropopause in summer is strongest over the boreal Asian region to south of 40(N using by Wei method (1987). The upward transport can carry the abundant water vapor into the stratosphere and then influence the distribution and variation of the stratospheric water vapor. This study investigates inter-decadal variations of the water vapor exchange over the boreal Asian region to south of 40(N in summer, and discusses the influences of atmospheric heat sources over the Tibetan Plateau and the tropical western North Pacific on them. EOF analysis shows that inter-decadal variations of the water vapor exchange are significant, and its abrupt change occurs in mid-1970s and early 1990s. The further studies show that atmospheric heat sources over the Tibetan Plateau and the tropical western North Pacific play a main role in determining the inter-decadal variations of water vapor exchange. Since 1958, the thermal influences of the Tibetan Plateau and the tropical western North Pacific have greatly adjusted. Their synthesis influences the inter-decadal variations of the water vapor exchange by changing the Asian summer monsoon. However, the roles of the Tibetan Plateau and the tropical western North Pacific are different with time and regions. Before 1992, both roles are consistent; while after 1992, the tropical western North Pacific is more important in influencing the inter-decadal variations of water vapor exchange than the Tibetan Plateau. Results have important implications for understanding the process of the Stratosphere(Troposphere exchange (STE).
The Features of 30-60d Oscillation and Their Impacts of on the Onset of the South China Sea Summer Monsoon

Zhiping Wen1
1Center for Monsoon and Environment Research/ Department of Atmospheric Sciences, Sun Yat-sen University, Guangzhou, 510275; Tel: 86-20-84110372; 

E-mail: eeswzp@mail.sysu.edu.cn

Impacts of 30-60d oscillation on the onset of the South China Sea summer monsoon (SCSSM) are studied using the NCEP/ NCAR-2 reanalysis data and NOAA data from 1979 to 2003. Results show that during the first half month of May, southward propagation of low frequency 850hPa westerly over the southeastern part of China, eastward propagation of that over the Bay of Bengal and westward propagation of that over the western Pacific warm pool favor the onset of SCSSM. Moreover, When low-frequency convection (LFC) over the southeastern part of China develops with southward moving, that over Kalimantan islands reinforces with northward propagation, that over eastern part of the Bay of Bengal strengthens with eastward extending and that over western Pacific warm pool develops with westward spreading, the SCSSM will break out earlier. 

The 30-60d low-frequency oscillation convections couple very well with the local meridional circulation over eastern Asia, they work together to cause the onset of SCSSM. 20 days before the onset of LFC over SCS, the upward branch of meridional circulation moved northward because of the northward shift of nearby LFC from equator. The LFC strengthens the vertical ascending motion over southeastern part of China. Five days before onset of LFC over SCS, LFC around Indo-china Peninsular moves eastward, LFC over southeastern part of China moves southward and LFC around Philippine moves northward. As a result, five days later, the LFC developed and strengthened rapidly over SCS, which is benefit to the formation of summer Anti-Hadley cell and the onset of SCSSM.

Key words: South China Sea Summer Monsoon; 30-60d oscillation; low-frequency Convection; Meridional circulation
References

[1] Madden R A, and P R. Julian, J. Atmos. Sci., 28, 702-708 (1971)

[2] Madden R A, and P R. Julian, J. Atmos. Sci., 29, 1109-1123 (1972)

[3] Murakami M., Mon. Wea.r Rev., 107, 994-1013 (1979)

[4] Krishnamurti T. N. and D. Subrahmanyam, J. Atmos. Sci., 39, 2088-2095 (1982)

[5] Chen T. C. and M. C. Yen, J. Atmos. Sci., 57, 1373-1392 (2000)

[6] Mao J. Y. and J. C. L. Chan, J. Climate, 18, 2388-2402 (2005)
Diagnostics of Multi-Model Ensemble at APEC Climate Center: East Asian Winter Monsoon Variability

Soo-Jin Sohn, Daisuke Nohara, Chi-Yung Tam, and Saji N. Hameed
APCE Climate Center (APCC), Busan, Korea
Abstract

The wintertime circulation of the East Asian continent is characterized by strong Siberian high and active cold surges, which strongly affect the local weather in the region. Capturing East Asian winter monsoon (EAWM) variability is therefore crucial for skillfully predicting the East Asia climate in general circulation models.

This study aims at diagnosing climate models taking part in APEC Climate Center (APCC) Multi-Model Ensemble (MME) Seasonal Prediction, focusing on Asian winter monsoon variability. EAWM variability in each model is compared with observation. The impact of major climate events such as El Nino on the winter monsoon in model environment is also evaluated. The results should shed light on the skill of monsoon prediction for each model and also for APCC MME system.
Effects of the Thermal Contrast between Indo-China Peninsula and South China Sea on SCS Monsoon Onset

Liu Xuanfei, Li Qing, He Jinhai,

（Nanjing Univeisity of Information Science and Technology, Nanjing, PRC）
By using 1958-1998 NCEP/NCAR reanalysis data and 1975-1998 OLR data, the seasonal and interannual variation characteristics of thermal contrast between Indo-China Peninsula(ICP) and South China Sea(SCS) are analyzed,  along with the effects of such thermal contrast on SCS monsoon onset(SCSMO) . 
There is clear seasonal variation in the thermal contrast between ICP and SCS(TCIS). The surface temperature of ICP is higher than that of SCS during 3-25 pentads due to the effects of sensible heating. After 25th pentad, the TCIS gradient will reverse.

The reversion happens prior to(or simultaneous with) SCSMO each year,. thus becoming a precondition for SCSMO. The TCIS is favorable for northerly(southerly) at low(high) level over conjunction between ICP and SCS. Superimposed upon large-scale latitudinal sea-land thermal contrast between Eurasia and the Indian Ocean, The TCIS is therefore suitable for the appearance of cyclonic circulation over lower SCS and expel the subtropical high out from SCS, thus leading to the SCSMO. Further study reveals that it is the convection and precipitation over ICP in 22-23 pentads that lead to the reversion of TCIS by reducing the surface temperature over ICP. 
The interannual variation of TCIS also plays an important part in SCSMO. There is a prominent correlation between the date of SCSMO and duration which the surface temperature of ICP is higher than that of SCS. The earlier(later) the date which the surface temperature of ICP becomes higher(lower) than that of SCS, the later the SCSMO.

Key words: SCSMO, ICP; sea-land thermal contrast
Effects of the Thermal Contrast Between Indo-China Peninsula and South China Sea on SCS Monsoon Onset
Liu Xuanfei, Li Qing, He Jinhai

（Nanjing Univeisity of Information Science and Technology, Nanjing, PRC）
Abstract

By using 1958-1998 NCEP/NCAR reanalysis data and 1975-1998 OLR data, the seasonal and interannual variation characteristics of thermal contrast between Indo-China Peninsula(ICP) and South China Sea(SCS) are analyzed,  along with the effects of such thermal contrast on SCS monsoon onset(SCSMO) . 
There is clear seasonal variation in the thermal contrast between ICP and SCS(TCIS). The surface temperature of ICP is higher than that of SCS during 3-25 pentads due to the effects of sensible heating. After 25th pentad, the TCIS gradient will reverse.

The reversion happens prior to(or simultaneous with) SCSMO each year,. thus becoming a precondition for SCSMO. The TCIS is favorable for northerly(southerly) at low(high) level over conjunction between ICP and SCS. Superimposed upon large-scale latitudinal sea-land thermal contrast between Eurasia and the Indian Ocean, The TCIS is therefore suitable for the appearance of cyclonic circulation over lower SCS and expel the subtropical high out from SCS, thus leading to the SCSMO. Further study reveals that it is the convection and precipitation over ICP in 22-23 pentads that lead to the reversion of TCIS by reducing the surface temperature over ICP. 
The interannual variation of TCIS also plays an important part in SCSMO. There is a prominent correlation between the date of SCSMO and duration which the surface temperature of ICP is higher than that of SCS. The earlier(later) the date which the surface temperature of ICP becomes higher(lower) than that of SCS, the later the SCSMO.
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Evaluation of Diurnal Variations in Precipitation over East Asia in the WRF and RSM

Myung-Seo Koo, Kyo-Sun Lim, Jung Choi, Ji-Woo Lee 

and Song-You Hong
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Abstract

This study examines the performance of two regional models focusing on the diurnal variations in precipitation over East Asia during July 2006. The Weather Research and Forecasting (WRF) model and National Centers for Environmental Prediction (NCEP) Regional Spectral Model (RSM) are forced by NCEP/Department of Energy (DOE) reanalysis. First, the Tropical Rainfall Measuring Mission (TRMM) satellite measurement rainfall is validated by Global Precipitation Climatology Project (GPCP) and ground measurement, Automatic Weather System (AWS) over South Korea.

The preliminary results showed that the RSM performs better than the WRF in synoptic-field simulation, whereas the precipitation is better in the WRF than in the RSM. In particular, heavy rainfall over Korea is very well reproduced by the WRF, which is too weak by the RSM. The diurnal variation of the precipitation and temperature in both models reveal that the modeled diurnal variation of precipitation is too strong as compared to that from the observed. Also, daytime convection is overestimated by both model, with a stronger amplitude by the WRF.
The Relationship Between East Asian Winter Monsoon’s Zonal Abnormal and Meiyu Precipitation of Jiaxing

Lu Chenli1)2)

1)（Department of Earth Sciences, Zhejiang University, Hangzhou, 310027；）
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Abstract

Using NCEP reanalysis monthly average SLP data, a new winter monsoon intensity index is defined to show the intensity difference of winter monsoon between mid and high latitudes. This index agrees well with the east Asian winter monsoon index. Generally, when the new winter monsoon index is stronger, the east Asian winter monsoon index is stronger, and the new winter monsoon index is weaker when the east Asian winter monsoon index is weaker, too .
The correlation between the new index and Meiyu precipitation of JiaXing was studied. The results show that the abnormality of east Asian winter monsoon will cause the abnormal Meiyu precipitation in the following summer and the influence will last two or three years. There is a positive correlation between the new winter monsoon index and later Meiyu precipit- ation of JiaXing on both interannual and interdecadal scales. JiaXing’s Meiyu precipitation will mostly be heavy (light) when preceding winter monsoon is strong (weak). The variation trend of the JiaXing’s Meiyu precipitation is behind that of the index.The Meiyu precipitation of JiaXing will continually be heavy (light) when the NWMI index has continually strengthened (weakened) for 2 years and the winter monsoon is strong (weak). The effect on later precipitation caused by weak winter monsoon is slower than that caused by strong winter monsoon. 

The composite anomalies of 500hPa height show that the pattern of north positive (negative) and south negative (positive) favors the development of meridional (zonal) circulation over mid and high latitudes. The meridoinal (zonal) circulation will benefit (disbenefit) the southward movement of the cold air. Also the pattern has a persistent effect on the circulation, which favors (disfavors) the meiyu precipitation. A possible explanation for the continual effect of the zonal winter monsoon’s abnormality on the Meiyu precipitation of JiaXing is that the continually strengthening (weakening) strong (weak) winter monsoon causes the abnormality of westerly (easterly) in the equatorial Pacific Ocean, which will trigger the happening of El Nino (La Nina) through abnormal variation in sea surface temperature.
Key words: New winter monsoon index; Zonal abnormal; Meiyu precipitation; atmospheric circulation; continual influence
Impact of ENSO on the Northward Propagating Intrasesonal Oscillation in the East Asian Summer Monsoon
Kyung-Sook Yun, Kyong-Hwan Seo* and Kyung-Ja Ha
(Division of Earth Environmental System, Pusan National University, Busan, Korea)

Abstract

The relationship between ENSO and the northward propagating intraseasonal oscillation (NPISO) in the East Asian Summer Monsoon (EASM) system is presented in this study. NPISO activity is measured by the seasonal variance calculated from the first two leading empirical orthogonal function modes of the intraseasonally 30-60 day bandpass filtered OLR anomalies. The boreal summer NPISO activity shows a statistically significant correlation with the preceding winter extreme phase of ENSO cycles. The maximum correlation appears during late summer, implying the possible association with the secondary rainfall peak of the EASM cycle. The westwardly expanded broad anticyclonic circulation over the western North Pacific (WNP) and the smaller cyclonic circulation around Korea and Japan are observed to be associated with the NPISO activity and ENSO. 

ENSO gives rise to the springtime basin wide Indian Ocean sea surface temperature warming through the Walker and Hadley circulation, and the warming leads to the suppressed convection anomaly over the Philippine Sea and enhanced convection to the east of Japan. The suppressed convection induces a downstream Rossby wave train, and Consequently the summertime subtropical high in the WNP and cyclonic circulation anomaly around Korea and Japan occur to the northwest of the convection. It is revealed that ENSO affects the late summer NPISO activity through the air-sea interaction, atmospheric bridge and downstream wave propagation. 
Key words: East Asian Summer Monsoon, ENSO, Northward propagating ISO
Changes in the Dominant Patterns of Changma and Rainy Season

Kyung-Ja Ha, Kyung-Sook Yun, Sun-Seon Lee, and Sae-Rom Jang
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Abstract

In this study, the changes in the seasonally dominant patterns during Changma and summer rainy season over the Korean Peninsula have been discussed with a long-term record in Seoul. According to the climate variability, the large scale environment over the East Asian monsoon region and monsoon precipitation has been changed. The association between the large scale circulation and the changes in the intra-seasonal oscillation and seasonal mean of precipitation has been examined. The temporal pattern in precipitation during the rainy season is the two peaks over the Korean Peninsula. The first peak is related with the Changma from the monsoonal flow, and the second peak is related with the meso-scale disturbances accompanied with heavy intensity rainfall and typhoon events. The effect of western Pacific Ocean sea surface temperature anomaly on the East Asian summer monsoon circulation has been examined with a 20-km resolution AGCM data from the MRI/JMA global warming experiment. The influence of increase in SST and the changes in the long-term precipitation have been compared. The most significant change relies on the intra-seasonal oscillation and the increase in extreme events rather than the seasonal mean. 

Key words: Changma, rainy season, monsoon circulation, precipitation
Features of Low Frequency Oscillation for Moisture Transport During Drought/flood year over Jianghuai Basin

Liang Ping1), Chen Longxun2), He Jinhai3)
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Abstract
Using the daily NCEP/NCAR reanalysis dataset and the observation rainfall data in China for the 1971-2000 period, the characteristics of low-frequency oscillation (LFO) for moisture transport and its relations with rainfall during drought/flood year over middle and lower reaches of the Yangtze River are analyzed. Results show that obvious LFO exists in meridional moisture transport over middle and lower reaches of the Yangtze River during flood year while that during drought year is unnoticeable. The anti-cyclonic low-frequency moisture transport circulation over the west Pacific triggered by the northward propagation of cyclonic low-frequency circulation from the tropics interacts with the moisture transport from the north of Jianghuai basin, which is corresponding to more rainfall during Meiyu period. On the contrary,  inactive low-frequency perturbation without northward propagation and the anti-cyclonic low-frequency moisture transport circulation over the west Pacific westward propagation may attribute to the less rainfall during Meiyu period.

Key words: moisture transport; low frequency oscillation; drought and flood; Jianghuai basin
Influence of the Northern Hemisphere Annular Mode on El-Niño Southern Oscillation
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Abstract
The influence of the Northern Hemisphere annular mode (NAM) on the El-Niño Southern Oscillation (ENSO) was examined using 41 years of NCEP/NCAR reanalysis data set. The NAM index in spring has significant correlation with the Niño-3 index in the following winter. The NAM’s signature on an anomalous westerly in the tropical Pacific corresponds with the modulation of the westerly wind burst (WWB). The signature of the spring NAM on the tropical westerly anomalies follows the modulated WWB and continuously broadens eastward from summer to winter. The NAM-related SST anomalies in the tropical Pacific also broaden from summer to winter, and then, it consists with an anomaly pattern of ENSO in winter.

An AGCM experiment, in which SSTs are fixed as a climatological-mean monthly distribution, also shows same result for the relationship between the NAM and tropical westerlies in spring. An agreement between the observational result and the model experiment indicates the possibility of that the NAM actively influences on the tropical circulations.

A probable mechanism how the NAM affects tropics was examined using 26 years of NCEP/DOE reanalysis data set. The frequency of the cold and dry surge defined by northerly and temperature dropping increases associated with the positive phase of the NAM. The cold and dry air gains heat and moisture from the warmer ocean in the tropical Pacific. Since the tropical atmospheric heating induces a Rossby response through the Matsuno-Gill theory, surface pressure anomalies related to the spring NAM consists with the twin cyclone. The westerly between the cyclones intensifies the WWB. As a result, the NAM could be an indirect trigger of ENSO through the modulation of the WWB.
Key words:  NAM/AO
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Regional Climate Modeling on the Multi-scale Oscillations over the Lower and Middle Reaches of Yangtze River in Summer
Hu Yijia1, Zhong Zhong1, Jia Bei2
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Abstract

The purpose of this paper is aimed at verifying the ability of regional climate model to reproduce the multi-scale oscillation over the lower and middle reaches of Yangtze River in summer, in terms of the seasonal-scale simulation by RegCM3 for the case of 1998 over East Asia and wavelet decomposition technique. The results show that the lower-frequency precipitation oscillation can be reproduced well by the model, but it is worse for the higher-frequency oscillation, especially for the oscillation with 2-day period and 8-day period. The model gives a cooler temperature all over the troposphere mainly caused by the simulated lower-frequency colder temperature, and the simulated error for temperature in lower troposphere is caused by the simulation error with high-frequency, which is possibly due to the failure of simulation to the temperature diurnal variation associated with the land-atmosphere interaction. The lower-frequency temperature error covers the main portion in the upper troposphere, and it is important to improve the ability of the model in describing the lower-frequency temperature all over the troposphere. The temperature oscillation with all time-scale is not corresponding to that of precipitation during Mei-Yu period in general, but the oscillation of EDDY is basically coincided with that of precipitation, except for that with 8-day period. The concentration period for precipitation during Mei-Yu period is mainly composed of the oscillation with timescale longer that 16 day and shorter than 4 day, and the oscillation with 8-day period contributes less to the precipitation during Mei-Yu period. Whereas for the correlation coefficient, the longer the oscillation time-scale for EDDY, the more the variation of the correlation coefficients in vertical, and the variance contribution rate is almost the same for oscillation of EDDY with all timescales. The oscillations of humidity with 2-day and 4-day periods can exhibit the concentration period of the precipitation during Mei-Yu period.

Key words: Regional climate model, wavelet decomposition, lower and middle reaches of Yangtze River, multi-scale oscillation, summer, simulation
Simulation of the Meso-( Cyclone Accompanied with Storm Surge on 31 March 2007 in the Western Coast of Korea: Model Comparison between MM5, WRF and COAMPS
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Abstract

The highly qualified information for the sea level pressure and sea surface wind stress is required to predict the storm surge in the Korean Peninsula. The storm surge on 31 March 2007 at Yeong-Gwang was very unusual in the presence over the western coast and in the cause of the usual mesoscale cyclone development. The wave height above 2m was unpredictable in the numerical weather prediction model. 

In the present study, we attempt to produce the reliable surface wind, and sea level pressure using the data assimilation technique of SST and assimilation cycle in the different models such as MM5, WRF, and COAMPS. The nested domains over the center of 35.0N and 129.0E are covered with 115*124 grids in the 27km mesh and 175*238 grids in the 9km mesh systems, respectively. We used the physics selected as the optimal parameterizations for the high wind condition. In addition, the Charnock’s relations and the coupling of the wave effect and roughness will be included. 

The model simulations in the field of sea level pressure show that the time and the magnitude for the maximum dropped surface pressure are characterized in the each model. In relation to the sea surface wind simulation, the arrival time and the positions for the maximum wind are compared and discussed. Finally we try to investigate the cause of the cyclone development and the predictability of the storm surge with the use of MM5, WRF and COAMPS.

Key words: Storm surge, Atmospheric state, MM5, WRF, COAMPS
Air-Sea Interaction
Sensitivity Experiments of the Response of Oceanic General Circulation Model to the Wind Stress
Wu Haiyan1, Zhang Ming1, Li Chongyin1,2
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Abstract
Sensitivity experiments are done to evaluate the response of a oceanic general circulation model to the wind stress.We adopt two different wind stresses deriving from SODA reanalysis data to force the model,which are original stress data(called control experiment) and minishing data in （10ºS～10ºN，180ºE～120ºW）(called sensitivity experiment),and then compare the results with the contemporaneous data. The results show that: 

The ocean surface is sensitive to the wind stress. Simulated circulation in the up tropical Pacific is smaller than the data and south equatorial stream center is at the equator. When the wind stress is decreasing, the circulation is decreasing too, so the anomalous westerly flow appears in the Pacific, and the upflow in the east Pacific is decreasing. This makes for west warm flow propagating to the east, and the cold tongue withdraws. Reducing the wind stress can improve the ability to simulate sea surface temperature, and the influence area is mainly in the experiment area.

Simulated mean SST distributing is similar to the data, but the simulated SSTA in Niño 3 is not good. Changing the wind stress is mainly changing the distance size but is not working on the trend. The model works on warm events better than the cold events, but when simulating strong warm events the result is weaker.

This model can simulate the basic climatic form in the subsurface. When the wind stress is decreasing, it not only influences on the experiment area but also on the west Pacific ocean. The thermocline is shallower in the tropical Pacific ocean. The simulation of the SOTA in western pacific warm pool is better than the SSTA in Niño 3.

Although this model can simulate the basic climatic form, many schemes, such as improving resolution,adjudting wind stress, changing mix schemes, should be altered to improve the simulation ability.

Key words: oceanic general circulation model;wind stress;sensitivity experiment
Intensities of Hadley, Walker, and Monsoon Circulations Compared in the Upper and Lower Troposphere
Hiroshi L. Tanaka and Masako Takemoto (Japanese)

Center for Computational Sciences, University of Tsukuba, Japan

Abstract

In this study, intensities and interannual variabilities of Hadley, Walker, and monsoon circulations at the lower troposphere are analyzed and compared with those at the upper troposphere, using velocity potential data at 850-hPa and 200-hPa. Tropical circulations are decomposed in the components of the Hadley, Walker, and monsoon circulations by considering their different driving forces, following the method by Tanaka et al. (2004) to better understand the trends and variabilities of the tropical circulations. As a result, the ratios of the intensities of Walker, monsoon, and Hadley circulations appear to be 56:28:14 in boreal winter and 56:36:15 in boreal summer for the lower troposphere. Although intensities of the circulations at the lower level are less than 50％ of the upper troposphere, the ratios of these tropical circulations are comparable to those in the upper troposphere. A weakening trend of the intensity of the Walker circulation and the intensifying trend of the Hadley circulation in boreal winter are detected at the lower troposphere in agreement with that in the upper troposphere by our previous study.

The Changes of ENSO Properties under Increased CO2
Lin DENG and Xiuqun YANG

Department of Atmospheric Sciences , Institute of Severe Weather and Climate ,Nanjing University , Nanjing 210093
Abstract
The changes of ENSO properties under increased greenhouse gases, according to the Intergovernmental Panel on Climate Change (IPCC) pre-industrial control experiment and 1%/year CO2 increase experiment (to quadrupling), seven models are analyzed during the model year 71-140yr.

The changes of ENSO properties, including ENSO amplitude and frequency, phase locks to annual cycle and the life-cycle of the ENSO events, are studied. Compared with the obvious increase of ENSO amplitude in the gfdl_cm2_0, inmcm3_0 and bcm models, the other four models including ipsl_cm4, cnrm_cm3, miroc3_2_medres, and cccma_cgcm3_1 model show decrease. The frequency of ENSO increased in the gfdl_cm2_0, cnrm_cm3, miroc3_2_medres and bcm model, however, the ipsl_cm4 and inmcm3_0 model ENSO frequency decreased. The ENSO phase locking shows a change in three models (gfdl_cm2_0, ipsl_cm4 and inmcm3_0). There is no consistent conclusion of future changes in ENSO. 
The impact of mean state on ENSO under increased CO2 is analyzed. Along with the increase in CO2 concentration, the gfdl_cm2_0, cnrm_cm3, miroc3_2_medres and bcm models with time-mean zonal wind in the equatorial Pacific Ocean decreased and the thermocline along equator become shallower at the central equatorial Pacific ocean. These models ENSO frequency increased. The ipsl_cm4 and inmcm3_0 model is absolutely opposite. There is no obvious relationship between the changes of annual cycle and ENSO amplitude.
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Abstract
Based on the sea surface temperature anomalies (SSTAs) for the warm and cold phases of Pacific Decadal Oscillation (PDO), by using the CCM3/NCAR AGCM, 7 sets of experiments prescribed with 1) SSTAs for the warm phase of PDO in the whole Pacific (PPac Expr), 2) SSTAs for the cold phase of PDO in the whole Pacific (NPac Expr), 3) SSTAs for the warm phase of PDO in the tropical Pacific (PEQPac Expr), 4) SSTAs for the cold phase of PDO in the tropical Pacific (NPEQPac Expr), 5) SSTAs for the warm phase of PDO in the extratropical North Pacific (PNPac Expr), 6) SSTAs for the cold phase of PDO in the extratropical North Pacific (NNPac Expr), and 7) climatological SST in the global ocean (CTRL Expr), are carried out, each of which is run for 18 months including 10 ensemble members with different initial conditions, so that to understand the mechanism of the impacts of decadal SSTAs in different parts of the Pacific on winter and summer climate variabilities over East Asia. The main conclusions are the followings, (1) In winter for the warm (cold) phase of PDO, there is a remarkably positive (negative) Pacific/North America (PNA) response pattern over Pacific and North America, both the East Asian trough and the winter monsoon over East Asia are strengthened (weakened). In summer for the warm (cold) phase of PDO, there is an obvious positive (negative) Pacific-Japan (PJ) response pattern over East Asia, western Pacific subtropical high is intensified (weakened) and shifted southwards (northwards), summer monsoon over North East Asia is reduced (enhanced) whereas summer monsoon over South East Asia is enhanced (reduced). (2) During the warm and cold phases of PDO, the impacts of Pacific decadal SSTAs on climate variabilities over East Asia are almost reverse, and the actions for the decadal SSTAs in the tropical Pacific are very similar to those in the whole Pacific, however, the impacts of decadal SSTAs in the extratropical North Pacific on the climate variabilities over East Asia are not completely reverse due to the strong internal variabilities in the mid-high latitudes. Therefore, the influences of tropical Pacific decadal SSTAs to the East Asian climate variabilities dominate those of the whole Pacific decadal SSTAs. (3) The impacts of decadal SSTAs in the tropical Pacific on East Asian climate variabilities are more significant for the warm phase of PDO than those for the cold phases of PDO, as for the decadal SSTAs in the extratropical North Pacific, it is just the contrary, which indicates that considering the impacts of decadal SSTAs on the decadal climate variabilities over East Asia, the key regions probably happen to change from extratropical North Pacific to tropical Pacific with the transition from cold phase to warm phase of PDO. Basically, all the above conclusions are consistent with the previous study results derived by the observational and reanalysis data, and it suggests that the decadal SSTAs in the whole Pacific, especially in the tropical Pacific, contribute momentously to the East Asian decadal climate variabilities.

Key words: PDO, tropical Pacific and extratropical North Pacific, decadal SSTAs, East Asian climate variabilities

Unstable Coupled Waves in the Air-Sea System and Its Relationship with Inter-Decadal Oscillation
Lu Wei-song,  Tao Li,  Zhang Yan-bin,  Su Lei

(Department of Atmospheric Sciences,

Nanjing University of Information Science and Technology, Nanjing, 210044, China)
Abstrat
A set of analytic solutions were obtained on the basis of a sets of simple air-sea coupled equations including the deep ocean effects to investigate the mechanism of the inter-decadal oscillation in the mid-latitude. The spatial and temporal features of the unstable coupled waves in the mid-latitude air-sea system are investigated. Results show that: (1)The analytical solution shows that the unstable coupled waves can be generated by air-sea interaction, and the period of the unstable air-sea coupled wave is about 18year~105year. (2) The e-folding time of the unstable wave exist the minimum point with the coupled coefficient of air-sea interaction, and the minimum point corresponds to the period of the most unstable coupled wave, the period of most unstable are-sea coupled wave is 18-year at mid-latitude, 3.5 year at low latitude and 35-year at high latitude separately. (3) For the unstable coupled waves in the air-sea system, the air disturbance leads the sea disturbance in phase, from 0 to π/2. Especially when the phase is π/4, the most unstable wave were generated by air-sea interaction with the period of 18-year. (4) The deep ocean coefficient influence the spatial structure (the amplitude ratio between and the phase difference the air disturbance and the sea disturbance) of the waves slightly, but it effects its temporal structure (e-folding time and the period of coupled wave) a lot. 

This might be one of the possible mechanisms to drive the quasi-decadal oscillation of the air-sea system and might be one new development of Charney’s baroclinic instability in air-sea interaction system. 

Key words: air-sea interaction; decadal oscillation; unstable; coupled waves

A Further Investigation on Tropical Indian Ocean Dipole Index
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Abstract
The Indian Ocean Dipole (IOD) mode, which is also known as the Indian Ocean Zonal mode, is characterized by an east-west dipole pattern in sea surface temperature (SST) anomalies. The SST anomalies are found to be closely associated with changes in surface winds. The anomalous winds related to IOD raise (deepen) the thermocline in the east (west) that gives rise to a subsurface dipole. However, data analyses revealed that the SST anomalies in the eastern tropical Indian Ocean (TIO), together with the temperature anomalies above 50m and below 150m in situ, are positively related to the western counterparts. The temperature anomalies in subsurface from 50-150m in the eastern TIO are negatively related to the analogue in the western TIO. As a consequence, the subsurface dipole pattern is much stronger than the mode in the surface. In fact, the primary modes of SST anomalies are composed by the monopole pattern and dipole. The former with basin wide same sign, are reacts of SST in TIO to ENSO at interannual time scale and to the global warming by the surface thermal fluxes between air and sea. The latter are dominated by the ocean-atmosphere dynamic processes. In such a way a new index of IOD are revised in terms of SST anomalies with monopole removal. The revised index gives a similar structure in surface to the pattern in subsurface, i.e., the eastern pole exists in the southeast TIO, and the western pole is consisted of two centers off equatorial Indian Ocean. The structure implies that the western anomalies are possible Rossby-like response to the eastern anomalies. The composite of extreme IOD events shows that the evolutions are rather a local seesaw style oscillation than propagation. This work is supported by China National Natural Science Foundation under grant 40405010.
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Ocean Climate Changes to Atmospheric CO2 Quadrupling in a Coupled GCM
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Abstract

It is well known that oceans spread the heat trapped by greenhouse gases downward, thereby reducing the rate of warming of the ocean surface. The role of the oceans in determining the rate of warming induced by greenhouse gases has been the subject of several studies (Hoffert et. al. 1980; Bryan et al. 1982, 1988). These several studies indicate that oceans have a major influence upon the rate and the distribution of climate change. However, a major effort is required to elucidate the specific dynamical mechanisms that control the greenhouse warming of climate. The tropical Pacific is a key region for understanding and predicting global climate variations. In particular, El Nino-Southern Oscillation (ENSO) is the earth's dominant fluctuation on interannual time scales. A key test of a comprehensive global coupled general circulation model (CGCM) is whether it provides accurate simulations of tropical Pacific climate and ENSO. A vertical baroclinic mode is due to the vertical temperature distribution of the ocean. It was found that the vertical baroclinic mode is related with the El Nino change (using the observation data, SODA) (Moon et al., 2004). The global warming can affect tropical ocean heat transport (Hazeleger, 2005). Yeh et al (2006) investigated that ENSO amplitude changes in climate change commitment to atmospheric CO2 doubling. The intent of this study is to investigate ENSO variability in transient increase CO2 simulation with CGCM. Further we study the climate change with the vertical temperature distribution of the ocean.

Key words: ENSO amplitude, CGCM, ocean vertical mode
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Eddy Heat Transport of the North Pacific Simulated by an Eddy-Resolving OGCM
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Abstract
The heat transport by mesoscale eddies, or the eddy heat transport (EHT), plays an important role in the meridional heat transport in the ocean. It has been mainly estimated so far based on the satellite data of SSH and SST. The information from satellite data is limited to the sea surface, however, and the effective depth of EHT must have been assumed. Recently, the information of mesoscale eddies and temperature over the whole depth becomes available by an eddy-resolving OGCM. In the present study, the results from RIAMOM (RIAM Ocean Model) of 1/12o were analyzed in order to estimate the EHT in the N. Pacific Ocean. The results were compared with that based on the satellite data (Qiu and Chen, 2005), and the effective depth of EHT was estimated. The global distribution of the effective depth of EHT and the vertical profiles of eddy kinetic energy (EKE) were obtained together with its seasonal variation, and the relation between the effective depth of EHT and the mixed layer depth was investigated. Besides, we also investigated the seasonal variations of EHT and EKE, and their relation to the surface forcing.

Key words: mesoscale eddies, meridional heat transport, mixed layer depth, EKE
Nonlinear ENSO Cycle
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Abstract

A nonlinear cyclic behavior of ENSO is examined using the observed data and ocean assimilation data. It is still debatable as to whether ENSO is linear or nonlinear. However, the consensus on that ENSO tends to show a nonlinear behavior such as El Nino-La Nina asymmetry by changing the climate state in the tropical Pacific recently, is gradually formed. In this study, a nonlinear cyclic behavior of ENSO is presented. In particular, it is demonstrated that the amplification of positive SST anomaly during the developing phase of El Nino is mainly due to the nonlinear dynamical heating.  
Key words: ENSO, Nonlinearity, El Nino-La Nina asymmetry, Nonlinear dynamical heating, Tropical instability waves 

Western North Pacific Subtropical High Development Due to Indian and Pacific Oceans in a Coupled GCM
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Abstract

The western North Pacific subtropical high (WNPSH) conveys impacts of El Nino to east Asian climate during the mature and decay of an El Nino (Wang et al., 2002). The development of the WNPSH is attributed to combined effects of the remote El Nino forcing, tropical-extratropical interaction, and monsoon-ocean interaction according to the their results. Besides, it was suggested that Indian Ocean could assist WNPSH development at most as well as ENSO forcing (Lee et al., 2006). An atmosphere-ocean coupled GCM known as the Scale Interaction Experiment Frontier version 1 (SINTEX-F1) model (Luo et al., 2003) is used to understand the development of WNPSH associated with Indian Ocean. The SINTEX-F1 consists of the atmospheric component ECHAM-4 and the ocean component OPA8.2 with a coupler OASIS2.4. The “decoupled Indian Ocean run (DIOR)” was used in this study in order to investigate impacts of the Indian Ocean. Air-sea coupled process is decoupled over the Indian Ocean in the DIOR. The atmosphere in the DIOR responds to the climatological SST in the Indian Ocean. The “decoupled Pacific Ocean run (DPOR)” was also used in order to investigate the development of the WNPSH without the coupled Pacific Ocean process. In the coupled GCM, both El Nino and Indian Ocean SST contribute to develop the WPSH, which has a strong impact on the East Asia climate during El Nino decaying period. In addition, the Impact of the Indian Ocean warming is likely to be relatively stronger during the boreal spring time. The decoupled Pacific Ocean experiment confirms that the Indian Ocean SST warming is responsible for the development and maintenance of the WPSH in the model. In particular, Indian Ocean decoupled run produces the WPSH which has a longer period rather than control run. Our model analyses are well consistent with the observational one in terms of interactions between Indian and Pacific Ocean, and WPSH development.
Key words: El Nino, monsoon, WNPSH (Western North Pacific Subtropical High), CGCM (Coupled General Circulation Model)
Moisture Structure of ISO in Western North Pacific Revealed by AIRS 
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Abstract

Using the humidity profiles from AIRS dataset, rainfall from TRMM GPI and surface winds from QSCAT as well as SST from Aqua/AMSR_E, We analyze the structure of summer intraseasonal oscillation (ISO) over western North Pacific region in 2003-2004. We find that the signal of 20-90d oscillation in western North Pacific originates from equatorial India ocean, which propagates eastward to Philippine sea and then moves northwestward to south of China. The AIRS humidity data reveals that the boundary-layer moisture leads the mid-troposphere moisture during the ISO propagation. The positive SST anomaly may play an important role to moistening the boundary-layer, which  preconditions the ISO propagation. Therefore, the intraseasonal SST anomaly could positively feed back to the atmosphere through moistening the boundary-layer, destabilizing the troposphere, and contributing to the northwestward propagation of the ISO in western North Pacific. On the other hand, the salient feature that the boundary-layer moisture anomaly leads mid-troposphere moisture does not exist in ECMWF reanalysis.

Key words：ISO，moisture, air-sea interaction

The Influence of Sea-Ice on the Determination of the Mixed Layer Depth from an OGCM
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Abstract
The influence of sea-ice on the determination of the mixed layer depth was investigated using an OGCM (MOM 4). Simulations of the OGCM under the surface forcing data during 1979-2006 with and without sea-ice were performed, and the results were compared with climatological data, while focusing on the distribution of temperature and salinity in the N. Pacific. The modification of the surface heat and salinity fluxes during the formation and melting of sea ice was found to influence the distribution of the winter mixed layer depth, its interannual variation and winter-to-winter aurocorrelation. Furthermore, the variability of the winter mixed layer depth was analyzed to investigate the relation to the surface forcing and ocean circulation.

Key words: mixed layer depth, sea-ice, OGCM, convection
Relationship between the North Pacific Summertime Subtropical Highs and Sea Surface Temperature
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Abstract

In this work, based on monthly mean atmospheric reanaysis data and SST data, the relationship between the North Pacific summertime subtropical highs in different levels and sea surface temperature(SST) were analyzed with the correlation analysis and composite analysis methods. The possible mechanisms were also investigated. Results show that on interannual timescale, surface subtropical high and 500hPa subtropical high not only have their own characters , but also present different correlations with SST: (1) Surface subtropical high area index has a close correlation with SST when it leads SST for 1~2 seasons. This is mainly ascribed to anomaly meridional stream advection term caused by anomalies in meridional wind. (2) Summertime surface subtropical high area index has good leading negative correlation with the following wintertime Nino3 index, which could be partly looked as a predictor for ENSO. (3) There is a high correlation coefficient between the 500hPa subtropical high area index and SST when the former lags 1 season of the latter. The possible mechanism is that the SST anomalies forced low-level winds in the low latitude which caused the anomalous monsoon circulation and diabatic heating. Under the thermodynamic effects, the anomalous 500hPa subtropical high rises. (4) Due to the great effect of the tropical East Pacific SST anomalies in spring on the following summertime 500hPa surbtropical high, the latter will strengthen after the El Nino event and weaken after the La Nina event.

Key words:  North Pacific, subtropical high, SST, interannual, ENSO.
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Abstract

A coupled air-sea regional model based on regional climate model RegCM3 and regional oceanic model POM is developed, and a series of experiments are performed to simulate the properties of the climate in the summer monsoon area. The simulation results are analyzed and the results show that the regional air-sea coupled model RegCM3-POM has good performance in simulating the mean summer precipitation, and the distribution of rainband in coupled model is more reasonable than that in the uncoupled model over East Asia. The improvement of the rainfall simulation is remarkable in the Yangtze River Valley and South China. RegCM3-POM model can simulate the seasonal evolution of the summer rainbelt and the interannual variation of rainfall well in eastern China. The simulated correlation coefficient between the summer rainfall in RegCM3-POM and observation is 0.48 over the Yangtze River Valley and 0.61 in South China, which are higher than that in the uncoupled model RegCM3. 

Study of the correlation between SSTA (sea surface temperature anomaly) and summer precipitation shows that the air-sea coupled model has good performance in simulating the relationship between rainfall in the Yangtze River Valley and SST of the Bay of Bengal, South China Sea and Kuroshio, and the uncoupled model fails in simulating the relationship between rainfall in land and SSTA in neighboring ocean. The mechanism analysis also shows that, accordant to NCEP/NCAR reanalysis data, the simulation of the low level general circulation and the moisture transfer path of RegCM3-POM is more reasonable than uncoupled model, which is the main reason for causing the improvement of the rainfall simulation.
Due to the lack of atmospheric feedback to ocean in control experiment, the uncoupled model cannot correctly reproduce the correlation coefficients between SSTA and water transport flux，while the coefficients between SSTA and water transport flux in RegCM3-POM is coincident with observation. Therefore, the coupled air-sea model RegCM3-POM is more available for East Asia.
Research on the Characteristics of Pacific SST intraseasonal oscillations
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Abstract
In order to research the characteristics of Pacific SST intraseasonal oscillation (SST ISO), the NOAA data was used. Through harmonic analysis and wavelet analysis, the spatial, temporal, spectrum and propagation characteristics of SST ISO were revealed. The Result showed that the active domains of Pacific SST ISO are Kuroshio domain, Kuroshio extension domain and east equatorial Pacific Ocean. In comparison with SST interannual variation, the SST ISO’s are much important in east and west equatorial Pacific. The spectrum characteristics of SST ISO in north Pacific domain are singlet while in east and west equatorial Pacific are double peak. The active period are summer and autumn in north pacific, spring to autumn in east pacific, end of summer to begining of winter in west equatorial Pacific. SST ISO mainly propagate eastward in north Pacific, mainly propagate westward in equatorial east Pacific, while in the domain of west equatorial Pacific, there is no obvious propagation.
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Abstract

Sea fog is one of the dangerous weather over seas and oceans. The mid-western Yellow Sea (MWYS) is a heavy foggy area during its foggy season that lasts about 4 months from April to July. The foggy season in the MWYS is characterized by its sudden onset and abrupt retreat, which are not so obvious in the other Chinese adjacent seas and over the Korean west coast. Previous studies primarily attribute the sea fog season to the sea surface conditions, like the sea surface temperature (Tw), the differences between Tw and Ta (air temperature), yet these factors vary quite smoothly and thus may not explain the sudden changes in the MWYS.

The goal of this study is to document the vertical and horizontal structures of the atmospheric boundary layer (ABL) and investigate the conditions for the MWYS sea fog season. The major results are as follows:

 In April, two major changes take place in atmospheric conditions: a) Temperature inversion is associated with westerly warm advection at 925 mb and the warm advection is from the heating continent to the cold sea surface. Upward motion is accompanied with the inversion formation. b) Warm/moist advection from the south in association with the development of a shallow cold high over the surface of the southern Yellow Sea. The advection by this shallow cold high is weak and northward, and as a result, the April sudden onset is not observed on the Korean coast. The April onset in associated with the rapid increase in relative humidity and change in the sea-atmospheric interface stability from unstable to stable, both conditions in favor of fog formation.

 August retreat is associated with abrupt changes in the prevailing winds from southerly to easterly, in the stability of the ABL from stable to conditional unstable and in relative humidity from high to low. All these are unfavorable for fog. The change in wind is likely due to the cooling over the surrounding continent and continued warming in the ocean including the Yellow Sea as there is an anomalous low pressure center over the Yellow and East China Seas and an anomalous high pressure center over the northeast Asia.
Neural Network Retrieval of Ocean Surface Parameters from SSM/I Data
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Abstract
A new algorithm based on multi-parameter neural networks (NN) is proposed to retrieve the geophysical parameters instantaneously over global oceans from the SSM/I observations. This new algorithm retrieves wind speed(WS), sea surface temperature(SST), sea surface air temperature(Ta) and relative humidity(RH) using a global dataset. These retrieved parameters are then applied to infer the instantaneous surface latent heat flux and sensible heat flux using a bulk method over global oceans. The neural network are trained and validated using the matchups of the SSM/I overpasses of buoys under both clear and cloudy weather conditions. The 85.5GHz channels are used as the inputs of the neural network to improve the retrieval precision and the effect of the wind direction is also considered to reduce the error of wind speed. The root mean square (rms) errors between the SSM/I and buoy measurement of the retrieves wind speed, sea surface temperature (SST), sea surface air temperature and relative humidity are 1.48m/s, 1.54°C, 1.47°C and 7.85. The rms error of the latent and sensible heat fluxes based on the SSM/I and the Xisha data are 3.21 Wm-2 and 30.54 Wm-2 while the rms errors of the between the SSM/I and the buoy data are 4.9 W m-2 and 37.85 W m-2.
Index Terms- microwave radiometry, neural network, sea wind speed, sea surface temperature, sea surface air temperature, relative humidity, sensible heat flux, latent heat flux, SSM/I.
The Feature and Three-dimensional Structure of Sea and Land Breeze in Qingdao During 2006 Olympic Sailing Test Event*
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Abstract
With the in situ data (automatic weather stations, buoys, lidar and Doppler radar) collected during Good luck Beijing - 2006 Qingdao International Regatta from 18 to 31 August 2006，the feature and three-dimensional structure of the sea and land breeze near the sailing spots have been analyzed, results show that, (1) excluding the rainy days and the days with typhoon, the sea and land breeze occurs in every wind day during this period. The land breeze usually occurs from 3 to 9 a.m. (LST). Under the control of the 500hPa subtropical high pressure system, the wind speed near the spots is very small and less than 2.5 m·s-1 in the whole day, and the wind direction is changeable. The direction of the land breeze tends to be NNE and the sea breeze E to SE. While for the weather at the edge of the 500hPa subtropical high, the sea and land breeze is stronger. The sea breeze usually begins earlier and the wind speed is larger at around 3～4 m·s-1, which is the strongest in the whole day. At the edge of the subtropical high, the direction of the land breeze is usually NNW and the sea breeze SE. (2) Wind speed usually decreases rapidly at the stage when the sea breeze is dying out. (3) In addition to the sea-land temperature difference, the large scale weather system can affect the strength of the sea breeze significantly. (4) The sea breeze is mostly very shallow in the vertical direction at no higher than 300 meters height. Strong sea breeze can develop to around 1.5 km height vertically and pushes in land for about 100 km away. If the Huanghai sea breeze moves inland and meets the sea breeze in the western part near the Jiaozhou Bay, the sea breeze will strengthen and have three boundaries due to the interaction of the two sea breezes.

Key words: Olympic sailing test event, sea-land breeze feature, three-dimensional structure
Inversion and Water Vapor Analysis During the Weather Process of Fog in Winter in Tianjin
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Abstract
Based on NCEP reanalyzed data, two fog weather processes have been analyzed. One occurred during from December 1st to 4th in 2002 and the other occurred during from February 12th to 14th in 2006 in winter over Tianjin and the North China. Upper and low altitude circulation situation and the water vapor origination and transportation mechanism are analysed, in which the method of mid-scale separation is adopted. The analysis shows: Before the fog, the Pacific Ocean vice-high is stronger than the usual winter, which is possibly strong so as to merges to the mainland high pressure. Under the control of the warm high pressure circulation, the lower layer atmosphere is extremely stable over Tianjin and the North China area. Lasting lower layer inversion has provided the advantage for the formation of the fogs over Tianjin and the North China area. When the Pacific Ocean vice-high weakens and separates with the mainland high pressure and removes to the east, the North China area is located to the west of the Pacific Ocean vice-high. The southwest flow in front of the westerlies trough of low latitude unites to the southerly air flow with the west of the Pacific Ocean vice-high, which transfers the tropics sea water-vapor to the North China, provides the water vapor origin and makes the fog thicken and maintains for long time over Tianjin and the North China. After the Pacific Ocean vice-high further removes easterly into the sea, the water vapor supply channel is shut off. The cold air and increasing surface temperature finally destruct the inversion and make the long lasted fog weather die away.

Key word: Fog; Vice-high; Vapor transportation; Inversion
Observational Analyses of the Atmospheric Response to Heat Forcing in the Midlatitude North Pacific
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Abstract

Using SODA6 global ocean data and NCEP atmospheric reanalysis data, we first investigate the distribution and configuration characteristics of Pacific Decadal Oscillation (PDO) in the ocean-atmosphere system. Then, with the daily data, we calculate the seasonal mean PV forcing terms of atmosphere and further analyze their spatial distribution structures as well as their relations with PDO. The main conclusions are as follows: 1) the interdecadal variability in the North Pacific air-sea system has a significant characteristic of co-varying change. The vertical structure of the atmospheric height anomalies corresponding to the SST anomalies is equivalent barotropic, and this structure is determined by the atmospheric heights response to the anomalous atmospheric forcing which is a total effect contributed by direct heating, transient heat transportation and transient vorticity transportation. The direct heating forcing dominates in the lower level while the transient vorticity flux forcing dominates in the upper level. 2) The positive feedback process involving the atmospheric anomalous forcing, the atmospheric heights response and the SST anomalies is the reason why the configuration of interdecadal climate variability maintains. As a result of atmospheric response to the anomalous forcing, the increased Aleutian low affects the SST anomalies in two ways. One is by intensifying the westerlies so as to increase the ocean surface evaporation, and the other is by the southwards Ekman cold flow induced by the vortex of wind stress. These two kinds of effects both decrease the SST, leading to a negative SST anomaly in the central North Pacific. This negative SST anomaly strengthens the baroclinicity of atmosphere by changing the SST gradient, and then stimulates the transient disturbance, which in turn intensify the atmospheric anomalous forcing and forming a positive feedback. Under the operation of this ocean-atmosphere interaction mechanism, the typical configuration of climate variability in air-sea system on interdecadal time scales can maintain.
Key words: PDO, equivalent barotropical structure, direct diabatic heating, transient eddy heating
The Feature Structure of Sea Breeze During Qingdao 2006 Olympic Sailing Test Event

Chunyan Sheng1 and Ming Xue 2，3
1Shandong Provincial Meteorological Observatory, Jinan, Shangdong, 250031;

 2School of Meteorology and 3Center for Analysis and Prediction of Storms

University of Oklahoma, Norman, Oklahoma 73072, USA
Abstract

Using data from automatic surface weather stations, buoys, lidar and Doppler, the three-dimensional structure and other characteristics of the sea and land breezes near the sailing site of the Good Luck Beijing - 2006 Qingdao International Regatta from 18 through 31 of August 2006 are analyzed. The sea breezes are categorized into two types as being under the control of or at the edge of the subtropical high, and influence of the large-scale subtropical high on the local sea breeze is investigated. Results show that excluding rainy days and days with typhoon, the sea and land breezes occured nearly everyday during this period. The land breeze usually occurs from 3 to 9 a.m. LST. Under the control of the 500 hPa subtropical high, the wind speed near the sailing site is very weak and is usually less than 2.5 m s-1 throughtout the day, and the wind direction is variable. The direction of the land breeze tends to be northnortheasterly and the sea breeze easterly to southeasterly. When Qingdao is at the edge of the 500 hPa subtropical high, the sea and land breezes are stronger. The sea breeze usually begins earlier and the wind speed is around 3 - 4 m s-1 when it forms, it is usually the strongest at this stage. In this case, the direction of the land breeze is usually northnorthwesterly and the sea breeze southeasterly. Wind speed usually decreases quickly at the decaying stage of sea breeze. In addition to the land-sea temperature contrast, the large-scale weather system can affect the strength of the sea breeze significantly. Most sea breezes in Qingdao are very shallow to be around 300 meters deep. Strong sea breeze can develop to be 1.5 km deep and push inland as far as 100 km. If the Huanghai sea breeze moves inland and meets the sea breeze of the Jiaozhou Bay in the western part of Qingdao, the sea breeze will strengthen and form three boundaries due to the interaction of the two sea breezes.

Key words: Olympic sailing test event, sea breeze feature, three-dimensional structure
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Cloud Water Path Over China: An Analysis Using ISCCP Data During 1984- 2004
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Abstract
Analysis of cloud water path (CWP) data over China available by the International Satellite Cloud Climatology Project (ISCCP) is performed for the period 1984-2004. The climatology, trends, and variability of CWP are examined. The climatological distribution and variation of CWP are dependent on the circulation, especially the monsoon circulation, topography and atmospheric moisture. Influenced by the Asia monsoon, China's CWP exhibits very large seasonal variations. All-China average shows the maximum CWP in June and the minimum CWP in October. Under the influences of the Tibetan Plateau and the westerly flow, the largest CWP is found in winter and early spring in the southeastern China. Linear regression analysis is used to characterize seasonal and annual trends in CWP. Increasing trends in CWP are observed over much of China. The northwestern China, especially over the Tibetan Plateau, and the Inner Mongolia show significant increases of CWP. The largest increase in CWP is in winter and the increasing trend is weakest in spring. These increases in CWP are primarily dependent on the enhanced updraft deduced by the variation of circulation, including the weakening of the summer monsoon system. According to the EOF analysis, step-like increase in CWP is also found (EOF1) during 1984-2004 and the variation of CWP is statistically significant correlated with the North Atlantic Oscillation (NAO) in EOF2. Interannual variation and trends in CWP and water vapor are closely correlated in China, confirming the enhanced hydrological cycle under the background of global warming. The correlations among CWP, water vapor and precipitation in the southeastern and the northwestern China are investigated. In summertime the higher correlation are found between CWP and precipitation than that between water vapor and precipitation in the both regions. 


Cloud Climatology Characteristics of China from ISCCP Data

Liu Ruixia

(National Satellite Meteorological Center)

Liu Yujie
(National Satellite Meteorological Center,Beijing,100081)

Du Bingyu

 (Nanjing Institute of Meteorology, Nanjing,210044)

Abstract

Based on the cloud amount of ISCCP D2, the spatial distribution characters and the temporal variation of cloud amount over 3 regions of China are analyzed using System cluster analysis method. And we analyzed the variation trend of cloud over china and concluded that in north east of China the cloud amount increased and decreased in the west of China and  in the north of China. The SVD modes based on two fields between winter total cloud amount over Tibetan Plateau and summer precipitation in China are computed and credibility of teleconnection analyzed by SVD.The result show that winter total cloud amount over Tibetan Plateau and the summer precipitation in part of north and north-east China.
Trends and Causes of Diurnal Temperature Range Changes over South Korea
Myoung-Seok Suh1, Sung-Geun Hong1, Chi-Oak Ahn1, Ki-Oak Hong1, Jeon-Ho Kang1, Chong-Heum Kwak1, Chan-Soo Kim2
1Dept. Atmospheric Science, Kongju National University, South Korea, 

2Dept. of Applied Mathematics, Kongju National University, South Korea
Abstract

Diurnal temperature range (DTR) is a valuable climatic-change variable and provides more information than the mean alone. It is well known that DTR has decreased since 1950s especially over the Northern Hemisphere land areas due to the anthropogenic climate change. However, trends of DTR are dependent on the geographic locations and seasons due to the various changes of local climate by the complicated interactions among the local climate factors and other anthropogenic forcing, such as the greenhouse gases, urban heat island, precipitations and aerosol. In this study, effects of climate elements(clouds, precipitations, wind speed, visibility) and factors(topography, normalized difference vegetation index(NDVI), distance from coastal line) on the spatial and seasonal variability of DTR over South Korea were examined using 30 years(1976-2005) hourly observation data and geographic data. It is found that DTR shows strong spatial and seasonal variations with maximum (> 13℃) at inland area during spring and with minimum (< 8℃) at coastal area during summer. The magnitude of DTR is generally affected by the distance from coastal line, topography, land cover, and NDVI. And the trend of DTR shows strong spatial and seasonal variations with a decreasing trend at northern area during summer, whereas increase trend at southern and western area during spring and winter. The decreasing of DTR is caused by two processes: 1) greater warming in minimum temperature than maximum temperature, and 2) decrease of maximum temperature and increase of minimum temperature. Whereas, increasing of DTR is caused by the greater increase of maximum temperature than minimum temperature. Clouds and precipitations are negatively correlated with the DTR without regard to the geographic locations and season but the magnitudes are clearly dependent on the season and geographic locations. The effect of precipitation on DTR is greater than that of clouds. And DTR is more affected by the day time precipitation than night time precipitation due to the combined effects of sunlight reflection and evaporative cooling. Visibility also affects the DTR but the magnitude is not strong and not consistent. 

Key words: DTR, cloud, precipitation, NDVI 
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Summer Urban Climate Trends and Environmental Effect in the Beijing Area
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Abstract
In this paper, the summer conventional meteorological data in Beijing over the past 10 years are analyzed. The results reveal that the impact of urbanization on the urban climate has become more and more apparent. (1) Over the past 10 years, the relative humidity decreases year by year and the average value in urban area is smaller than that in rural area. (2) The summer precipitation in Beijing decreases gradually over the past 10 years, especially after the year of 1998. (3) The average daily evaporation and the sunshine duration in urban area are more than those in rural area. (4) The visibility in urban area is smaller than that in rural area, but they all have been becoming more and more better after 1999. (5) The soil temperature also reveals the characteristics of UHI. (6) The number of days with the air temperature higher than 35℃ increases year by year. (7) Combined with the observational data from the 325m high tower in IAP, the results also show that the inversion in urban boundary layer is very favorable to the formation of the strong summer UHI.

Key words: Summer urban climate, Environmental effect, Urban Heat Island, Urban boundary layer
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Abstract
Using the JTWC and CMA tropical cyclone datasets, variations in frequency and intensity of ACTCs and tropical cyclone impacts on China are studied for the period of 1965-2004. First, the differences between the two track datasets are analyzed. The annual frequencies of tropical cyclones are reasonably consistent to each other. However, due to the different definition of the maximum sustained wind, the intensity records are significantly different. JTWC recorded more very strong tropical cyclones than CMA especially after 1987. 

The annual frequencies and intensities of ACTCs depend on datasets, but similar variations are observed. The annual numbers of ACTCs based on different dataset are close to each other and similar interdecadal and interannual variations are found. The activities of ACTCs were high from 1965 to mid 1970s and a rather inactive period was observed in recent 10 years. The mean intensity of ACTCs was close to each other and both datasets don’t show any long-term increasing or decreasing trends. Great dependences on datasets are shown in the maximum intensity and number of very strong ACTCs. Before 1987, the maximum intensities of ACTCs based on JTWC and CMA illustrated same decreasing trends and the values were close. Since then, the maximum intensity of CMA kept decreasing while that of JTWC increased slightly and there were large differences in the values. For the annual number of ACTCs for TY, the two time series based on different dataset showed similar interdedadal variations and were reasonably consistent to each other before 1995 while large differences were found since then. JTWC had more ACTCs for TY than CMA from 1995. The annual number of ACTCs for SuperTY shows great dependence on dataset. The total number of SuperTYs in JTWC dataset was much greater than that of CMA. The annual mean number and percentage of ACTCs for SuperTY of CMA always decreased during all the decades while those of JTWC increased in 1990s. The variations in ACTCs for strong category are closely related with datasets. 
Tropical cyclone impacts on China show the same variations as the annual number of ACTCs and also show dependence on datasets. Differences in tropical cyclone impacts on China are mainly caused by dataset used. Annual frequency of ACTCs, the liftetime especially for landfall ones and the intensity estimate all have effects on the value of impacts on China. As for tropical cyclone impacts on China, especially for landfall ones, CMA has longer records than JTWC after landing on China, CMA dataset is better to use.
The Climate Element Evolution of Jiangsu Province During Last 20 years as a Response to Global Change
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Abstract 
The global change or called the global climate change always happens on the rotation earth, but the change becomes stronger and more obvious in recent 20 years. During the years, people feel more clearly the power of climate feature evolution than any time before. More and more people concern the climate element evolution in near future. Jiangsu Province as a big economic province in China, its climate change and the relationship with the global climate change keep the hot points of discussion and research.  

Jiangsu Province is located at the eastern part of China, facing yellow sea and with a subtropical monsoon climate. Four seasons can be clearly felt and there is plenty of sun shine, warm and with a lot of rain especially during the Meiyu period. The mean temperature of years is near to 15 ℃.The wind energy and solar energy are important climate resources in Jiangsu province. The heat and rain are the harvest guarantee of crop, plants and sea fishery in Jiangsu. So we pay great attention on the response of the weather and climate of Jiangsu Province to the global climate change.

For the study of the evolution trend of Jiangsu climate during the global change activity, we have done an amount of relevant research. We investigated into the real data at special stations in Jiangsu Province and into NCEP/NCAR data at and around Jiangsu. Meantime we chose North Arctic area as a sign area of global change as many evidences have shown that the iceberg at Arctic is melting and is causing the abnormal air masses and abnormal sea flows invading into mid and low latitude zones more strongly. 

A comparison between last 20 years and latest 5 year climate elements of Jiangsu Province and the north arctic has been done. Some results showed that the climate element features in Jiangsu Province indeed response the climate change in arctic area. The air temperature, humidity, sunlight wind and SST, salinity all have some similar and related change trend. The influence of the global change on the climate and weather of Jiangsu Province could be through both air general circulation and sea flow currents.
A Statistical Analysis of Vegetation-Climate Feedbacks in the Tibetan Plateau∗
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Abstract

The Qinghai-Xizang or Tibetan Plateau is a sensitive region in climate change, where interaction between the ecosystem physiological processes and the climate change is right in the middle-level of the atmosphere. In this study, the interaction of vegetation and climate variability on interannual time scales are investigated using the 20-yr satellite-derived normalized difference vegetation index (NDVI) data and surface air temperature and precipitation during 1982-2000. Based on lead–lag correlations and feedback parameters analysis, our results show that vegetation variability is forced predominantly by temperature in autumn-early winter; in addition, vegetation variability also exerts a strong positive feedback on temperature in both spring and autumn, for which the feedback efficiency reaches 40.8oCmonth-1NDVI-1(ι=+1). This study suggests that the surface albedo feedback is stronger since increases in NDVI generally lead to higher temperatures. In contrast to the strong correlation with temperature, the seasonal cycles of vegetation and precipitation tend to be statistically insignificant. The instantaneous negative correlation between monthly NDVI and precipitation anomalies is notable, while positive correlations with either NDVI or precipitation leading by 1-2 months are also significant. The mean vegetation feedback parameter for precipitation is 225.3cm-1month-1NDVI-1(ι=+1). The important effect of increased vegetation on climate is a year-round warming in the Tibetan Plateau. 

∗ This research was supported by The National Natural Science Foundation of China (Grant No.40675037), and The Key Project Fund of SiChuan Province Youth Science and Technology (05ZQ026-023). 
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Climatic Change and its Possible Impact on Water Resources in Shanxi Province
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Abstract

Based on the data of monthly air temperature, precipitation and evaporation at 30 representative meteorological stations in Shanxi province during the period of 1957-2003, using the minimum two multiplications , thread trend was calculated. And calculating SPI and arid index, the facts and characteristics of climatic change in recent 47 years were revealed: (1) The precipitation in Shanxi province was generally in a decrease trend in recent 47 years, the air temperature , however, was in an continually in a increase trend. The precipitation decrease and the temperature increase were significantly higher than the averages in whole China. (2) The change of annual precipitation has stage characteristics and its decrease mainly caused by the decrease of summer precipitation; the air temperature , however, mainly increased in the winter and the spring, while air temperature in the summer was a decrease trend. In some extent, the decrease of the summer alleviated increase trend of annul mean temperature. (3) In recent 47 years, the number and the intensity of the storm rain were continually decreased. It was the mainly reason of decrease of annul rainfall. (4) Shanxi arid were continuously aggravating in recent 47 years, especially after the mid of the 1980s, and that got the most intensity by the mid and later of the 1990s. In addition, the distribution of evolving trend Shanxi water resources was analyzed, and the possible impact of climatic change on water resources was analyzed, the results are as follows: (a) There was an apparent difference of water resources between plentiful and dry annul and it has a continually arid characteristics. The plentiful and dry  water resources has the same frequency in space, while its distribution in a year was uneven. The ratio of plentiful and dry water resources has a continually increase trend. The distribution of water resources in the different area was different. Water resources in the east and south-east was plentiful, in the west and the north, however, was short. (b) The decrease of nature precipitation caused the decrease of water resources , while the increase of the air temperature caused the increase of evaporation, and it caused the increase of arid index. With intensity of arid, there has a reducing rate of 10 years of Shanxi water resources. The total of water resources reduced 18.97 million m3, the runoff of the river reduced 24 million m3 when the absolute value of SPI increased one thousandth of unit。Comparing to the 1950s and 1960s, SPI increased 3.836%, while the water resources reduced 37.11% in range by the 1990s.There was trend to reduce in the southern part, and the middle part and the northern area were intensity.

Key words: climatic change; water resources; impact.
Climate Forcing by Anthropogenic Greenhouse Gases and Aerosols
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Abstract

The climate forcing caused by anthropogenic greenhouse gases and aerosols is studied to understand the potential climate change in East Asia in the last 100 years. In this issue, aerosol effects are difficult to assess due to their various mechanisms: direct, 1st indirect, and 2nd indirect effects and so on. Furthermore we find these direct and indirect effects can cause the third forcing through changing sea surface temperature and atmospheric stability producing a secondary general circulation. In the paper, we like to discuss how anthropogenic gaseous and particulate matter have a potential to change earth's radiation budget, cloud field, and precipitation.

Key words: greenhouse gases, aerosol, climate forcing
The Role of Dynamic Feedbacks on Aerosol Induced Radiative Forcing of Major Aerosol Types
Woo-Seop Lee  Maeng-Ki Kim  Chong-Heum Kwak
(Kongju National University, Korea)

Abstract
The impacts of aerosol direct (AD) effect and dynamic feedback (DF) effect on aerosol induced radiative focrcing (AIRF) at the surface for major aerosol types, i.e., BC, dust, and sulfate are evaluated using the NASA finite-volume general circulation model (fvGCM), focusing on the role of dynamic feedback effect on the AIRF by major aerosol types. In this study, the AD and DF effects are estimated by the contribution of aerosol optical thickness (AOT) and low cloud amount anomaly on the AIRF using a simple linear regression analysis, respectively. Model results show that the AD effect for dust and all aerosols is larger than the DF effect while BC and sulfate aerosols have the opposite effect. In addition, the AD effect is stronger over land while the DF effect is larger over ocean regardless of aerosol types. The contributions of the DF effect on the AIRF for all, BC, dust, and sulfate aerosol are 18, 38, 26, and 55% over the globe, respectively.  These results suggest that the DF effect may significantly modulate the magnitude of AIRF according to types of aerosols and target regions. As a result, the dynamic feedback effect may be one of the important factors in understanding the radiative effect of aerosols in the real world and also in determining the magnitude of surface cooling by aerosols.
Key words: Dynamic feedback effect, Aerosol optical thickness effect, AOT
The Climate Response to the Change of Ozone 
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Abstract
While the impact of CO2 and other well known greenhouse gases (GHGs) on climate and ozone evolution has been studied extensively in the past, the response of the atmosphere to ozone changes is still a subject of much debate.

Observational studies have showed that the climate has warmed over much of the southern hemisphere in the past few decades, the role the ozone changes in both the troposphere and stratosphere plays in this warming trend is not well understood yet. Using a general circulation model (CAM3), a series of the time-slice climate runs have been performed to investigate potential responses of the climate to ozone changes. The runs have been done with different scenarios of ozone change and the stratosphere and troposphere interaction associated with subscribed ozone change in both the troposphere and the stratopshere is analysed.
AMIP II GCMs Simulations of East China Precipitation Seasonal and Interannual Variation
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Abstract

AMIPII model simulations of precipitation over the eastern China (20-45N, 110-120E) (EC hereafter) are performed to evaluate the different GCM responses to the west Pacific sea surface temperature (SST). A serial of comparisons between simulations and observed interannual variability pattern is carried out to identify the physical processes that may contribute to the biases. The results show that the concurrent opposite phases of SST between east and west of the north Pacific is critical to simulations of precipitation over the eastern China. Further analysis shows that accurate simulations of the east Asian jet (EAJ) exit region, Baikal lake high(BH), and subtropic high of west Pacific(WPSH) on the 500 hPa, are key to summer precipitation simulation over the eastern China. EAJ decides precipitation events in EC.  WPSH drives and dominates rainfall belt movement. And BH represents the cold stream from north to China, which is corresponding to Xinjiang ridge. Most models produce phase biases of monthly mean precipitation, and can’t reproduce the barocline in the north region to Tibetan plateau, northeast and southeast coast areas of China.
Detection and Attribution of Climate Change Signal in Seasonally Precipitation Data Over a Region of Northeast Asia
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Abstract

The aim of this study is to examine the detection and attribution of the climate change signal in the long-term seasonally precipitation data (DJF, MAM, JJA, SON) on a region of Northeast Asia (100-150°E, 20-60°N). The statistical test, called Bayesian fingerprint method, is applied to compare seasonal data from ERA40 reanalysis (1961 to 2000) and MRI coupled atmosphere-ocean general circulation model. It is exemplified with ERA40 reanalysis data as observations, 1% a year CO2 increase experiment to doubling with realizations. Bayesian fingerprint analysis of the evidence for anthropogenic climate change in the seasonally precipitation data over the northeast Asia is described with changes in a climate change scenarios.

Our findings are shown that there is a statistically significant anthropogenic climate change in the Northeast Asia over the past four decades (1961－1970, 1971－1980, 1981－1990, and 1991－2000). 
Acknowledgement: This research is supported by Ministry of Environment as “The Eco-technopia 21 Project”.
Implementation of Icosahedral-hexagonal Gridpoint Model GME for Seasonal Prediction
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Abstract

Predicting the seasonal change is so important to understand the future’s weather and climate condition. There are so many Atmospheric General Circulation Models to simulate the climate change. But, it has the so-called pole problem that exists in conventional latitude-longitude grids. And it is so difficult to simulate regional climate condition due to insufficient temporal/horizontal resolution. So In this study, we have adopted operational global numerical weather prediction model (GME) of German Weather Service (Deutscher Wetterdienst). It is based on uniform icosahedral-hexagonal grid (Majewski et al., 2002). The GME gridpoint approach avoids the so-called pole problem. This model can adjust the resolution, so it is possible to simulate weather and climate change of regional scale. In this study, attempt has been made to perform long-term simulations of GME with mass correction. Mass correction method guarantees the strict conservation of the global mean surface pressure for long-term simulations. So we have performed GME model simulation to predict seasonal change. We have used 40km/40layers of horizontal/vertical resolution of GME to predict seasonal simulation in East Asia included Korea. We have conducted 2 types of experiments. In one experiment which is considered as control run using SST data for 30 years period of ERA climatology with SST forcing and we have performed 5 members of ensemble simulation using different initial conditions to reduce the uncertainty of the climate model. Another experiment is prediction run using persistent SST anomaly and SST data for 30 years of ERA climatology from SST forcing. In this study, we have used KISTI Hamel cluster to simulate the climate change at high resolution and have predicted simulation of this summer season for SON 2007. 

Based on the model simulation, we have found that this autumn would be typical weather so it might be warm until middle of October compared to normal years. After middle of October, it may be cold by the influence of the Siberian High. According to the result of GME model, about 9 typhoon will be occurred at Western Pacific during this autumn and two among them move to Korea and Japan in September.
Key words: Icosahedral-hexagonal grid, GME, Ensemble method, Seasonal Prediction
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Asian Drought in a Future Climate: Results From 15 Global Climate Models Participating in the IPCC 4th Assessment
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Abstract

The impacts of global warming on the Asian drought are analyzed from the daily precipitation data of the fifteen coupled climate models performing coordinated experiments leading to the Intergovernmental Panel on Climate Change Fourth Assessment Report (IPCC AR4). Future projections under Special Report on Emissions Scenarios (SRES) A1B scenario at the end of the twenty-first century are examined for individual models and by the Multi-Model Ensemble (MME). The Effective Drought Index (EDI; Byun and Wilhite 1999) is applied to determine the frequency, severity, and duration of drought. 
 The models are consistent in predicting the decrease of precipitation over arid Asia (15~45°N, 30~70°E) and the increase over the rest of Asia. Multi-model ensemble analysis shows the 0~25% decrease of precipitation over arid Asia, the 5~15% increase over tropical (10~25°N, 70~120°E) and temperate (25~45°N, 110~145°E) Asia, and the 15~25% increase over boreal Asia (50~70°N, 40~130°E).

 The application of EDI reveals the more severe drought (more frequent, more intense, and more prolonged) over arid Asia and the opposite changes (less frequent, less intense, and shorter) over boreal Asia in phase with the changes in precipitation over these regions. Drought over tropical and temperate Asia (monsoon regions) also becomes less frequent with shorter duration, but its intensity in extreme cases becomes stronger.

Temporally, the strengthening (weakening) drought over arid Asia (boreal Asia) is remarkable during warm (cold) season. The tendency of the intensifying of extreme drought over tropical Asia and temperate Asia is strong during the second half of summer monsoon season (Jul – Oct) and the pre-monsoon season (Mar – May), respectively. 
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Projection of Extreme Climate Events in China in the 21st Century Based on AR4/IPCC Models
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Abstract

In the recent years, under the background of global warming changes in extreme weather and climate events have drawn people’s increasing attention. With persistent global warming, the extreme climate events associated with temperature have frequently occurred, and on the other hand, changes in water cycle due to the warming lead to increases in heavy rain and extreme precipitation events. A small change in mean climate might induce larger changes in the frequency and intensity of extreme events. Therefore, some studies in the recent have paid attention on how to extract the signals of extreme climate. 

In view of the small spatial/temporal scales and weaker stability of extreme and rare events, and the poor capability of global models in simulating extreme events, Frich (1999) and Frich et al., ( 2002) put forward 10 less extreme, less noisy, but hopefully more robust indicators, and furthermore AR4/IPCC models have projected changes of the 10 indicators. Based on multi-model projection results, we analyze changes in extreme climate events in China in the 21st century.  The results shown  under various scenarios, warm night index (Tn90), heat wave duration (HWDI), and growing season length (GSL) all increase remarkably, while frost days(Fd) and Intra-annual extreme temperature range (ETR) reduce obviously. For example, under the A2 scenario, the Tn90 will increases by 38% in the late 21st century (2071-2100) relative to 1961-1990, the HWDI by 73 d, the GSL by 36d in the region north of the Yangtze River（30oN）, the Fd will reduces by 40 d, and the ETR by 1.3℃. Except the maximum number of consecutive dry days (CDD) under the B1 Scenario, all indicators associated with precipitation under various emission scenarios have an increasing trend in China in the 21st century. For example, under the A2 scenario Maximum 5 d rainfall total of the year (R5d) will increases by 17 mm, heavy precipitation fraction (R95T) by 8%, number of days with precipitation ≥10 mm/ d (R10) by 2 days, daily precipitation intensity (SDII) by 0.6 mm/d, and CDD by 3 days in the late 21st century relative to 1961-1990, indicating that future precipitation events tend to extremes, and in the late 21st century, the extreme precipitation intensity in China may increases in comparison with 1961-1990, and the droughts will also exacerbate.

Next Generation Model Development at MRI
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Abstract

In this presentation, current climate model development activities at Meteorological Research Institute (MRI) are introduced.

The Earth System Model (MRI-ESM) has been developed by integrating the atmosphere-oceancoupled model (MRI-CGCM3), the Model of Aerosol Species IN the Global Atmosphere(MASINGAR), the Chemical Climate Model (MRI-CCM) and others. The atmospheric model employsa new quasi-conservative semi-Lagrangian scheme with its standard resolution TL95L46. The oceanmodel is the MRI.COM with 1 by 0.5 degree with 48 levels, and can be run either with Joukowskitransform grid or tri-polar grid. In MASINGAR, the amounts of five kinds of aerosols (SOx + DMS, black carbon, organic carbon, sea salt and mineral dust) are simulated through production, transportation and sedimentation processes interactively with atmosphere circulations. Sea salts and mineral dusts are divided to two and six bins respectively by particle sizes. MRI-CCM includes full stratospheric photochemistry for Ox-HOx-NOx-ClOx-BrOx species. These component models are interactively coupled through a newly developed coupler (SCUP). Preliminary results with the MRI-ESM are shown.

The MRI and JMA are developing the next generation JMA operational seasonal prediction model. The model shows an improved skill for Niño3.4 SST prediction compared with the current operational model. An atmosphere-ocean coupled model shows better seasonal prediction skill for summertime precipitation over the Indo-Western Pacific region.

Climate projections in the near future and at the end of the 21st century are performed with unprecedented very-high resolution atmospheric models, under the "Innovative Program of Climate Change Projection for the 21st century (KAKUSHIN Program)" using the Earth Simulator. The global 20-km mesh atmospheric general circulation model (TL959L60) is used with emphasis on various extreme events including heavy precipitation and tropical cyclones. Regional cloud-resolving non-hydrostatic models with 5-km and 1-km mesh resolution are used to assess future changes in disaster occurrence probability associated with floods, landslide, high waves and other hazards over Japan and the surroundings.

Key words: MRI-CGCM3, Earth System Model, very-high resolution models
Simulation of Abrupt Climate Events in Holocene with an Earth-system Model of Intermediate Complexity
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Abstract

Abrupt climate change events happened on the wet and warm climate background of Holocene, such as those happened at about 8.2kaB.P. and 4.2kaB.P., when the climate jumped into dry and cold states. Ocean circulation is considered as a key part in these events to amplify and transfer climate signals. Scientists used kinds of climate models to perform case simulation and mechanism experiment, but reasonable explanation about the mechanisms of abrupt climate change in Holocene is still lacking. 

Here we use an Earth-system Models of Intermediate Complexity (EMIC), MPM-2, to simulate the global climate response with the freshwater flux anomaly (FFA) on the climate background of Holocene. The MPM-2 model is composed of five sub-systems of the earth and their interactions, including ocean, atmosphere, sea-ice, land surface and ice sheet. This model is used to simulate the variation of thermohaline circulation (THC) after the FFA input, its possible effects on the global climate, the differences between two hemispheres, the timescale for climate system to respond and to recover, and the influence of the former abrupt events on the later ones. 

We designed two groups of experiments. The first one is to add FFA to the mid-high latitude of northern Atlantic Ocean with different strength, lasting time and total amount of freshwater. The results indicate that ocean circulation is sensitive to the strength of FFA, and the balance between the transportation ability of thermohaline circulation and the strength of FFA determines whether ocean circulation change non-reversely. When the speed of freshwater input is higher than the speed of freshwater output caused by the ocean circulation at mid-high latitude of northern Atlantic Ocean, freshwater would accumulate, shut off the ocean circulation and cause the climate changing to a new equilibrium state. Results also intimate that anomalies of North Atlantic Ocean will spread to all oceans through global ocean circulation and to other sub-systems of the earth through interaction between different parts of the earth system. As a result of these anomalies spreading, north and south hemispheres show seesaw phenomena. The second group of experiments is to add another FFA after the first one at the same location. The results show that the forcing roles of two FFAs to ocean and atmosphere system are different. The first FFA is more important to climate state than that of the second one. Our study is heuristic to explore the features of climate change, relations between different abrupt events in Holocene, and their potential effects on present climate.

Key words: Holocene, abrupt climate change, EMIC, THC, FFA, climate modeling
Increase in Precipitation During the Post-Rainy Season Caused by Unstabilization over Northeast Asia

Sung-Ho CHOO and Hi-Ryong BYUN

(Dept. of Environmental Atmospheric Sciences, Pukyong National Univ., Republic of Korea)
Abstract

By using the Available Water Resources Index (AWRI); that calculated from the 50 years (1957 to 2006) mean daily precipitation data from 13 stations of Korea; was used to define the period of Post-Rainy Season (PRS). As a result, it was known that the PRS normally starts at 41 pentad (20 July) and ends at 45 pentad (13 August).
Precipitation in PRS has been increased during recent 50 years. Air temperatures of low-level (from 1000 to 850hPa) have been increased and those of mid- and upper-level (from 700 to 300hPa) have been decreased during the period.
The result of correlation coefficient analysis shows that the precipitation in PRS of Korea is inversely related with the upper-level air temperature especially over Heilongjiang, China (r<-0.6 and significant at 99% confidence level). And the Showalter Stability Index (SSI) also shows that the air over Northeast Asia has been unstabilizing during recent decades.
Key words: Post-Rainy Season, Unstabilization, AWRI, SSI
The Effects of Natural Oscillations on Total Ozone Trend over East Asia

Yun Gon Lee, Jhoon Kim, Hi Ku Cho
(IEAA BK21 Program, Department of Atmospheric Science, Yonsei University, Seoul, Korea)

Seon-Kyun Baek

(Meteorological Research Institute, Korea Meteorological Administration, Seoul, Korea)

Abstract

The variability of total ozone, thus the long-term trend, is influenced by largely in two parts, anthropogenic and natural processes. Because of high natural variability in ozone levels, total ozone fluctuates over timescales of a few years. Therefore, it is important to separate long-term changes in total ozone from natural variability. Also, one important question is how the respective natural oscillation in the trend model influences the derived ozone trend.

In this study, the effects of natural oscillation as a function of season were evaluated by the multiple linear regression model on the long-term trend of the total ozone data measured by Dobson instruments at Yonsei University (WMO/GO3OS Station No. 252), Seoul, Korea. The effects have been calculated for three different periods of 1979-2006, 1979-1992 and 1993-2006, using the multiple linear regression models where the dependent variable is ozone time series and the independent variable with best time lag is the time series that represent the ten natural oscillations of ozone variability. These natural oscillations include Arctic Oscillation (AO), Southern Oscillation (SO), Northern Pacific Oscillation (NPO), Pacific Decadal Oscillation (PDO), tropopause pressure (TROP), and North Atlantic Oscillation (NAO), in addition to the seasonal, Quasi-Biennial Oscillation (QBO) and solar cycles. Moreover, the analyses are also performed with Dobson measurements at Sapporo (#12), Tateno (#14) and Naha (#190) in Japan together with Total Ozone Mapping Spectrometer (TOMS) and Ozone Monitoring Instrument (OMI) in order to show regional consistent characteristics in the effects of natural oscillations over East Asia.
Key words: Total ozone, Natural oscillations, Trend analysis
Effects of Aerosol Optical Depth on Diffuse UV Radiation

Yun Mi Kim1, Jhoon Kim1, Hi Ku Cho1

(IEAA BK21 Program, Department of Atmospheric Sciences, Yonsei University, Seoul, Korea)

Young Joon Kim2

(Advanced Environment Monitoring Center, GIST, Gwangju, Korea)

Astract
Ultraviolet radiation (UV, 300-367nm) was measured with a UV-multifilter rotating shadowband radiometer (UV-MFRSR) at Yonsei University, Seoul (37.57 o N, 126.97 oE) for 7months from January to July 2006. Spectral UV_AOD was retrieved using the Langley method and Beer-Bouguer-Lambert’s law, and was analyzed to investigate the dependence of the diffuse UV radiation on total optical depth (TOD) and aerosol optical depth (AOD). The direct solar irradiance decreases exponentially as the AOD increases according to the Beer-Bouguer-Lambert’s Law. As the TOD and AOD increase, the diffuse-horizontal UV radiation gradually increases and shows a maximum value at some critical optical depth for a given SZA. Similar analysis was performed on the relation between the diffuse irradiance and AOD. These results provide empirical equations for the amount of diffuse irradiance in UV wavelengths. 
Key words: radiation, aerosol optical depth, ultraviolet radiation, visible radiation
Diagnostic Comparison of the East Asian Subtropical Jet and Polar-front Jet: Large-scale Characteristics and Transient Eddy Activities*
Ren Xuejuan1   Yang Xiuqun1   Zhou Tianjun2  Fang Jiabei1
1 Institute of Severe Weather and Climate, Department of Atmospheric Sciences, Nanjing University, Nanjing, 210093 

2 National key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, China Academy of Sciences, Beijing, 100029

Abstract

Diagnostic comparison of the East Asian subtropical jet (EASJ) and polar-front jet (EAPJ) in winter season is carried out by using ERA 40 monthly mean and daily reanalysis data. The comparison is based on two aspects: the large-scale characteristics and the transient eddy activities. It is demonstrated that the EASJ and the EAPJ shown by the monthly mean data have no clear geographical boundary in the upper level. The distribution of the numbers of jet core extracted from the daily data exhibits distinct boundary mark at the latitude of the north part of the Tibetan Plateau. There exist south branch with maximum numbers of jet core on the south side of the boundary mark, and north branch with sub-maximum numbers, corresponding to the EASJ and EAPJ regions. The analysis of the synoptic-scale transient eddy activities (STE) over East Asian region shows the spatial match of STE with EASJ and EAPJ. It displays that the strong EASJ is accompanied by the weak south branch of the STE, while the weak EAPJ is accompanied by the north branch with more active STE, indicating that the EAPJ is the jet existing with the STE. Further analysis shows two major anomalous modes of the winter EAPJ. One is the anti-cyclonic/cyclonic anomalous circulation pattern. Another one is the weakened/ strengthened local westerly wind. The large-scale circulations related with the two major modes demonstrate local circulation pattern and EU pattern, respectively. When the local westerly wind over the EAPJ region is weakened/ strengthened, the westerly jet from the east part of the EASJ to western Pacific region shows opposite variation. The two major modes of the winter EAPJ are also closely linked with the STE anomaly over East Asia. The STE anomalies in the north branch of the STE region behave like the “anomalous seeds”. They propagate as wave train along the axis of the north branch of the STE and cross the East Asian coastal water regions to the oceanic region. However, the ones near the south branch of the STE region become trapped over the eastern part of East Asia and its coastal waters at 200 hPa.

Key words: East Asian subtropical jet,  East Asian polar-front jet, diagnostic comparison, synoptic-scale transient eddy activities
Flood and drought features of the First Rainy Season Precipitation in South China and its relationship with the northern hemisphere atmospheric circulations and sea surface temperature
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 Wang Changyu2
1 Department of Atmospheric Sciences, Nanjing University, Nanjing, 210093

2 Department of Military Atmospheric Sciences, Institute of Meteorology, PLA University of Science and Technology, Nanjing, 211101

Abatract
With the data of daily precipitation of 32 stations in South China and American NCAR/NCEP daily reanalysis atmosphere and sea surface temperature variables for the period 1957-2004, we have investigated the variation features of precipitation during the First Rainy Season (FRS) in South China at interannual and interdecadal time scales, and their relations with the atmospheric circulations and sea surface temperature(SST). The results show that there exits remarkable variability in both time scales in FRS rainfall. From 1959-1977 and 1990-2000 South China has much more precipitation than normal with a period of nearly 4a and less rainfall during 1978-1990. From the end of 1970’s, the decadal-to-interdecadal time scales (8 years and longer) might have its impacts. Characteristics of the simultaneous 500 hPa and 850 hPa geopotential height fields of the FRS also have been analysized. It can be found that the favorable circulations are that: the subtropical high is somewhat stronger and be excessively to the south, with more active cold air in North China and much water vapor transportation to South China. The correlation between SST and the FRS precipitation in South China suggests a ENSO-like anomaly in SST for the interannual time scale and a PDO-like anomaly in interdecadal time scale. Under this framework, the SST plays more important role in interdecadal than in interannual time scale in occurrence of the drought or flood in FRS in South China. During the flood period, the SST anomaly is positive in the tropical eastern Pacific but negative in the tropical western Pacific and the extra-tropical North Pacific, and vice verse.

Key words: the First Rainy (FRS) Season in South China, flood and drought, atmospheric circulation, sea surface temperature, interannual and interdecadal variability
Simulation of summer and winter season With GME GCM over the East Asia 
Kyoung-Min Lee, Jin-Young Kim, and Jai-Ho Oh
(Department of Environmental Atmospheric Sciences, Pukyong National University)

Abstract
Present study has evaluated the performance of GME (Global and Regional Model for Europe) to represent the weather forecast over the East Asia. The German Weather Service (Deutscher Wetterdienst -DWD) has developed an operational global weather prediction model that uses a grid point approach with an almost uniform Icosahedral-Hexagonal grid. In this study, GME has used the daily ECMWF data as initial and boundary conditions at 50km horizontal resolution and 40 layers of hybrid-coordinate (sigma-pressure) in vertical. Results show that the GME well captures the medium range forecast during warm and cold season. Model errors are also investigated in this study. GME well reproduced the 10 days forecast both during JUN.-AUG. 2006 (summer) and DEC. 2006-FEB 2007 (winter) season when forced by the operational ECMWF datasets. The GME simulation shows the RMS errors of 6.51, 6.71, 7.58, 5.13 and 6.37 in the area weighted mean field of geopotential height for 24 hour forecast over the Northern Hemisphere (0-3600 and 0 - 900N), the Europe (0-870 and 0-900N), the East Asia (900-1770 and 0-900N), the North America (1800-2670 and 0-900N), and Atlantic (2700-3570 and 0-900N) regions respectively. 

The statistical analysis shows that the RMS errors for 24, 72, and 120 hour forecasts are 7.58, 17.58 and 23.59 respectively. The GME results for other atmospheric fields such as temperature and wind also show the similar characteristics as found in Geopotential height field. More ever, GME shows remarkable improvement in the prediction of 500 hPa Geopotential height compared with other global model reported in World Meteorological Organization (WMO)/ Global Data Processing and Forecast System (GDPFS) 

Key words: Weather prediction, Geopotential Height, GME GCM, Icosahedral-Hexagonal grid
A Tropical Plume case over East Asia on 13~15 August 2007
LEE Sang-Min, Hi-Ryong BYUN and Jung-Eun LEE

(Dept. of Environmental Atmospheric Sciences, Pukyong National University, Ref. of Korea)

Abstract

This study is investigated the tropical-extratropical interactions (TEIs) and elongated cloud bands stretching from the tropics into subtropics from 12th to 15th August 2007 that were associated with a heavy rainfall and the continuous tropical nights over Korea.

Analysis of the upper-level flow shows a northeastward propagation and continuous acceleration of the subtropical jet over the East Asia, northward of a positive tilted upper-level trough.
In low-latitude, one tropical depression (the 6th PABUK ) built up deep convection near 16N. And the cross equatorial flow from southern hemisphere accelerated the northward flow from tropic into extratropical Asia. In mid latitude, another tropical depression (the 7th WUTIP) over Sanddung peninsula relayed the tropospheric cloud bands into the high latitude. 

Along Iskenderian (1995) and Knippertz (2006), it is defined as one of tropical plume that is rarely introduced in East Asia.

Key words: Tropical-extratropical interaction, Tropical plume, Subtropical jet, cloud band.
The characteristic periodicity of droughts in Korea

Sun-Ju Lee and Hi-Ryong Byun

(Dept. of Environmental Atmospheric Sciences, Pukyong national University, Rep. of Korea)

Abstract
The characteristic periodicities of droughts have been investigated in Korea. To use more data available, 3 durations were applied; 1 station with 228 years data (Y228, 1778~2005), 5 stations with 92 years (Y92, 1914~2005), and 57 stations with 32 years (Y32, 1974~2005). 

In Y228 two big droughts of EDI<-3.0 were detected with 122 years periodicity. The one occurred at 1778 and another at 1990~1902. After the big drought of 1990~1992, the frequencies and strengths of droughts have shown the trends to decrease slowly only with one small fluctuation.

In Y92, two periodicities of 3.5 years and 10 years were detected before 1950. After 1950, frequencies and strengths of droughts were decreased and the periodicity became unclear. Again after the late 1970's those were increased and 6 years periodicity becomes predominant.

Though it was different from each other, 6 years periodicity of drought along season was dominant. Before the 1950’s, it appeared in spring, autumn and winter. From 1950’s to middle 1970’s it did only at summer, but after 1970's in Y32, it was dominant in all seasons but in spring.
Key words: Drought, EDI, Periodicity, Wavelet and Spectrum analysis
Spatial/Temporal Variations of Winter Temperature In Jiangsu

Sun Yan1   Zhang Xiu-Li 2  Yin Dong-ping1  Zhang Jing1  Liu Mei1
(1 Meteorological Observatory of Jiangsu ,  Nanjing  210008;2 Air Force Meteorological Center， Beijing  100843)
Abstract
The monthly mean temperature data at 160 stations in China during 1951—2005 and  59 stations in Jiangsu during 1961—2004 are used. On the basis of the analysis of seasonal and inter-annual variations, the inter-annual and inter-decadalvariations of winter temperature in Jiangsu are emphatically studied in this paper. It is found that the winter temperature in Jiangsu was basically in a colder period from 1960s to metaphase of the 1980s, and in a partial warmer period after the middle and later periods of 1980s; the summer temperature anomaly shows the quasi-five year, quasi-eight year inter-annual periodic variations and 22-23 year,14-15 year inter-decadal periodic variations; the winter temperature trend in Jiangsu shows the consistent ascension .

Key words: Jiangsu; winter temperature; inter-annual; inter-decadal
The Year and Age Border Variety Characteristic of Vapor transportation in the East-Asia
ZHANG Xue-mei1,  JIANG Zhi-hong2,3,  LIU Xiao-dong 4,  LAN Bo-wen 1

1. Harbin Meteorlogical Bureau, Harbin 150080, China
2. Nanjing University of Information Science & Technology, Nanjing 210044, China
3. Jiangsu Weather Disaster Point Laboratory
4. Jiangxi Meteorlogical Bureau, Nanchang 330046, China

Abstract
By using of NCAR/NCEP reanalysis daily average data from 1950 to 2002, the global grid point layer vapor transportation fluxes are calculated, and the year and age border variety characteristic of East-Asia vapor transportation during advance in summer are analysed. The results reveal that,Ⅰ rain type of our country summer is mainly during vapor transportation strong years, secondly is Ⅲ rain type, Ⅱ rain type is regarded as principle during vapor transportation weak years, the rates of Ⅰ rain type is more than Ⅱ and Ⅲ vapor transportation during vapor transportation normal years, the vapor transportation changes on land is obviously to ocean, vapor transportation is gradually decreasing in the north and the northwest China, and that is increasing gradually in south Yangtze River and southeast coast and Yangtze River medium and downstream, the average pentad vapor transportation in 20 centuries presents the trend of gradual to build up from 50-60's, and appears an obvious mutation in 60's, and starts presenting to die down trend in 1968, is obvious quasi-10 years the period change, and vapor transportation has same characteristic and differentia between strong and weak year.

Key words：East-Asia；vapor transportation；pentad；characteristic line
The Variation Characteristics and Its Influences of Winter Temperature in Harbin
Zhang Xuemei1, Lou Dejun2, Wei  Songlin1, Lan Bowen1

（1 Harbin Meteorological Bureau, Harbin  150080.  2 Qiqihar Meteorological Bureau, Qiqihar 161006）
Abstract

Harbin City locates in mid-high latitude areas in the east of Asia-Europe continent, whose climate belongs to medium temperate zone continental monsoon climate. The winter in Harbin is longer and the summer is shorter, it is also called ‘the Ice City’. Under the background of the global warming, the occurrence frequency of the cold winter is reducing and that of the warm winter is increasing, which brings great changes of the structure and technology of industry and agriculture. The tourism related to ice and snow is the most important part of Harbin tourism. It is one of the two salable tour lines during the Spring Festival in China and one of the 35 top resorts that recommended by National Tourism Administration to the world. Therefore, the air temperature in winter is the inevitable climatic condition for the development of Harbin’s economy and culture, and its variation tendency and forecast is of great guiding significance for industry and agriculture, ice snow tourism and winter sports in Harbin. 
By analyzing Harbin winter temperature data from 1881 to 2006, the cold, warm winter and abnormal cold, abnormal warm winter are defined by using Standard Deviation (SD) method, and the annual, decades scale variation characteristics of winter temperatures in Harbin are also studied. Results indicate that ± 0.5*SD is used to  be  the standards of cold and warm winter and  ±1.5*SD to be that of abnormal cold and abnormal warm winter respectively. Warm winters occurred less while cold winters occurred more frequently before 1980's; on the contrary, during the latest 30 years, the situations were the opposite. The winter temperature increases by the tendency of 0.244℃ per decade in Harbin, and it increases dramatically after the sudden change in 1981.The winter temperature has quasi-4 years, 8 years, 16 years, 30 years and 45 years periodic variation. Warming in winter in Harbin has influences on the ecosystem, energy, transportation, water conservancy, ice snow tourism, winter sports...etc.
Key words：Harbin, winter temperature, variation characteristics, warm winter, cold winter, influences
The Jiaohe River City Autumn Frost and the Red leaves Meteorological Condition Analyzes

Zhang Chunhong 1             Mu Xiuxiang 2
 (1.132500 Jilin Province Jiaohe River city meteorological bureau 2.130062 Jilin Province meteorological observatory)

Abstract
In recent years, about the autumn frost and the red leaves meteorological condition research, more and more received related national the value.Is situated at meteorological departments in Northeast Asia's China, Japan, has obtained the red leaves best watching time forecast good result, the Chinese Jiaohe red leaves valley, the Japanese Sapporo respectively is country’s “the red leaves economy” development creation good economic efficiency at the same time, also for developing the Northeast Asia international red leaves best watching time’s forecast exchange to build the foundation.This article uses the meteorological observation material statistical analysis method, the relation meteorology related principle, gives 6 targets about the local frost and red leaves meteorological condition forecast, has carried on the essential target examination.

Key word: frost   red leaves   meteorological condition   Jiaohe  city
Analysis and Prediction of monthly scale climate change characteristics of midsummerTemperature inNortheast China in recent 44 years

Zhang Yun_fu1，Jin Wei2 , Qu Yan2 ,

1.ShenyangRegionalClimateCenter,Shenyang , 110001, China；

2.Yingkou Meteorological Bureau, Yingkou, 115001,China;

Abstract:

This paper uses Empirical Orthogonal Function (EOF) analysis method to study the temporal and spatialtemperature pattern over Northeast China for months of July and August in recent 44 years based on daily temperature record and sea surface temperature over Pacific, 500hPa geopotential height and 500hPa wind circulation data for July and August at 53 stations from year 1961 to 2004. The relationship between one space and others is analysed by the generalized correlative coefficients,and canonical correlation analysis (CCA)method forecasting the spaces of weather elements with a multitude of factor’s space.The results show that the communality of temperature is 65% and 72% for July and August respectively overNortheast China. The types oftemperature spatial patterns overNortheast China are mainly divided into: communality type for the whole region, north-south type, east-west type.After practice,The CCA method handles better the prediction of drought and flood for the month of July and August in Northeast China during year 2005 and 2006。

Key words: Northeast China, EOF, climate characteristics, canonical correlation analysis, forecast
Wind-to-cloud Data Using in Weather Process Analyse

He Ming-yuan  Shi Han-qing  Huang Si-xun   Sheng Zheng 
(1 P.O.Box 003, Nanjing, 211101, P.R.China.)
Abstract
In this paper, The process of coldairmass movement and southwest eddy east move at the same time is discussed, Using wind-to-cloud data and synoptic chart. The result can be show as:

Wind-to-cloud wind-field can good display the development of large weather system, it’s beneficial to analyse and predict the sea wind-field more objective.

The development and attenuation of middle-high atmosphere system can be analysed by the use of high atmosphere wind-to-cloud wind-field and 500hPa synoptic chart, and forecast the development of it in time.

Wind-to-cloud wind-field in low atmosphere is influenced by hilly country and channel. So when we estimate the movement of cloud, it’s not only based on weather system, but also relied on terrian.

Key words: Wind-to-cloud,  synoptic chart,  atmosphere
Numerical Simulation and Analysis of Radar Anomalous Performance in Ocean Duct
Sheng Zheng   Shi Han-qing   He Ming-yuan    Huang Si-xun
(1 P.O.Box 003, Nanjing, 211101, P.R.China.)
Abstract
Duct is a familiar abnormal structure of Ocean atmospheric refractivity, which has important influence on radar performance. To evaluate the capability of radar in evaporation duct environments, a model was proposed based on the parabolic equation numerical model of electromagnetic waves propagation and radar receiver theory. The proposed model was used to simulate the radar detection in different evaporation ducts conditions. And the anomalous characteristics of radar detection were analyzed according to the results of simulation.

Key words:  duct,  simulation,  radar
Analyzing and Predicting the Unusual high Temperature of February Using Indices for Tibet Plateau

Fenghuai Liu a, Hui Chen b
a. Huai An Academy of Agricultural Sciences
b. Huai An Meteorological Administration

Abstract
The mean temperature has been getting higher since 1990s around the world, and the average temperature of February in China is mainly above normal as well, however, such an anomalously high temperature as in February 2007 is rare. During February 2007, monthly mean surface air temperature was the highest over China for February in record. The temperatures were 2 ～ 6 ℃ above normal in most parts of China, and above 6℃ in some regions.[1] Therefore, the temperature of February is anomalously high in 2007, which also happened in most part of China in 1998, 1999, 2002, and 2004. 

By analyzing the data of 74 circulation parameters①, we discovered that the indices (30N-40N，75E-105E；denoted by 
[image: image8.wmf]B

) for Tibet Plateau were above normal early, which can be used to predict the unusual high temperature in February later. For example, from July 2006 to October 2006, B was observed above normal, and correspondingly the average temperature in February of 2007 was the highest for February in record. During July to October in 1997, B was above normal, and correspondingly the average temperature in February 1998 was 4℃ above normal in most regions, and 6 ～ 7℃ or 8 ～ 9℃ above normal in some regions. Therefore there is a good correlation between the indices for Tibet Plateau early and the average temperature of the following February.

By using the data of climate and indices for Tibet Plateau since 1990, based on the above analysis and from the perspective of short-range weather forecast, we develop the following criteria for predicting the unusual high temperature in February:
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In (1), 
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denotes the month being investigated. 
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 represents the index for Tibet Plateau in this specific month of this year and 
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B

 represents the average value.② 

When the condition in expression (1) is satisfied, the average temperature of the following February will be above normal value, with a fitting ratio 5/5; on the contrary, the average temperature of the following February will not exceed normal value, with a fitting ratio 13/13. This paper gives high fitting ratios, however they still need to be further investigated in the future.

NOTE: 

①. All of the 74 circulation parameters are treated by the Climate Diagnostics and Prediction Division of the National Climate Center.
②. The average value is the average of B in February from 1971 to 2000.
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Recent changes in solar irradiance and terrestrial irradiance at the King Sejong Station, Antarctica 

Yeon Jin Jung • Jhoon Kim • Yun Gon Lee • Hi-Ku Cho

(Global Environmental Lab./Dep. Of Atmos. Sci, Yonsei University, Korea)

Bang-Yong Lee
(Korea Polar Research Institute, KORDI, Korea)

Abstract

The polar regions play a critical role in the surface energy balance and the climate system of the Earth. Recently, one of the important questions regarding these regions concerns the role of the Antarctic atmospheric heat sink in global climate (Studinger, 2005). This study examines the long-term trends of global solar irradiance, terrestrial (downward longwave) irradiance, air temperature, specific humidity and cloudiness measured at the King Sejong Station, Antarctica, during the period of 1996-2006. A multiple linear regression model has been developed in order to evaluate the relative contribution of the variables to the variation of downward longwave irradiance (DLR). Therefore, seasonal cycles of Antarctic surface energy balance can be examined.

Annual mean global solar irradiance at the surface is 81.2 Wm-2 and shows a decrease of -0.24 Wm-2yr-1(-0.29 %yr-1). The trends of global solar irradiance are directly and inversely associated with the trends of cloudiness in annual and monthly means, whereas surface air temperature shows a slight warming trend, 0.03 ℃yr-1(1.71 %yr-1) on the annual average. 
Annual mean DLR shows 279.7 Wm-2 and annual mean trends in DLR shows a statistically significant decrease of -1.52 Wm-2yr-1(-0.54 %yr-1) in the time series of monthly mean values. Monthly mean DLR is positively correlated with the three variables of air temperature, specific humidity and cloudiness. A multiple linear regression model to estimate the DLR using the three variables has been developed. The effects of three variables on the DLR were 6%, 46 % and 23 %, respectively. The monthly average for DLR cloud forcing at the surface is 52 Wm-2 (23 %) and 65 Wm-2 (29 %) for cloudy conditions and overcast skies, respectively.
Annual mean net shortwave radiation and net longwave radiation show 51.7 Wm-2 30.0 Wm-2, respectively. The net radiation shows 21.7 Wm-2 on the annual average with 64.6 Wm-2 in summer (from October to March) and -20.1 Wm-2  in winter (from April to September). And annual mean sensible, latent and ground heat flux show 18.7 Wm-2, 3.1 Wm-2, -0.06 Wm-2, respectively. Accordingly, the annual average energy balance is dominated by radiative warming of a positive net radiation and cooling of a negative net radiation. The net radiation gain and loss at the surface is mostly balanced by turbulent flux of sensible and latent heat. 
Key words: radiation balance, solar irradiance, terrestrial irradiance
Characteristic Research on Mechanism of Atmosphere Temperature in China

Zhou Houfu  Feng Yan  Zhang Jianjun  Zhai Jing

(Anhui Institute of Meteorology, Hefei 230031)

(State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029)

(Laboratory for Climate Studies, China Meteorological Administration, Beijing 100081)

Abstract
The serial interpolation is done based on sounding data of sounding stations (Shenyang and Haikou) during 1961 and 2005. Annual total atmosphere energy is computed with total atmosphere energy and various atmosphere energy patterns. The result indicates total atmosphere energy of Haikou is higher, above 9.4%, than Shenyang. The relativity between Haikou and Shenyang is better. The most year total atmosphere energy just overtops 1.28~1.52% than the least. The total atmosphere energy varies about average. The phenomenon accords with conversation principle of energy. Various mechanism for atmosphere temperature is researched. The explanation is appropriate to variety trend.

Key words: temperature change, data interpolation, mechanism, conversation of energy
Numerical Model Development
20th Century Surface Air Temperature over China and the Globe Simulated by Coupled Climate Models

Tianjun ZHOU, Rucong YU
State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

E-mail: zhoutj@lasg.iap.ac.cn

Abstract
This paper examines variations of the surface air temperature (SAT) over China and the globe in the twentieth-century simulated by nineteen coupled climate models driven by historical natural and anthropogenic forcings. Most models perform well in simulating both the global and the Northern Hemispheric mean SAT evolutions of the twentieth-century. The inclusion of natural forcings improves the simulation, in particular for the first half of the century. The reproducibility of the SAT averaged over China is lower than that of the global and hemispheric averages, but it is still acceptable. The contribution of natural forcings to the SAT over China in the first half of the century is not as robust as that to the global and hemispheric averages. No model could successfully produce the reconstructed warming over China in the 1920s. The prescribed natural and anthropogenic forcings in the coupled climate models mainly produce the warming trends and the decadal to interdecadal scale SAT variations with poor performances at shorter timescales. The prominent warming trend in the last half of the century over China and its acceleration in recent decades are weakly simulated. There are discrepancies between the simulated and observed regional features of the SAT trend over China. Few models could produce the summertime cooling over the middle part of eastern China (27º-36ºN), while two models acceptably produce the meridional gradients of the wintertime warming trends, with North China experiencing larger warming. Limitations of the current state-of-the-art coupled climate models in simulating spatial patterns of the twentieth-century SAT over China cast a shadow upon their capability toward projecting credible geographical distributions of future climate change through IPCC scenario simulations.
Key Words:  20th century climate, Ocean-atmosphere coupled models, IPCC AR4
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Modeling Warm Season Precipitation Diurnal Cycle – A Great Challenge to Climate Models
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Abstract
The diurnal cycle of clouds and precipitation is a basic, forced mode of the atmosphere, and it affects both the weather and global climate. However, its realistic representation in atmospheric models is a great challenge due to the involved complex feedbacks among boundary layer process, shallow convection, deep convection, and radiation. Any deficiencies in the representation of these processes may result in failure in modeling the correct amplitude and phase of diurnal variation of clouds and precipitation. 

The performance of current general circulation models (GCMs) and most of other atmospheric models is very poor in simulating the diurnal development of deep convection, especially over land areas during warm season. Convection occurs in GCMs generally too early and the convective versus non-convective precipitation is too high, while the diurnal cycle of precipitation is too large over land but too weak over the oceans, especially for convective precipitation. It is suggested that improvements in atmospheric boundary layer processes and convective parameterization and their interaction are critical and may help reduce the bias in the simulated diurnal cycle of clouds and precipitation by atmospheric models. The areas that may lead to improved understanding and realistic simulation of the diurnal cycle of warm season precipitation will be discussed together with some simulation results from a regional climate model.

Online Tuning of Background and Observation Error in Operational Variational Assimilation
Wei Han*, Jishan Xue
Chinese Academy of Meteorological Sciences, Beijing, China  100081

Abstract
Variational data assimilation systems aim at providing an accurate estimate of the current state of the atmosphere by minimizing a cost function that measures the distance to the background state and a set of observations. Therefore, accurate estimation of the observation and background error statistics is of vital importance in data assimilation as they determine, at analysis time, the weight and spatial influence function of observations and possibly the impact on other variables. The background error and observation error which is useful for data assimilation is best estimated within an assimilation cycle. In most of today’s 3D-var or 4D-var operational assimilation systems, however, the observation error and background error are prescribed. An improper characterization of the observation and background error statistics will lead to a suboptimal assimilation scheme. Desrosies et al(2005) developed a method to tune observation and background error using the diagnosis computed from analysis residuals. 
In this work we proposed a new implementation of the tuning algorithm based on the posterior diagnosis of variational assimilation system by applying a iterative fixed-point procedure. The results are illustrated by utilizing the Chinese Meteorological Administration (CMA) new generation of NWP system GRAPES (Global/Regional Assimilation PrEdiction System) regional-meso version over the East Asia domain. The method is shown to be feasible in a practical tuning of background and observation error for operational variational assimilation. As will be shown, improvements in Quantitative Precipitation Forecast (QPF) skill scores in the forecasts are significant with the tuned background and observation errors. The impacts of the tuning of background and observation error on analyses and forecasts are shown and discussed. 

Key words: Online tuning, operational, variational assimilation, QPF, satellite radiances
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AMIP Models Performances on Cloud cover and Cloud Radiative Forcing over East Asia
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Abstract

East Asia exhibits distinctive climate characters no matter in cold or warm seasons, which is intimately related to its special clouds and radiative forcing. Compared to the ISCCP observations, the distributions and seasonal variations of the total cloud amount (TCA) and long wave and short wave cloud radiative forcing (CRF) over East Asia derived from the new AMIP models for IPCC AR4 are examined. The five models are CAM3, HadGAM1, MIROC3.2 (hires), INM-CM3.0, and MRI_CGCM2.3.2a. The results show that most models cannot simulate the basic spatial distribution of TCA and CRF, as well as their seasonal variation over East Asia except UKMO model. Although the main CRF errors come from the cloud cover biases, many models try to compensate their weakness on cloud cover by cloud properties and radiation schemes, and then lead to the relatively better distributions and seasonal cycles of CRF than those of TCA. The results also show it may be the large scale circulation rather than cloud and radiation parameterizations that affect the TCA and CRF.
The Formation of Nocturnal Rainfall Offshore From Convection Over Western Kalimantan (Borneo) Island

Peiming Wu, Manabu D. Yamanaka and Jun Matsumoto

(Institute of Observational Research for Global Change, JAMSTEC,
Yokosuka, Japan)

Abstract

This study investigates the formation of convection over the western coast of Kalimantan (Borneo) Island and its adjacent seas through analysis of results from surface meteorological observation, satellite observation of convection and precipitation and numerical experiment with a mesoscale model. The Tropical Rainfall Measuring Mission (TRMM) satellite measurements from the precipitation radar indicated that rainfall occurs mostly over the coast of the island in the afternoon, and over the sea adjacent to the island in the night and early morning. Intense shortwave radiation is observed at Siantan on the western coast of the island on most days even on days with heavy rain. Sea breeze (westerly) is evident during 1100-1800 LT, while seaward surface wind is prevail in the morning (0700-0900 LT). Meanwhile, strong offshore sea surface winds are observed west of the island by the QuikSCAT satellite measurements from the NASA's Quick Scatterometer in the early morning. 

Climatological model studies for a 1-month period during an annual rainy season of the region successfully replicated the TRMM observed aspects of the diurnal variation and its regional distribution of the precipitation over the western coast of the island and its adjacent seas. The results showed that numerous convections develop with the penetration of sea breeze over the western coast at a similar time in the late afternoon and evening. These convections over the island cause a strong offshore wind over the sea west of the island during the nighttime, which creates an intensive low-level wind convergence, initiates convection off the western coast in the late night and early morning. The results of this study suggest that the strong offshore sea surface winds derived from afternoon and evening convections over the island play a key role in the formation of the nocturnal convection over the sea in the vicinity of western Kalimantan Island.
Key words: Diurnal variations of rainfall, Kalimantan (Borneo) Island, Numerical experiment
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Abstract

The effect of aliased meridional truncation for the double Fourier series (DFS) expansion was investigated in this study. The number of spectral expansion coefficients in the longitudinal direction is the same as that in the dealiased model. For the aliased truncation, the additional wave components on meridian are added to the wave space of the dealiased model. As the zonal wavenumber increases, the number of additional wave components decreases linearly, from zero to one third of the total grid points between north and south poles. Test case suggested by Galewsky (Tellus 2004), the life cycle of shear instability of the midlatitude jet, is used to test the aliased model, and the results are compared to the reference solution obtained by a high-resolution spherical harmonics method. It was shown that the aliased model does not cause the aliasing instability, but provided the test results with slightly improved accuracy over the dealiased model. The aliased model was found to reduce the Gibbs to a large extent by retaining the higher wavenumber components for the low zonal wavenumber. The total energy spectra associated with the shear instability for both the aliased and dealiased model were found almost the same.

 * This work was funded by the Korea Meteorological Administration (KMA) Research and Development Program under Grant CATER 2007-2206.
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Seasonal Prediction Experiments Using a Coupled GCM

Li Yan (yanli@mail.iap.ac.cn),  Yongqiang Yu (yyq@lasg.iap.ac.cn), Bin Wang (wab@lasg.iap.ac.cn)
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Abstract
This study describes seasonal prediction experiments with the latest version of the Flexible Global Ocean-Atmosphere-Land System Model (FGOALS) developed at LASG. Firstly, we integrated the coupled GCM with a nudging SST to the observed one in order to get initial value for the seasonal prediction experiments. Secondly, we carry out one year prediction experiments with the coupled GCM starting on January 1st, April 1st, July 1st and October 1st from 1982 to 2005. Our results show that : 1)Regardless of starting month, the forecast skill scores of ENSO are high (exceed 0.6) in the prior three month.2)The model shows spring prediction barrier, e.g. when start in January, the skill is the worst, while in Jul., it is the best (useful skill period extending to 9 months). 3) The correlation of key index (nino3-index, nino3.4-index) between “true” value and forecast value dose not decrease along with lead month linearly that may due to phase locking of ENSO. A small increase could be found in winter time regardless of starting month. 4) IOD signal is also predicted well by the coupled model, especially for strong IOD events. Further research will include initial perturbation to see how the data assimilation improves our forecast. 

Sensitivity of the Mixed Layer Seasonality in the Indo-Pacific Warm Pool to Heat Flux and Wind Stress in an OGCM
Chao Li 1,2, Yongqiang Yu 2, Dongxiao Wang 1
 (1 South China Sea Institute of Oceanography, Chinese Academy of Sciences, Guangzhou, China 510301)
 (2 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029）
Abstract
A series of sensitivity experiments are carried out using a state-of-the-art, eddy-permitting ocean general ocean circulation mode, LICOM (LASG/IAP Climate system Ocean Model), to assess the sensitivity of Indian Ocean warm pool and West Pacific warm pool to heat flux and wind stress, in which surface heat flux and wind stress data sets form various sources are used to drive LICOM. The results suggest that Indian Ocean warm pool is sensitive to both surface thermal forcing and wind stress, but West Pacific warm pool is only sensitivity to surface thermal forcing. So it identifies that surface thermal forcing and wind stress have different impacts on the two warm pools. On the seasonal variation time scale, the surface heat flux forcing is the most import process to West Pacific warm pool, but the monsoon forcing has the dominant effect on the Indian Ocean warm pool.
LICOM reproduces reasonably seasonal cycle of area and intensity of the two warm pools. Especially, the simulated SST in Indian Ocean warm pool region is the closest to the observations when the vertical resolution of LICOM is adjusted by increasing the levels within the upper 150m, because it improves the simulation of mixed layer depth. But there are higher simulated SST and shallower mixed layer depth than observation in Western Pacific warm pool region in all experiments. It is probably due to the week mixing and unrealistic entrainment process of mixed layer in the OGCM. Beside that, the temporal resolution of climatology monthly mean forcing fields used to drive the model is too low to include the effects of some important high frequency atmospheric forcing and mixed layer dynamic processes. This may be one reason of the model’s bias.
Keywords: Indian Ocean, Western Pacific, warm pool, seasonal cycle, mixed layer heat budget.
Development of GRAPES Regional 4DVAR System

Zhang Lin
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Abstract

GRAPES regional 4DVAR system is the temporal extension of GRAPES regional 3DVAR system. They use the same incremental method, pre-conditioning scheme, control variables, observation operators and minimization algorithm. In 2005, the first adiabatic version of GRAPES regional 4DVAR system was developed in cooperation with Chinese Academy of Meteorological Sciences and National University of Defense Technology. A lot of tests were performed to check the correctness of GRAPES tangent-linear and adjoint models. The single-observation assimilation experiments show that 4DVAR results are reasonable. Recently, much effort has been spent in the development of the linearized physical parameterization schemes, including large-scale condensation, vertical diffusion, PBL process, cumulus convective parameterization. The mean absolute errors between tangent-linear model and non-linear model are obviously reduced with the linearized physical schemes included. Now, a regional 4DVAR analysis-forecast system is also being developed for the future operational application. 

Global Cloud-Resolving Model Development and its seemless Applications to Weather & Climate Researches
Masaki Satoh 
Center for Climate System Research, Univ. of

Tokyo/FRCGC, JAMSTEC

Abstract
After several years engagement in development of a newly innovative global cloud-resolving model, called NICAM (Nonhydrostatic Icosahedral Atmospheric Model), we have succeeded in simulations of multiscale disturbances in the tropics from cloud- to planetary-scale circulations. Simulations show that realistic diurnal cycles of convection particularly over lands, and tropical cyclogenesis, as well as a realistic propagation of an MJO. Since global cloud-resolving simulations require enormous computer resources, we need well-considered strategies for its applications to weather & climate researches. Fortunately, it was found that behaviours of cloud systems have many similarities between the cases with the mesh size of 3.5, 7, and 14km. So we can learn from the 14km-mesh model, which requires relatively low computer resources, through many kinds of parameter sensitivities. NICAM also has a family: it can be used as a course resolution GCM with using cloud parameterization, and a regional model with concentrating grid meshes in a localized region. Combining these hierarchical models, we use NICAM both for short-term simulations for weather forecast mode and for long-term climate simulations to obtain statistical fields. Some relevant issues on numerics such as advection schemes and numerical stability will be also mensioned.

The Global GRAPES- 3DVar Data Assimilation Cycle Experiments 

Zhuang Zhaorong, Xue Jishan, Zhuang Shiyu, Li Xingliang
（Chinese Academy of Meteorological Sciences, Beijing, China）
Abstract
The global latitudinal-longitudinal 3D-Var system with flexible horizontal Arakawa A grid and vertical pressure levels has been developed in 2004, which is based on an unified framework for GRAPES model developed in the Center for Numerical Prediction and Research (CNPR), Chinese Meteorological Administration (CMA).
We performed data assimilation cycle for a few months with the global GRAPES 3DVar and GRAPES model system. At the same time, a set of 10-day integrations has been started from the cycle initial conditions provided by the global GRAPES 3DVar system. Through comparing the analysis and the prediction in the cycle with the observation, it is proved that the 3DVar analysis has a positive effect. In terms of the anomaly correlation skill and RMSE, we evaluate the effect of the global GRAPES 3DVar and its forecasting. 
A Brief Introduction of the New Generation Meso-Scale NWP System in CMA -- GRAPES_Meso
SUN Jian, HUANG Liping, CHEN Dehui, SHEN Xueshun and XUE Jishan
Center for Numerical Prediction Research

Chinese Academy of Meteorological Science

Abstract
GRAPES_Meso is the meso-scale version of GRAPES. GRAPES is a short form of Global /Regional Assimilation and PrEdiction System. 
In 2001, a state-key Research&Development project was launched to develop a unified numerical weather prediction (NWP) system, and this project was co-sponsored by MOST and CMA. The major objectives of the project were (1) to develop new NWP systems for both operational and research uses; (2) to set up a base for further development toward the new climate system model for the studies on climate change and operation of short term climate prediction; (3) to enhance the link between academic research agencies and operational centers, and to accelerate the transfer of research results to operational applications. GRAPES is a totally self-developed with the efforts of Chinese scientists.
GRAPES is designed as a multi-scale unified model. The main features of GRAPES_Meso includes: (1) full compressible dynamical core with hydrostatic or non-hydrostatic approximation in options ; (2) a semi-implicit and semi-Lagrangian scheme; (3) height terrain following vertical coordinate; (4) full physical package; (5) 3DVAR/4DVAR for data assimilation; (6) modularized and parallelized code architecture; (7) latitude-longitude grid
In July 2006, GRAPES_Meso run as the operational NWP systems twice a day at National Meteorological Center (NMC/CMA) with a horizontal resolution of 30km and 33 vertical levels. And in 2007, an updated version, with 15km horizontal resolution, will replace the current version.
GRAPES_Meso is also promoted to be used in the universities, research institutes, national/regional hydro-meteorological agencies and meteorological bureaus of the aviation airports. GRAPES_Meso has been extended to the multi-applications, such as ensemble forecast, now-casting forecast, sand-storm forecast, lightning modeling etc.
A Numerical Simulation Study of Fog and Visibility in Local Airports Over the Korean Peninsula Using the WRF Model
Cheol-Han Bang, Jiwoo Lee and Song-You Hong

Department of Atmospheric Sciences, Yonsei University,
Seoul 120-749, Korea, chbang@atmos.yonsei.ac.kr, +82-2-362-9060

 The objective of this study is to evaluate the capability of the Weather Research and Forecasting (WRF) model in simulating fog and visibility in local airports over the Korean Peninsula. A series of sensitivity experiments of the simulated fog to the horizontal resolution, surface layer, microphysics, and planetary boundary layer (PBL) processes in the WRF model is performed for a severe visibility event over the western part of the Korean Peninsula near Incheon on 9 February 2003. Also, the WRF model system is statistically evaluated for the 48-fog cases over Korea from 2003 to 2006. Based on the 4-yr evaluations, attempts are made to improve the simulation skill of fog and visibility over Korea by revising the statistical coefficients in the fog algorithm of the WRF model.

 The results from the sensitivity experiments for a severe fog case indicate that an optimized physics setup in the WRM model including the WRF single-moment 6-class (WSM6) for microphysics and the YonSei University (YSU) PBL for vertical diffusion generally reproduces the occurrence and duration of the observed fog; however, it is also found that the simulated fog is highly sensitive to the design of model system such as the horizontal resolution and the height of surface layer, as well as the treatment of physical processes including the PBL and microphysics. A comparison of two existing visibility algorithms in the WRF model shows that uncertainties in the visibility algorithms add additional degree of freedom in accuracy of numerical fog forecasts over Korea. A revised statistical algorithm using a linear-regression between the observed visibility and simulated hydrometeors and humidity near the surface for 48-fog cases exhibits an overall, but not significant, improvement in the visibility forecasts at the airports in Korea. 

A Numerical Study of Topographically Induced Mesoscale Snowbands in Association with a Coastal Front Along the Astern Coast of the Korean Peninsula
Jae-Gyoo Lee1 (E-mail: ljgyoo@kangnung.ac.kr) and Ming Xue2,3

1Department of Atmospheric Environmental Sciences, Kangnung National University,
 Kangnung, Korea

2School of Meteorology and 3Center for Analysis and Prediction of Storms, 
University of Oklahoma, Norman OK 72072 

Abstract
A 24-h numerical simulation with the Advanced Regional Prediction system (ARPS)     was performed and the results are used to explain the precipitation maxima at the Yeongdong coastal region (rather than over the mountain slope and ridge) that were observed during the heavy snowfall event of 3-4 February 1998 along the eastern coast of Korean peninsula. The ARPS model,  utilizing a 4-km horizontal grid spacing and 43 vertically stretched levels, was able to simulate properly the meso-
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 scale characteristics of the cold-air damming against the coastal mountain range and the associated coastal front, which is found to control the location of the precipitation maxima in the region.
The simulated cold-air damming exhibits the following features. A very narrow wedge of cold air is located along the eastern slope of the mountains in the coastal region, and there exists a distinct cold dome spanning from the coast to the upper part of the eastern slope of the mountain barrier, centered nearly at the foot of the mountains. Across the frontal zone of the cold dome, there is a strong temperature gradient of 2-3 K/10 km and directional wind shear of about 
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 km. The coastal front behaves like a density current, trying to propagate down the eastern slope of the mountain range, against the onshore winds just off the coast. The simulated cold down-slope flow is relatively shallow, with the front sloping vertically with height then horizontally southwestward and becomes weak at a height of about 400 m. The vertical circulation between the downslope cold flow and the onshore warm air is simulated very well. 

Due to the favorable atmosphere condition for a low-level upright convection off the coast where the air would be forced upward at coastal front, the heaviest snowfall occurs along the cold side of the coastal front boundary near the coast, leading to consumption of most moisture there. As a result, the precipitation directly over the mountain slope is weaker. Due to the shallowness of the coastal front, high vertical resolutions in the boundary layer are found to be necessary. 
Key words: numerical simulation, ARPS, heavy snowfall, cold-air damming, coastal front 

A Simple Method on the Flow Dependent Background Errors in Hybrid WRF-Var

Kwan-Young Chung1) , S.R.H. Rizvi2) and Dale M. Barker2)
1) National Institute of Meteorological Research/KMA,

 2) NCAR/MMM, Boulder, Colorado, U.S.A.

Abstract
In this paper, we have investigated the impact of flow dependent background errors in WRF-Var using hybrid method. At first, this technique was tried using simple model (Lorenz-96). The results were compared between pure 3dvar, hybrid 3dvar with forecast difference (HYB(FD)), hybrid 3dvar with EnKF (HYB(ENS)) and the Ensemble Kalman Filter (EnKF). Next, the study was extended using WRF model and WRF-Var. In WRF-Var, the hybrid system has been implemented by augmenting analysis control variables with additional 2-D alpha control variable (ACV). Thus it introduces ensemble information to the assimilation via a series of additional simple operations by removing the correlations between variables (Up transform). In practice, the ACV is included in the control vector supplied to the minimization and constrained via an additional term Je in the cost function. For this study, results were compared between HYB(FD) and the pure 3dvar run.

From the simple Lorenz-96 model study using small number of ensemble members (N=10), HYB(ENS) and HYB(FD) have the best performance with 0.3 and with 0.6-0.7 weighting factor (α) between the flow-dependent error covariance and the static error covariance, respectively. However, as the number of ensemble members increases, HYB(ENS) shows the best results with α=0.1. Also, EnKF and HYB(ENS) have almost the same performance with larger ensemble members (N=20). Consequently, HYB(FD) shows that the errors of about 20 % are decreased compared to pure 3dvar on the simple model test. Using WRF/WRF-Var, one month cycling (12 hourly) run was made. It is found that the results are similar to the experiments done with simple Lorenz-96 model. With increase in the weighting factor (α) value, the RMSEs are slightly decreased. The results of HYB(FD) with α > 0.6 shows that the analysis and forecast RMSEs for u and v are slightly less than as compared to pure 3dvar. From these initial results together with tests of the adjoint code developed for alpha control variable, indicates that the hybrid method is working well in WRF-Var. However, it appears that the alpha control variable should be extended to 3-D instead of 2-D structure. It also needs localization in the vertical direction.
Key words: Ensemble, Hybrid, 3dvar, Alpha Control
Development of a Microwave Land Data Assimilation System for Initializing Soil Moisture in NWP Models
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Abstract

The estimation of continuous regional soil moisture and the surface energy budget is crucial for studies of agricultural, hydrological, and atmospheric processes. This study presented a land data assimilation system that assimilates AMSR/AMSR-E low-frequency (6.9 and 18.7 GHz) brightness temperature into a LSM to improve the modeling of soil moisture and the surface energy budget. The data-assimilation system involves an embedded dual-pass technique. In Pass 1, key model parameters are automatically calibrated using satellite data and forcing data; Pass 2 produces the near-surface soil moisture and surface energy budget by assimilating satellite data. As the system integrates well-established global products of soil, vegetation, precipitation, radiation, and other meteorological parameters, it is easily applied.
The system was evaluated using in situ data at two CEOP reference site. The results demonstrate that simulations of soil moisture and the surface energy budget were improved compared with the case with no assimilation. In particular, the soil moisture and energy partition simulated using the assimilation system is less contaminated by negative biases in input precipitation data than the case with no assimilation. This result is encouraging in terms of producing reliable surface-energy budgets in remote regions such as Tibet and northwest China where precipitation-monitoring networks are sparse and input precipitation data are prone to large errors.\

It is expected that the LDAS output could be used for reasonable initialization of soil moisture in weather forecasting and seasonal prediction.
Key word: Land data assimilation, Microwave data, Soil Moisture, Surface energy budget
Impacts of Cumulus Parameterization in a High Resolution Model
Xing Yu, Tae-Young Lee

(Global environment center, Atmospheric department, Yonsei University)

Abstract

The primary motivation for the application of cumulus parameterization (CP) in numerical prediction models is to prevent rapid and unrealistic growth of disturbances on the smallest resolvable scales of a model. The parameterizations are clearly necessary for resolution between 20 and 50 km for mesoscale model. As grid intervals decreases below 20k, or even 10km, the problems become more complex as the convective elements themselves may become partially resolved. 

In this paper, a case of intense quasi-stationary convection band over the Korean peninsula is studied to investigate the impacts of CP in -10 km resolution using a method approach of Observing-System Simulation Experiments. Results show that the simulated true atmospheric observations reproduce the forming, developing and mature stage of this convection band with cloud scales characters. Two simulations with grid resolution of 3km and 9km are carried out to investigate the impacts of CP with initial and boundary conditions generated from the above simulated observations. CP dominates the production of precipitation in 9km during all stages, while convective precipitation decreases after developing stage in 3km. Convective band embedded with cells is partially resolved explicitly by 3km grid resolution and CP plays import role in the forming stage of convection band. Meanwhile the band is resolved implicitly by cumulus parameterization in 9km grid resolution during all stages. Quality precipitation forecasts show that CP has better skill in predicting heavy precipitation location in 3km resolution but has worse skill in 9km resolution. Both in 3km and 9km, CP overestimates the area of light to medium precipitation, and underestimates the area of heavy precipitation (20, 25 mm threshold) fairly well. 

Classification of convective area shows 3km can explicitly resolve the convection band structure during the band developing stage; however, it can not explicitly resolve the small cells occur continuously near the coastline. In 9km resolution, although CP activated area is band type, and exists in all stages, the band is much wider than true simulation. Using the parameterized updraft mass flux to identify convection intensity shows that AOSSE9 underpredict convection intensity.
Key words: Cumulus parameterization  convection band  mass flux simulated observation
Global Bicubic Numerical Model 
Gu Xuzan, Zhang Bing 
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Abstract

1. Introduction
There are two kinds of meteorological numerical models [1]: the finite difference model and the spectrum model. This paper discusses a new type of model with an algorithm of “bicubic curved surface fitting” [2], i.e. Bicubic Numerical Model [3], or Cubic Model. The cubic model turns every variable field of atmospheric motion equations into Coons bicubic curved surface (Coons, S. A., 1964) [2] by Hermite bicubic surface patches [2] with the cubic spline function [4], and does time integration for the forecast governing equations.

2. Mathematic core of cubic model
The simplest mathematic element to be used in the curved surface fitting is a patch [2]. A Hermite bicubic patch can be determined by a matrix of 16 independent vectors: 4 corner vectors, 8 first-order partial derivatives and 4 second-order arbitrary partial derivatives.

The 8 first-order derivatives in the matrix and the other 8 corresponding second-order derivatives are all straightway derived by cubic spline function fitting in parameterized [2] x and y directions of the field P, but the former 8 and the latter 8 are not independent respectively. However, the 
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 of the 4 second-order partial derivatives in the matrix must be derived by fitting the spline of the field 
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 in y/x direction, but, 
[image: image21.wmf]xy

P

=
[image: image22.wmf]yx

P

. According to the continuity requirement of fitting bicubic surface [2], the Coons bicubic surface can be formed by a lot of analogous Hermite bicubic patches combined in the spherical coordinate system.

3. Design of a global latitude-longitude grid BiNM

This research is thus brought to success a global BiNM with 
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 latitude-longitude grid in horizontal and 18 layers in vertical. But the characteristics of a global horizontal bicubic surface with latitude-longitude grid are: ①Whole spherical latitude-longitude grids are parameterized, uniformly spaced rectangular ones; ②Grids have orthogonality and Grid curves are smooth; ③To adjust grids size for variable field; ④To provide best Hermite interpolation for nested model’s lateral boundaries; ⑤Like other scalar variable field, two components of a vector in South/North Pole point may be both kept continuous on whole spherical surface.
4. BiNM adopts primitive equation set (omits)

5. Time integration scheme (omits)

6. Simulating Cases of the Global BiNM (omits)

7. Cubic model for atmospheric non-linear motion (omits)

8. Bicubic Numerical Model & Tricubic Numerical Model (omits)
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Channel Selection Methods For The Advanced Infrared Sounders(
Du Huadong1, Huang Sixun1
(1 The College of Meteorology of the Institute of Sci. and Tech. of the P.L.A, Nanjing 211101, China)
Abstract
As the developing the detecting technology, the advanced infrared sounders provides thousands of channels for each field of view of the instrument. As it is neither feasible nor efficient to use all the radiance data of the channels in the inversion of atmospheric parameters or the data assimilation in numerical weather predication system, a method for channel selection must be developed. 
For the selection of the “optimal” subset of the channels, the key is the definition of the criterion for the selection. In the paper, the concept of the atmospheric retrievable index(ARI) is introduced to provide the criterion of channel selection. The definition of ARI is given by 1 minus the ratio of the determinant of the covariance matrix of the error of the results and the covariance matrix of the error of the background, and the value is within the interval between 0 and 1. For all the probable subsets, the one gives the biggest ARI is the subset to be selected.

To illustrate the implement and effect of the method, the channel selection of IASI(Infrared Atmospheric Sounding Interferometer) for retrieval atmospheric temperature and humidity profiles using MAP (maximum a posteriori solution)is carried out in the paper. Results of selection are compared to the reserved channels in AAPP(Atovs and Avhrr Processing Package) software and it is shown that the distribution of selected channels by this method is basically consistent with the released results in AAPP software. However, as only the retrieval of atmospheric temperature and humidity profiles are considered when the channels are chosen, the inversion results of the surface temperature and O3 profile with the chosen channels are poorer than those by the subset in AAPP. But the inversion of temperature should be slightly better than the subset in AAPP.
Key words: Remote Sensing; Atmospheric Retrievable Index; Advanced Infrared Sounders
Case study and analysis of digital filter initialization for WRF model
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Abstract

The new developed non-hydrostatic mesoscale numerical weather prediction system, Weather Research and Forecasting (WRF) Model features multiple dynamical cores, a three-dimensional variational (3D-VAR) data assimilation system. Recent years, WRF was widely applied, whereas seldom scientific researches on the initialization or the noise problem which is consisted in WRF inherently. The initial model states of WRF were generated by interpolating analyses from global models or large-scale models onto the WRF model grids, which will introduce initial imbalance and rapid model adjustment exciting acoustic and gravity waves that last several hours in the model integrations. WRF 3D-VAR involves observations before launching a forecasting, however, the observational data could not really reflect the actual atmospheric states due to the systematic error or instructional error. As previous researches pointed out, the interpolation and the three-dimensional schemes, however, unavoidably introduce imbalances between mass and wind fields to the initial states. Thus the imbalances between wind and mass fields upsets the internal dynamical balance of the model and leads to spurious fast oscillations associated with gravity–inertia waves and causes the spin-up phenomenon.
Digital filter initialization (DFI) and initial imbalance problem were discussed in the context of WRF 3D-VAR. A storm rain case study and intermittent data assimilation experiments are implemented to assess the impact of DFI on WRF model forecasts in this paper. Several options of digital filter initialization have tested with a rain storm case. It is shown that digital filter initialization, especially diabatic digital filter initialization and twice digital filter initialization have effectively removed spurious high frequency noise from initial data for numerical weather prediction and produced balanced initial conditions. It is also shown that DFI provide better adjustment of the hydrometeors and vertical velocity and has positive impact on relieving the spin-up phenomenon, shortening the spin up time for precipitation, leading to larger forecasting precipitation
For six consecutive intermittent data assimilation cycles covering a 3-day period, mean initialization increments, and impact on forecast variables are studied. Statistics of all the experiments of initialization increments and the differences of forecast made by DFI are acceptably small. Results of investigation of the connective assimilation forecasts with initialization indicate that DFI works satisfactorily and does not degrade the forecasts of the selected predicting variables.
DFI has been considered to be a simple and effective means of initializing data for numerical weather prediction. For a long view, use of the digital filter is not restricted to initialization; it may also be implemented as a weak constraint penalizing the analysis towards a balanced state in WRF 4D-VAR system in the near future. Impact of DFI as a weak constraint on WRF 4D-Var forecasts of severe weathers will be under investigation.
Key words: digital filter initialization, high frequency oscillations, initial states, spin up
Model Comparing Analysis Between AREM and MM5 of the Heavy Rainfall Processes
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Abstract
Numerical simulation were conducted with AREM (the Advanced Regional 
[image: image24.wmf]h

 coordinate Model )and MM5 on the typical heary rainfall processes which happened over the south of Yangtze River happened on Jun 24 th-26 th in 2003 and the heavy flood over the Huaihe River valley in the summer of 2003. It’s shown that AREM and MM5 can successfully simulate the region of the precipitation ,but difficultly for its the center and intensity .According to the comparison of TS score and skill score, it’s clear that AREM  makes much better simulations than MM5,not only the distribution of the precipitation ,but also the intensity of the rainfall. For the synoptic factors, the RMSE of velocity, temperature, vorticity and geopotential3 height are made for comparing. The results indicate that AREM makes better simulation in velocity and temperature than MM5 while MM5 makes better simulation in vorticity and geopotential height than AREM , moreover ,each RMSE of themselves respectively present different characteristics.
Key words: MM5；AREM；mesoscale numerical simulation；Model comparing；score
Atmospheric Chemistry
The Recent Activities of Atmospheric Chemistry Remote Sensing in NSMC
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Abstract
Atmospheric components, include aerosols, greenhouse gases and reactive gases play the key role on climate and environmental change. Satellite is a very important tool to understand the spatial and temporal variation of atmospheric components on global scale. Since 1990s, there are more than 20 satellite observation plan specifically for atmosheric components measurement. As so far, ENVISAT from Europe, AURA from US have achived the great progress on atmospheric chemistry remote sensing.

Chinese next generation polar series Fengyun-3 will start the atmospheric chemistry remote sensing function. The first satellite, FY-3A will carry out TOU/SBUV to measure the total ozone amount and the ozone profile. It will be launched in the second half of 2007 (or it is possilbe to postpone to the first half of 2008).

The recent activities of atmospheric chemistry remote sensing in National Satellite Meteorological Center (NSMC) will be summarized into four aspects in this paper. There are 1) ground-based FTIR observation experiments (Bruker IFM120); 2) the algorithm development to retrieve atmospheric components from ground-based and satellite-based measurements; 3) the application of satellite products to evaluate the air quality over China; 4) international cooperation on atmospheric chemistry remote sensing.
The main progress and achievement include: 1) Groundbased FTIR observation since Dec., 2006 (Breuker IFM120); 2) Sensitivity study for NO2 retrieval algorithm with the forward model SCIATRAN, especially the effects of the surface albedo and aerosol loading on NO2 retrieval; 3) NO2 retrieval algorithm development based on DOAS and results comparison with SCIAMACHY standard product; 4) Aerosol retrieval over ocean and land with MODIS data from 2005 to 2007; 5) Dust strom retrieval algorithm development and application to polar and geostationary satellite based on thermal emission method; 6) Results analysis for the distribution of NO2 and CO with TM5 model; 7) Application of SCIAMACHY product to evaluate the regional NO2 pattern and spatial/temporal characteristics.
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Abstract
Concentrations of elemental carbon (EC) in fine mode (PM2.5) were measured at Peking University in Beijing, China in four seasons from November 2005 to October 2007.  The EC concentrations were measured every one-hour with a semi-continuous thermal-optical analyzer.  Carbon monoxide (CO) and carbon dioxide (CO2) concentrations were measured using non-dispersive infrared absorption (NDIR) instruments with a time resolution of 1 minute.  The EC and CO concentrations decreased with the increase in the wind speed (WS).  The correlations of EC with CO and CO2 were generally compact throughout the measurement period and the slopes of the EC-CO and EC-CO2 correlations (ΔEC/ΔCO and ΔEC/ΔCO2) are therefore useful parameters in investigating EC sources.  The average EC concentrations for each season ranged between about 6 and 8 μg/m3. CO showed minimum values of about 1.1 ppmv in spring-summer and maximum of about 2.1 ppmv in winter.  On calm days (WS < 2m/s), the average EC concentrations started to increase at around 1800 LT and continued to increase until around 0200 LT.  The ΔEC/ΔCO ratios also showed similar diurnal patterns except for winter, when they showed little diurnal variation.  These results suggest that there are strong EC source in Beijing during the nighttime, possibly from diesel vehicles.  The high CO in winter indicates strong source of CO due to domestic heating and this lowered the ΔEC/ΔCO ratios. 

Transboundary Transport of Air Pollutants and Tropospheric Ozone in North China
Chunsheng Zhao (赵春生)
Department of Atmospheric Sciences, School of Physics, Peking University, 
Beijing, China
Abstract
Tropospheric ozone, as one of the major pollutants, is a photochemical active greenhouse gas that has profound influences on the atmospheric composition and climate change. Rresearch of intercontinental transport and chemical transformation of air pollutants can help us better understand the regional and local air quality. In this work transboundary transport of air pollutants and tropospheric ozone in North China are studied using meteorological data, ozone sounding data, satellite data（MODIS, GOME, SCIAMACHY, MOPITT）and global chemical transport model(MOZART). Budgets analysis of tropospheric CO and O3 in North China using MOZART have been calculated. The effects of local emissions in China on the chemical budgets in other regions of the world are also estimated. The study shows that The column CO and NOx concentrations are also high in eastern China. The high CO and NOx concentrations produce modest levels of O3 concentrations during summer (about 40 to 50 ppbv) and very low O3 during winter (about 10 to 20 ppbv) in eastern China. The calculated NO2 column is fairly consistent from the GOME measurement. The calculated CO column is underestimated from the MOPITT measurement. One of the reasons of the underestimation of the predicted CO is due to a fact that the CO emissions were taken without considering the rapid increase of emissions from 1990 to 2000. NOx concentrations in eastern China are mostly caused by the local emissions in China, especially during the winter. The CO concentration over eastern China is from both the local emissions (30% to 40%) and the transport from other regions. Likewise, the CO emissions in China have an important effect on the other regions of the world, but the effect is limited in the northern hemisphere. The local emissions in China also have an important effect on surface O3 concentrations. During winter, the local emissions reduce the surface O3 concentrations by 30 to 50%. During summer, the local emissions produce about 50 to 70% of the O3 concentration in eastern China. 
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Abstract
Halogenated greenhouse gases are efficient in global warming and/or ozone depleting. They are therefore included in the Kyoto and the Montreal protocols. Over the last several years, the Chinese government has issued a set of regulations to control the production and consumption and compiled phase-out strategies.  But emission estimates are particularly uncertain due to lack of continuous measurements in East Asia.  By effective international collaborations, a custom-built automated air sampling/gas chromatographic twin-ECD system has been designed and built for in-situ measurements of low level ozone depleting and radiative forcing halogenated greenhouse gases at Shangdianzi GAW Regional Station (SDZ, 40.39N, 117.07E, 293.9m asl, 100 km northeast of Beijing).  It has been joint funded by the EU FP6 project GOCE-CT-2003-505419 (SOGE-A, System for Observation of Halogenated Greenhouse Gases in Europe and Asia) and the CMA Key project CCSF2006-4 (Climate Change Science Foundation).  All the data obtained from SDZ (SF6, CFC-12, CFC-11, CFC-113, chloroform, methyl chloroform, CCl4, trichloroethylene, tetrachloroethylen, H-1301, HCFC-22, CH3Cl, HCFC-142b, CH3Br and H-1211) since October 2006 are linked to the long-established and internationally recognized AGAGE network (http://agage.eas.gatech.edu/) propagated through EU FP5 funded SOGE network (http://www.nilu.no/soge/).  The halogenated greenhouse gases record at SDZ showed very clear and clean background periods, but also many elevated episodes.  Most species seem to correlate very well during pollution event linked to specific wind directions and back trajectories suggest that polluted air came from various cities.  A few species are relatively much higher than the others, suggesting other point sources.  The SDZ observations will be used to estimate regional Chinese emission strength and source locations of halogenated greenhouse gases by using regional atmospheric models.
Key words: Halogenated greenhouse gases, International collaborations, In-situ measurements, GAW regional station China
Long-Term Trend of surface Ozone at a Regional Background Station in Eastern China 1991-2206:Enbanced Variability
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Abstract
Information about the long-term trends of surface and tropospheric ozone is important for assessing the impact of ozone on human health, vegetation, and climate. Long-term measurements from East Asia, especially China’s eastern provinces, are urgently needed to evaluate potential changes of tropospheric ozone over this economically rapid developing region. In this paper, surface ozone data from the Linan Regional Background Station in eastern China are analyzed and results about the long-term trends of surface ozone at the station are presented. Surface ozone data were collected at Linan during 6 periods between August 1991 and July 2006. The seasonality and the long-term changes of surface ozone at the site are discussed, with focus on changes in the diurnal variations, the extreme values, and the ozone distribution. Some long-term trends of surface ozone, e.g., decrease in the average concentration, increase in the daily amplitude of the relative diurnal variations, increase in the monthly highest 5% of the ozone concentration, decrease in the monthly lowest 5% of the ozone concentration, increase in the frequencies at the high and low ends of the ozone distribution have been uncovered by the analysis. All the trends indicate that the variability of surface ozone has been enhanced. Possible causes for the observed trends are discussed. The most likely cause is believed to be the increase of NOx concentration.

A Weekend Effect in Diurnal Temperature Range and its Association with Aerosols and O3 in Seoul

Byung-Gon Kim, Yoo-Jun Kim, Seung-Hee Eun, Min-Hyuck Choi

(Department of Atmospheric Environmental Sciences, Kangnung National University)
Abstract

A weekend effect has been investigated in diurnal temperature range (DTR) for Seoul in Korea using 50-year (1955 ~ 2005) surface measurements of maximum and minimum temperatures, and particle mass concentrations (PM10) and O3.  The minimum temperature increases by 0.42K per decade, 2 times faster that the maximum temperature during 1955 to 2005, for rapid urbanization has occurred in Seoul. The weekend effect, which is defined as the DTR for Sunday minus the average DTR for Tuesday through Thursday, can be as large as +0.08 K for the recent 20-year period relative to 0.01K for 1955 to 1975.  Especially the wintertime DTR tends to have a remarkable positive weekend effect (+0.17K), that is, larger DTR on Sunday compared to weekdays, which seems to be attributable to increased maximum temperature and thus an increase in DTR.  This result could be explained by relative differences in PM10 concentration between Sunday and weekdays (Tuesday through Thursday), such that PM10 concentration on Sundays appears to be systematically lower about 12% than on weekdays.  It is also interesting to note that O3 concentrations are higher on weekend than those on weekdays, which probably could be associated with an increase in temperature.  The results could be possible evidence of an anthropogenic link to DTR, one of climate important indicators, since no meteorological phenomenon is supposed to occur over a 7 day cycle. 
Key words: weekend effect, diurnal temperature range, PM10, aerosol, urbanization
Impact of Siberian Forest Fires on Tropospheric Ozone in East Asia During May 2003
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Abstract

Forest fire is one of the major sources of CO, VOC, NOX and aerosols in the atmosphere. During the spring of 2003, intensive forest fires occurred in Siberia, the largest seen in the last 10 years. The smoke plumes from these forest fires heavily affected East Asia as indicated by aerosol optical depth retrieved from Total Ozone Mapping Spectrometer (TOMS). Previous studies showed a significant influence of those fires on aerosol concentrations in surface air over East Asia. However, influences of them on O3 concentrations on monthly and daily time scales have not been quantified yet. We use a global 3-D chemical transport model (GEOS-Chem) driven by assimilated meteorological data to examine the impact of Siberian forest fires on O3 concentrations in East Asia. The model simulations use a global biomass burning emission inventory constrained by satellite observations in 2003. Fire influence on O3 concentrations in East Asia is determined by the difference between the baseline and sensitivity simulations without Siberian fire emission. A model evaluation is also conducted using O3 observations at Acid Deposition Monitoring Network in East Asia (EANET) sites in East Asia. Simulated increase in O​3 concentrations due to fire emissions in the model appears to be consistent with an observed increase in O3 concentrations in May 2003 relative to other years. Fire emissions and their long-range transport thus could be important for the year-to-year variability of seasonal O3 concentrations over East Asia. Continuing increases in forest fires as a result of climate warming may have a significant impact on future air quality in East Asia.
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Abstract
For characteristic of ultraviolet in Nanning, this paper studied solar radiation and solar ultraviolet(UV) data in Nanning from Mar 2003 to Dec 2006 ,which divided by four kinds of weather(sunny day, partly cloudy day, cloudy day, overcast day). The results showed that solar radiation and solar UV had similar characteristic, they were both the lowest in winter while the highest in summer, increasing in spring, decreasing in autumn in all kinds of weather. And in every month the highest in sunny day, lower in partly cloudy day and cloudy day, the lowest in overcast day. The proportion of UV to solar radiation was the highest in overcast day, lower in cloudy day, further lower in partly cloudy day, the lowest in sunny day. The proportion of UV to solar radiation in all kinds of weather were the lowest in Jan., then increased until Aug. and Sep., decreased after Sep., The month by month proportion curve had two peak values in sunny day, while had one peak value in partly cloudy day, cloudy day, overcast day.

UV intensity in partly cloudy day, cloudy day, overcast day were apart about 90 percents, 80 percents, 50 percents of that in sunny day. The diurnal variations had the same currents in different kinds of weather and in different seasons, as they were all zero before sunup, and increased after sunup until reached the highest in noon, deceased rapidly after noon, were zero again after sundown.

The diurnal variation had the most obvious difference in different kinds of weather in spring than that in any other seasons, which had obvious difference not only in diurnal maximum, but also in all time segments. Diurnal maximums were among 12:00-13:00 in spring sunny day, spring partly cloudy day, spring overcast day, while among 11:00-12:00 in spring cloudy day. In summer change curves were basically same in the morning in sunny day and partly day, while basically same in the afternoon in partly day and cloudy day. In summer sunny day and summer cloudy day diurnal maximums were among 12:00-13:00 while in summer partly cloudy day and summer overcast day maximums were among 11:00-12:00.In all kinds of autumn weather days maximums were among 11:00-12:00. Contrast to spring, Autumn UV intensity in lower in sunny day and partly cloudy day, while higher in cloudy day and overcast day. In all kinds of winter weather days maximums were among 12:00-13:00. 
From 10:00 to 14:00 in spring, it had the longest time of No.4 grade as “strong” in sunny day and in partly cloudy day，while the longest time of No.3 grade as “middle” in cloudy day, of No.1 grads as “the weakest” in overcast day. From 10:00 to 14:00 it had the longest time of No.4 grade as “strong” in different kinds of weather in summer while No.3 grads as “middle” in different kinds of weather in autumn. From 10:00 to 14:00 in winter, it had the longest time of No.3 as “middle” in sunny day, of No.2 as “weak” in partly cloudy day and cloudy day, No.1 as “the weakest” in overcast day.
Intercomparison between Aerosol Optical Properties (AOP) Retrieved Simultaneously with a Prede Skyradiometer and Cimel Sunphotometer Over Beijing, China
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Abstract

This study compares aerosol optical and physical properties simultaneously measured by a Prede skyradiometer of SKYNET and a Cimel sunphotometer of AERONET installed at the same location in Beijing, China. The intercomparison of Aerosol Optical Properties (AOP) includes aerosol optical thickness (AOT), Angstrom exponent (α), volume size distribution, single scattering albedo (ω) and the complex refractive index. The difference in the AOT from two types of instruments does not exceed 1.3 % maximumly for all wavelengths. The difference in the single scattering albedo was less than 4% below the wavelength of 670 nm. The volume size distribution patterns derived from two instruments were very similar and comparable with each other. 

AOP under three classic weather conditions (background, haze, and dust days) over Beijing were compared by using the retrieved skyradiometer data combined with MODIS satellite result, paranometer measurement, PM10 measurement, and backtrajectory analysis method. The results show that significant difference of AOP exist over Beijing because of different aerosol resources under different weather conditions 

The Impacts of Aerosol on Visibility and Haze Over the Pearl River Delta Region (PRD), China
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Abstract

The recent rapid increase in urbanization and human activities in the Pearl River Delta (PRD) region has important impacts on visibility in this region. The long-term trend of visibility in Guangzhou shows that from 1954 to 2006, there is a rapid change in the visibility. Between 1954 and 1972, the visibility is in good condition. From 1972 to 1980, the visibility is in a transition period during which the visibility in Guangzhou changes rapidly from good to low visibility. Between 1980 and 2006, the low visibility occurrence is about 150 days per year, suggesting that currently, Guangzhou is often under low visibility conditions. In order to understand the causes of the low visibility in Guangzhou, we analyze a typical event (during Nov/15 to Nov/29 in 2005) in which the visibility rapidly changes from good to low visibility in the PRD region. The analysis shows that the major cause for the low visibility is resulted from high aerosol concentrations. During the low visibility period, the aerosol mass concentration excesses 120 μg/m3. There is also a clear evident that the relationship between aerosol concentration and visibility appears in non-linearity feature. When aerosol concentration is very high, the change in visibility is not sensitive to aerosol concentration. By contrast, when aerosol concentration is less than 100 μg/m3, the visibility is very sensitive to aerosol concentration. This study also shows that absorbing of solar radiation of EC (Element Carbon) plays important role in the reduction of visibility. The extremely low visibility (less than 5 km) is often resulted from high EC concentration. In the averaged condition, the small scattering aerosol particles (less than 1 μm in radius) have highest contribution on the reduction of visibility (about 70%). The large scattering particles have small contributions to the reduction of visibility. This analysis implies that the persistent low visibility is mainly resulted from small aerosol particles, including both scattering and absorbing particles. In order to improve the visibility in the Guangzhou region, the reduction of small particle emission is urgently needed. From the result of the case study, if aerosol concentration is reduced to less than 120 μg/m3, the visibility will be significantly improved due to the non-linearity relationship between aerosol mass and visibility. To avoid the occurrence of extremely low visibility, EC concentration should be obviously reduced.  
Key words: visibility, haze day, aerosol concentration, scattering and absorbing particles
The Application of the Air-based Microwave Radiometer for the Artificial Rainfall Increment in Spring in Jilin Province
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Abstract
Airborne microwave radiometers are mainly used to survey the vertical integration total liquid water content and the vertical integration supercooled water content. The microwave radiometer standardizes again and again on the ground in the clear sky and survey on the ground nearly 100 hours after it has been designed successfully. Test the instrument’s stability and sensitivity. It has continually surveyed for six years in the process of the artificial rainfall increment by the plane in Jilin Province during 2001-2006. And it turns to be that this instrument can provide the useful information for the artificial rainfall increment. The practice proves that this system has the serviceability for the artificial rainfall increment. This article analyzes complexly and puts in order the supercooled water content, Which is surveyed by air-based microwave radiometer, of all kinds of clouds in the spring in Jinlin Province. Some valuable results are obtained.
Multi-scale Characteristics of Aerosol Optical Depth over East Asia and Their Association with Wind Fields on 850hPa
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Abstract

Using monthly Aerosol Optical Depth (AOD) about Moderate Resolution Imaging Spectroradiometer (MODIS) dataset from March 2000 to January 2006 over East Asia and the rotated principal component analysis (RPCA), we obtained the leading PC1-4 patterns of monthly AOD. The EOF-1 pattern is a south-north dipole with a strong positive loading in 30-35ºN, 130-150ºE over middle latitude East Asia and a weaker negative loading in southern parts over East Asia. The percentage of the variance contribution of the PC-1 to the total variances is 32.44%.  By investigating the leading PC1-4, it shows that there is a distinct change from 2000-03 to 2004-05 for the PC-1 and the PC-3, respectively; the former mode (centered in middle latitudes over East Asia) is characterized in a decreasing linear trend and the latter (centered in eastern China) is in an increasing linear trend in the full 71-month evolution. Furthermore, by the analysis of wavelet power spectrum, it is found that the distinct changes of AOD occurred in middle latitudes over East Asia (the PC-1 pattern) are connected to the multi-scale variations at intro-seasonal (3-6 month) and annual (12-month) scale. While analyzing the correlation of the PC-1 with wind fields from NCEP/NCAR reanalysis dataset, it is shown that the PC-1 is closely related to the U and V components on 850hPa over subtropical East Asia and western north Pacific, which well represents East Asia monsoon features. Finally, by analyzing the PC-1 and PC-3 at intro-seasonal scales correlated with the U-component on 850hPa, results show that the distinct changes of the PC-1 and PC-3 modes from June-July-August (JJA) 2003 to 2004 correspond to opposite anomaly patterns of U-component over middle latitudes East Asia and subtropical western Pacific. 
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Abstract

A new method is developed to calculate monthly CO emission data using MOZART modeled and MOPITT observed CO data in 2004. New CO emission data were obtained with budget analysis of the processes controlling CO concentration such as surface emission, transport, chemical transform and dry deposition. MOPITT data were used to constrain the model simulation. New CO emission data agree well with Horowitz’s emissions in the spatial distributions. Horowitz’s emissions are found to underestimate CO emissions significantly in the industrial areas of Asia and North America, where high CO emissions are mainly due to the anthropogenic activities. New CO emissions can better reflect the more recent CO actual emissions than Horowitz’s. 
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Abstract

We present measurements of several trace gases made at ShangDianZi regional background atmosphere monitoring station (40°39′N, 117°07′E, 293.3 m), which locates at the northern edge of North China plain, from September 2003 to December 2006. The gases include O3, NOx, SO2, and CO. The observed data were of adequate regional representation. Study showed that the concentrations of O3, NOx, SO2 and CO at the background station showed clear diurnal and seasonal variation. In certain cases, higher O3 and NOx concentrations have persisted over periods of several hours, resulting in exceeding of China National standards. The mean annual O3 concentrations were 30.1±21.0, 32.8±19.1 and 30.9±19.8 ppbv in 2004, 2005 and 2006. The corresponding NOx values were 14.5±14.0, 11.0±11.3 and 12.7±11.8 ppbv, respectively. The ozone concentrations were higher in summer, autumn and lower in winter. O3 was negatively correlated with NOx, SO2 and CO. CO was high correlated with NOx and SO2. In this study, trace gases data were analyzed for relationships to meteorological parameters (wind speed, wind direction, temperature and relative humidity) during the period of 2003-2006. O3, SO2, NOx, and CO all show higher concentrations in the S-SW-W wind direction. 3-day back trajectories were analyzed to identify the origin of the polluted air masses. 
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Typical Precipitation Analysis Of Cumulo-Stratus Mixed Cloud Microphysics
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Abstract
This article described that of cumulo-stratus stratus mixed cloud for artificial rainfall in Jilin Province on July 8, 2003 an analysis of the detection data had been made and the variation of the microphysical structure in the different layers of cloud population had been found out by combining the data probed by such detection instruments as hot line water instrument, PMS, GPS, etc. and the data of weather satellite and radar through analyzing the macro and micro structures of cloud, which provides a scientific basis for selecting an ideal potential area for artificial rainfall.
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A Weekend Effect in Diurnal Temperature Range and its Association with Aerosols and O3 in Seoul

Byung-Gon Kim, Yoo-Jun Kim, Seung-Hee Eun, Min-Hyuck Choi

(Department of Atmospheric Environmental Sciences, Kangnung National University)
Abstract

A weekend effect has been investigated in diurnal temperature range (DTR) for Seoul in Korea using 50-year (1955 ~ 2005) surface measurements of maximum and minimum temperatures, and particle mass concentrations (PM10) and O3.  The minimum temperature increases by 0.42K per decade, 2 times faster that the maximum temperature during 1955 to 2005, for rapid urbanization has occurred in Seoul.    The weekend effect, which is defined as the DTR for Sunday minus the average DTR for Tuesday through Thursday, can be as large as +0.08 K for the recent 20-year period relative to 0.01K for 1955 to 1975.  Especially the wintertime DTR tends to have a remarkable positive weekend effect (+0.17K), that is, larger DTR on Sunday compared to weekdays, which seems to be attributable to increased maximum temperature and thus an increase in DTR.  This result could be explained by relative differences in PM10 concentration between Sunday and weekdays (Tuesday through Thursday), such that PM10 concentration on Sundays appears to be systematically lower about 12% than on weekdays.  It is also interesting to note that O3 concentrations are higher on weekend than those on weekdays, which probably could be associated with an increase in temperature.  The results could be possible evidence of an anthropogenic link to DTR, one of climate important indicators, since no meteorological phenomenon is supposed to occur over a 7 day cycle.
Key words: weekend effect, diurnal temperature range, PM10, aerosol, urbanization

Diurnal Cycle of Trace Gases (CO, NOx) and Particulate Matters (PM1, PM2.5, PM10) in Kangnung Coastal City
Hyo Choi 

(Dept. of Atmospheric Environmental Sciences, Kangnung National University)
Abstract

In order to investigate the relationship between trace gases and particulate matters, GRIMM sequential mobility particle sizer and counters (Model 1107 and Model 1108) measuring particle size of 0.3 μm to 20 μm was established at a sampling point, Kangnung coastal city February 13 through February 15, 2005.  A relatively moderate southwest wind in the range from 2.9 m/s to 4.7 m/s occurred at Kangnung city until 1000 LST.  Then the wind speed decreased to less than 2 m/s and the wind direction changed to northeasterly between 1100 LST and 1700 LST. The maximum concentration of PM at 2000 LST is due to the increase in vehicle numbers on the roads after office hours. A second reason might be as a result of a shallow nocturnal surface inversion layer due to nighttime surface cooling, compared to the depth of the daytime Convective boundary layer over the city.  In general, PM generated from industrial and vehicular emissions in the city drifts from the surface to the lower troposphere due to thermal convection and is transported from Kangnung coast, toward Mt. Taeguallyung to the west under the influence of an easterly sea-breeze and valley wind until sunset.  After sunset, a strengthening downslope wind, reinforced by a katabatic and land breeze drives the PM back down the eastern slope of Mt. Taeguallyung toward Kangnung city in the east, resulting in a high concentration of particulates late evening under the association of a great amount of emitted gases from the vehicles on the road and resident heating in the evening time after sunset.  With a reduction in vehicle numbers after peak hour traffic, the PM concentration also decreases for night. Thus a secondary maximum in PM concentration at night is produced by the shallow nocturnal surface inversion layer.  After midnight, as most of the PM in Kangnung city has become dissipated over the East Sea, the PM concentrations rapidly decrease until 0600 LST at which is relatively free of PM values less than 30 ㎍/m3.  

The maximum concentration of PM10 at 2000 LST on February 14 also coincided with the maximum concentrations of both PM2.5 and PM1.  It is necessary to compare the gas concentrations of CO, NOx (= NO2 + NO) and Ox(= O3 + NO2) at the Kangnung Environmental Monitorinting Site in Kangnung city. The CO concentration closely matches that of PM10, PM2.5 and PM1. The distribution of NOx concentration is similar to that of CO, except for the morning of February 14.  When PM10, PM2.5 and PM1 had their first and secondary maximum concentrations, NOx also had its first and secondary maximum concentrations, namely, at 2000 LST on February 14 and 0100 LST on February 15. Thus, NOx and CO gases resulting from vehicle emissions due to fuel combustion and from boilers in resident areas can contribute significantly to the increase in PM10.  Ox is composed with O3 + NO2 and is assumed as permanent capacity of O3.  Ox concentrations are generally within the range 39 ppb to 62 ppb, except for 30 ppb on February 15, when NOx concentrations were very low. The distribution of Ox did not reflect the distribution characteristics of CO or NOx.

Key words: CO, NOx, PM10, PM2.5, PM1, Atmospheric boundary layer
Optical properties of Aerosol in Seoul using the Skyradiometer Measurements
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Abstract
Recently, effect of aerosol to climate change has been investigated extensively, but its understanding and radiative forcing are still uncertain. To understand and evaluate the radiative forcing of aerosol it is essential to have coordinated and reliable measurements. We have measured optical properties of aerosol by using skyradiometer at Yonsei University, Seoul since December 2005, and analyze aerosol optical properties in Seoul, one of the megacities in the world.

AOD in Seoul shows a maximum value in June due to the weak ventilation effect and size growth of aerosol. In fact, advection is far weak from the result of HYSPLIT4 model [Draxler and Rolph, 2003], which results in growing aerosol size due to the aerosol aging. Moreover relative humidity is the highest in the summer, enabling hygroscopic growth of particle. Aerosol optical properties are affected by the Asian dust events in spring. Angstrom exponent is low in spring due to the large size of dust particle. Single scattering albedo is also low in spring, so the Asian dust has the radiatively absorptive characteristics. Volume size distribution shows different pattern, coarse mode is dominant in winter and spring, and fine mode is dominant in summer and autumn. Namely the ratio of coarse mode peak to fine mode peak is higher in winter and spring. The relation between AOD and Angstrom exponent shows negative correlation because the size growth of particle contributes to the increasing of AOD.

Back trajectory is used to investigate the characteristics of aerosol. Using the HYSPLIT4 model, 3 day back-trajectories are calculated for 1 year, and classified.  From the result, westerly is frequent in winter and spring, southerly is frequent in summer, which is related to the seasonal peak ratio pattern of volume size distribution. But the characteristic is different in accordance with the distance of path despite the same wind direction. In case of westerly, coarse mode is dominant in the long path trajectory and fine mode is dominant in the short path trajectory, reflecting different source of emission.
Correlation Between Carbon Monoxide and Black Carbon Aerosol from Satellite Remote Sensing
Jungbin Mok, Jhoon Kim, Jaehwa Lee

(IEAA BK21 Program, Department of Atmospheric Science, Yonsei University, Seoul, Korea)

Abstract

Recent development in satellite remote sensing, with its global coverage now enables us to investigate correlation between aerosol and pollutant gases. MOPITT (Measurement of Pollution in the Troposphere) onboard Terra satellite launched in December of 1999 has observed CO (Carbon monoxide) density, and MODIS (Moderate Resolution Imaging Spectroradiometer) has observed AOD (Aerosol Optical Depth).

Increases of CO, a very important gas in tropospheric chemistry, in atmosphere can reduce the self-purification ability of atmosphere, thus modifies atmospheric chemical, physical, and climatological properties. CO is produced by both natural (biomass burning) and anthropogenic source (Edwards et al., 2004). MODIS-OMI algorithm is used to investigate correlation between CO and black carbon AOD. This algorithm uses OMI’s AI (Aerosol index) to see radiative absorption of aerosol and MODIS’s AE (Augstrom Exponent) to see size of aerosol (Kim et al., 2007). Using this algorithm, we can classify the aerosol into 4 types – black carbon, soil dust, sulfate, and seasalt (Higurashi and Nakajima, 2002 and Kim et al., 2007).

This study investigates correlation between black carbon aerosol and CO which is regarded as a precursor of black carbon aerosol, and their dependence on season, region, and special events, i.e. wild fires and biomass burning. To investigate regional dependence, we divided globes into 7 areas – North America, South Africa, Europe, North Africa, South Africa, Asia, and Australia. Correlation between black carbon AOD retrieved by MODIS-OMI aerosol classification algorithm and CO becomes better than that between fine mode AOD and CO in most regions. By comparing these results with MODIS fire counts, enhanced correlations are found for CO with black carbon aerosol in the region of biomass burning and wild fires.
Key words: Carbon Monoxide, Black Carbon, Aerosol, Satellite Remote Sensing
Study On The Relationship Between Meteorological Conditions And Acid Rain In Mid-Eastern Fujian
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Abstract

Based on the acid rain observation data and the correspondingly historical synoptic charts of mid-eastern Fujian from 1991 to 2003, and according to the objective analysis on the synoptic background for acid rain formation, the paper analyzes acid rain distribution characteristics of variety of seasons, weather types, precipitation grades and wind directions, deepens the knowledge on the cause of acid rain formation in mid-eastern Fujian and provides objective evidences for the development of the acid rain forecasting business in Fujian. The results are shown as follows:

⑴ From the year 1991 to 2003 in mid-eastern Fujian, there is a notable rising trend on the annual alteration of the precipitation pH value, and an indistinct downward trend on acid rain frequency, so the acid rain pollution is still comparatively serious.
⑵ The precipitation pH average value of winter is the lowest, followed by spring, autumn and summer. So is the seasonal distribution result of acid rain frequency, acid rain frequency of winter is twice more than that of summer.
⑶ The precipitation pH average values of warm-shear type, cold-trough type and cold-shear type at 850hpa are all below 5.00, acid rain frequency all exceed 47%. Acid rain frequency of warm-sector-convergence type, low-pressure (cyclone) type and high pressure type are 40%, and the precipitation pH average values are respectively 4.99, 5.24 and 5.03. Both the precipitation acidity and acid rain frequency of inverted-trough type are the lowest among seven weather types.

⑷ The precipitation pH average values of cold-trough type and warm-shear type are the lowest. The precipitation of inverted-trough type generally indicates alkaline. Acid rain frequency of the low-pressure (cyclone) type reaches up to more than 70%. The precipitation pH average values of seven weather types in summer are generally a litter higher than in spring, and acid rain frequency are all declining to less than 30%. Acid rain frequency of high-pressure type in autumn is only 40%. The precipitation acidity of the warm-shear type is the highest of the seven weather types in autumn, and acid rain frequency rises up to 60%, while the low-pressure (cyclone) type is lowest, only 10%, and the precipitation indicates alkaline. The precipitation pH average value of warm-sector-convergence type in winter is the lowest, and acid rain frequency of the warm-shear type is as the highest as 67.14%.

(5) The precipitation of four types behind-trough all indicate acid. There is no marked difference between the acid rain distribution characteristics of the four weather types ahead of and behind trough.
(6) The precipitation of five grades all indicate acid, the precipitation pH average values of those grades under heavy rain are below 5.00, and acid rain frequency of the five precipitation grades are above 40%, changing as an inverted ‘U’ shape.
(7)The precipitation in each wind direction tends to be partially acidic generally. There are differences among acid rain frequency in the eight wind directions.
Key words: Mid-eastern Fujian   Acid rain   Weather system
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Meteorological Analysis of Heavy Snowfall Events Occurred Over Southwestern Region of Korea
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Abstract

It has been known that the frequency of heavy snowfall in South Korea is relatively low, but it can cause serious damage to people and property. The occurrence of the heavy snowfall is local and intermittent, raising a problem in its forecasting. There are three main regions of heavy snowfall in South Korea: 1) Daegwallyeong including Gangneung and Sokcho, 2) Ulleungdo, an Island in the East Sea, and 3) the western coastal region including Gunsan (Jhun et al., 1994). The purpose of this study is to investigate meteorological conditions associated with heavy snowfall events occurred in the southwestern region of Korea during the period of December 2005. There were fourteen days of snowfall during that time.  Among these days, three cases of heavy snowfall, where the depth of snowfall exceeded 100 mm/day at Mokpo, were selected for the present study: December 4, 17, and 21, 2005. The data used in the study are atmospheric soundings, surface/upper level weather charts, MTSAT-1R images, radar observation data and observation data of snowfalls at Mokpo weather station including the NCEP/NCAR reanalysis data.
The weather charts were used to analyze synoptic conditions for the development of those heavy snowfalls. The atmospheric thermal stability, height of cloud top, vertical profiles of wind, vertical wind shear including horizontal temperature advection were analyzed using the atmospheric soundings at Gosan in Jeju Island. The NCEP/NCAR reanalysis data was used to investigate the dynamic and thermodynamic characteristics of weather system related to the heavy snowfalls. The following meteorological factors were analyzed from the reanalysis data set: temporal and spatial variations of potential vorticity, dynamic tropopause, and wind including relative vorticity and vertical air-motion. The results of the present study are as the following. Our synoptic analysis of surface weather maps indicates that a well-developed ridge originated in an intense Siberian High was always built over China while a low pressure system was usually developed over the East Sea or the western coastal region of Japan. Under the synoptic conditions, the surface isobars over the Yellow Sea were almost straight and were in parallel, inclined toward the northwest. The analysis on the 850 hPa maps shows that a thermal trough was usually developed over the Yellow Sea, where the isotherms and the geopotential height contours were almost perpendicular each other. The temperature analysis on the 500 hPa indicates that a cold core, where the temperature was less than -40°, was developed. Further the analysis of 300 hPa maps shows that the upper level-jet streak was located at about 30°N, just below Jeju Island during the period of heavy snowfall. 

The analysis of the temporal variations of averaged wind speed and direction over the layer between 850 hPa and 700 hPa was done by using the atmospheric sounding data at Gosan. The analysis results show that all three cases of heavy snowfall occurred at the average wind speed grater than 25 ms-1, corresponding to the low level jet. Horizontal temperature advection was analyzed over the layer between 850 hPa and 500 hPa to examine how it affects the occurrence of the heavy snowfalls. Our analysis results indicate that all three of them occurred only in the case of the thermal advection less than -1.0 Khr-1except for one case. There was no heavy snowfall for it, in which the averages of wind speed over the layer between 850 hPa and 700 hPa was less than 25 ms-1. The vertical profiles of potential temperature indicate that the atmosphere was thermally stable, and a strong subsidence inversion was developed at the height of about 3 km. In fact the inversion height was found to be the top of cloud layer. The wind speeds below the top of the inversion were relatively uniform, ranging from 20 ms-1 to 30 ms-1. and the wind direction ranged from 270° to 360°. The present analysis of wind distribution on the surface of 850 hPa shows that a large area of intense wind, in which the speed is greater than 20 ms-1, always exists for the period of all three cases of heavy snowfall. The area was located at the ocean off the southern coast of Jeju Island.  The potential vorticity analysis shows that during the development of heavy snowfall, there were deep tropopause undulation and potential vorticity (PV) anomaly on the isentropic surface of 305 K. A strong PV anomaly was found over Manchu region or its neighboring regions. 

The present study results reveal that the heavy snowfall events occurred in the southwestern region of Korea were closely linked to the tropopause undulation, a strong cold advection, PV anomaly and low level jet at the height of about 3 km. However, a clear explanation for the development of the heavy snowfalls requires more detailed study.

Research on Climate Characteristics and Physical Factors of Rainstorms at the Rear of Typhoons in Fujian Province
Zhu yanping1,2  Ma changing1  Liu aiming1  Wang shigong2
FuJian Meteorological Observatory,FuZhou,350001 

 2 LanZhou University College of Atmosphere Sciences,LanZhou,750000 )
Abstract

In this paper，based on the past year typhoons data by China Meteorological Press, the typhoons between 1961 and 2006 is investigated in the field from 20ºN to 28ºN and from 114ºE to 125ºE. By analyzing the precipitation data, we found the rainstorms at the rear of typhoon in Fujian province and then summarized.the climate characteristics. The rainstorms at the rear of typhoon in Fujian province are often happened at the Daiyu Mountain which is in middle-south in Fujian province and some special landform in the east of Bopingling Mountain. Southeast in the Fujian province is the most occurring district that its wind from south and southwest in upper layer brought the cloud from seas to southeast of Fujian.

Following, using bilinear interpolation we can transform from NCEP 1˚×1˚ data  to 0.6˚×0.6˚ final analysis data, we calculated the circumstance and physical factor of typhoons by the MM5 mode. We classified the typhoons between 1961 and 2006 which are rainstorm and non-rainstorm at the rear of typhoon in Fujian province. Then we separated and compared with these factors of the two sorts in the circumstance and physical factors and concluded some results. In the cases, a closed low-pressure cyclone exists in the north of South China. The height of the low pressure center and the height in the Fujian province in the cases of rainstorms are lower than those of non-rainstorms. The jet partial to the south at the low-lever exists from the coast of Fujian to Taiwan Strait. Those low-lever jets make water vapor, thermal transport and convergence ascending motion strongly. The rainstorms at the rear of typhoon needs some exponents such as: (k), specific humidity (q), water vapor flux (qf), the difference between the temperature to dew-point temperature (t-td), the pseudo-equivalent potential temperature, the vortex (vor), and the vertical speed whose value are bigger than some standard. 

In conclusion, this article firstly defined the rainstorms at the rear of typhoons in Fujian province and analyzed the climate characteristics, the circumstance, the dynamical and thermal factors characteristics in detail. Those can help meteorologists and forecasters know about the occurring and developing ruler of rainstorms at the rear of typhoons in Fujian province in all sides. At the same time, by the MM5 mode we calculated all the rainstorms at the rear of typhoon in Fujian province between 1961 and 2006. Firstly through fifteen years numerical products of high differentiation quotiety, we analyzed the physical factors diagnoses rainstorms at the rear of typhoons in Fujian province and found a few new ideas. 

Key words: Typhoon rainstorms of the rear； Contradistinctive analysis
Linkage of Arctic Sea Ice Thickness Distribution to Chinese Climate and Tropical Key Region SST
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Abstract
Based on 51a Chinese station observed air temperature and precipitation, NOAA reconstructed sea surface temperature (SST), and simulated Artic sea ice thickness data of coupled Bergen Ocean Model (BOM) and Community Sea Ice Model Version 4 (CSIM4) forced by NCEP reanalysis data, the linkage of Arctic sea ice thickness distribution to Chinese air temperature and precipitation, and tropical ocean key region SST are investigated through rotated empirical orthogonal function (REOF) and singular value decomposition (SVD) method. Results show that: (a) The larger are the mean sea ice thickness in the central Arctic Ocean (CA) and Chukchi-Beaufort Sea (BC), and less in the Barents-Kara Sea (BK) and Baffin Bay-Labrador Sea (BL), the less are precipitation in South China, the Tibetan Plateau, and the north part of Northeastern China than normal, and v.v. (b) The less are the mean ice thickness in CA, BC, East Siberian Sea (ES) and Greenland-Iceland-Norwegian Sea (GIN), and the larger in BL, the higher are air temperature in north-eastern China, the southern of Tibetan Plateau, and Hainan Island than normal, and v.v. (c) In addition, the thicker are the sea ice in BC and BL, the larger are the SST in the middle and eastern Pacific Ocean, and less in the tropical Southeastern Indian Ocean. This study is supported by Important Basic Research Development Project No. 2004CB418303，National Natural Science Foundation under Grant 40405010 and Jiangsu Key Laboratory of Meteorological Disaster Project No. KLE050304.
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A Heavy Rainfall Event in Central Vietnam and Collaboration Effect of a cold Surge and Tropical Intraseasonal Variability
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Abstract

In 2-3 November 1999, a heavy rainfall event occurred in central Vietnam. Precipitation in Hue city, for example, reached more than 1800 mm in these 2 days. From large-scale viewpoint, two atmospheric disturbances played an important role in the heavy rainfall. A cold surge northerly wind anomaly in the lower troposphere originated near 40°N propagated southward to reach the northern South China Sea (SCS) and then remained there for a couple of days, resulting in stronger than usual northeasterly wind continuously blowing into central Vietnam against the Annam Range. Southerly wind anomalies over the central SCS associated with a tropical depression (TD) type disturbance seemed to prevent the CS from propagating further southward. Over the northern SCS, the southerly wind anomalies contributed to formation of strong low-level convergence in cooperation with the CS northeasterly anomaly, and supply of warm and humid tropical air. These conditions were favorable for heavy rainfall occurrence in central Vietnam. The TD type disturbance was recognized as a Rossby wave response to the large-scale convection anomaly over the maritime continent associated with the tropical intraseasonal variability.

Using the Japanese 25-year Re-Analysis (JRA-25) dataset and surface precipitation data observed by meteorological agencies of Indochina countries, the authors carry out composite analyses and confirm that coexistence of the CS and TD type disturbance is important for a huge amount of precipitation in central Vietnam. In addition, the CSs without the TD type disturbance do not lead to much precipitation. 

Key words: Cold Surge, Intraseasonal Variability, Indochina Peninsula
Diagnosis of Influence of Southern Airflow on Moving off the Tibetan Plateau of the Plateau Low Vortex 
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Abstract
By analysis of the activities of 3 long-lasting vortexes (longer than 48 hours after leaving the Tibet Plateau) and the impact of the southern airflows, as well as diagnoses of 
[image: image25.wmf]q

=325K-isentropic surface, vapor transportation on 500hPa and vorticity advection, we find out the common and different characteristics of the influence of southern airflows on movement of a Plateau Vortex, and based on it, propose a concept model to display how southern airflows influence the movement of Plateau Vortexes. This model can rich our knowledge about the vortex’s eastward shift and provide the scientific basement for predicting heavy rain and flood resulting from a Plateau Vortex. The conclusions are as follows:
On isentropic surface 325K, plateau vortexes are located on surface sloping from northeast down to southwest; to its west are northwester or northerly wind, and to its east, southwester; vortexes leave the Plateau when southwester increased; compared to plateau-shear-bred or transversal-shear-bred vortex, shear-end-bred vortex is more strongly influenced by cold air and less by southwest stream.

Southwest airflows acted with Plateau vortexes may be different in source and path; its humidity is generally more than 90% when vortex moves off the Plateau; its intensity has a positive relationship to a vortex eastward speed, the more intensive, the more rapid, and vice versa; oppositely, its space to plateau vortex has a minus relationship to a vortex eastward speed, the shorter, the more rapid; unlike the southern southwest airflow that produces heavy rainfall, it doesn’t climb much when a vortex left.

The southwest airflow not only transports vapor but also impacts upward motion; its impact is different in intensity and area; plateau vortex moves out of the Plateau when inner-vapor-flux and inner–upward-motion gain and sustains when inner-vapor-flux continuously increases or convergence of inner-vapor-advection enhances, at one time, the inner-upward-motion in southern vortex surpasses 20 unit.

The southwest airflow also imposes on intensity and area of vorticity, vorticity advection; plateau vortex goes away when the inner-vorticity increases and inner-vorticity-advection enlarges in its area; if the gain in inner-vorticity continues, the vortex sustains.

Different plateau vortexes migrate in the different environment. Compared to plateau-shear-bred vortex and transversal-shear-bred vortex, Shear-end-bred vortex is accompanied by much smaller strip areas of vapor flux, upward motion, vorticity and vorticity advection, plateau-shear-bred vortex takes the largest; transversal-shear-bred vortex is noticeable for its intensity enhancement of upward motion and enlargement of inner-vorticity-advection area; the biggest inner-vapor-flux and –vorticity-advection belongs to shear-end-bred vortex.
Current Probabilistic Multi-Model Ensemble Approach to Seasonal Climate Prediction at the APEC Climate Center
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Abstract

Different approaches to seasonal climate prediction at the APEC climate center (APCC) are described. APCC routinely collects 3-month seasonal climate predictions produced by 15 operational and research centers from eight APEC member economies and produces optimized multi-model ensemble forecast for Globe, with main attention being paid to APEC region. Currently, forecasts are issued four times a year in deterministic and probabilistic form. Probabilistic forecast implies prediction of precipitation, temperature and height of 500 hPa surface in the form of tercile-based categorical probabilities – that is the probability of the below-, near-, and above-normal 33.3% equiprobable categories. Certain category probabilities yielded by individual models are combined on the basis of the total probability formula with individual model weights being equal to square root of ensemble size of each model. The multi-model probabilistic predictions outperform individual model forecasts in terms of skill score, particularly, Brier Score (BS), Brier Skill Score (BSS), the Relative Operating Characteristic (ROC) curve, and reliability diagram recommended by the WMO SVS. In terms of the economic value, APCC probabilistic forecasts feature comparable skills to those produced by IRI and DEMETER, two similar projects in USA and Europe, respectively. Further enhancements to APCC probabilistic multi-model prediction are discussed.
Normality Analysis on Annual, Seasonal and Monthly Precipitation in Ningxia
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Abstract
Annual, seasonal and monthly precipitation data in Ningxia were analyzed using normal distribution test of χ2, skewness and kurtosis methods. Results show that, 1. Most of the stations in Ningxia passed the normal distribution test for annual precipitation. 2. In summer, 18 stations passed the passed the normal distribution test, 12, 7 and 4 stations passed respectively in fall, spring and winter. Calculated values of summer and fall are better than those of spring and winter, and there are obvious geographic differences between the seasons for the stations that passed the test. 3. None of the stations pass the normal distribution test for monthly precipitation totality. 4. The test for every month indicates that in September, August, and October the numbers of stations passed the test rank top, and in November drops very low. 5. The precipitation samples that failed to pass the test exist strong trend that the skewnesses lean to the low direction, and the major reason of fail to the test lies in that the skewness cannot meet the threshold.

Keywords: Ningxia, precipitation, normality, analysis.
Recovery of Flow-Dependent Model Error Covariance from Timelagged Ensembles
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Abstract

One of the most important factors that determine meteorological analysis fields for a numerical weather prediction is the background covariance matrix. Not only does this error covariance give a relative weight between model background states and observational updates, but it also takes a decisive role in how to spread the known information spatially and among multivariates. A time-lagged ensemble forecast system pools forecasts initialized at different times but validated at the same time, forming an ensemble system. Because each member of this ensemble system may be obtained in a timesequential way, the model error covariance computed from such a statistical sample possess crucial flowdependent error information in the model. We will demonstrate how such background error covariance can be calculated within a frequent data-assimilation cycle, and also compare the covariance structure recovered using this method with that from the NMC method.

The background error covariance estimated from the time-lagged ensembles is applied in the LAPS (Local Analysis and Prediction System) system to show that if this background error covariance could improve forecast as well as analysis by ingesting background wind and temperature error covariances. Currently, the background at each grid point is given an “observation” increment of zero with an appropriate constant weight corresponding to the background error. This study describes new work that has been done to include an ensemble-based estimate of background error statistics and to improve the weighting of the model background information in the LAPS data assimilation system. With appropriate background covariance retrieved from the ensemble method, the wind analysis is verified by comparing the current LAPS analysis that has constant weighting of background errors (CON) with this upgraded LAPS analysis designated VAR. Both the CON and VAR analyses are then compared with the withheld Radiosonde Observations (RAOBs).

Key words: Data assimilation, Time-lagged ensembles, background error covariance
A Heavy Precipitation Case Study Around the East China Sea in Summer Season, 2006
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Abstract
In summer season, Korea, Japan, Taiwan and China are influenced several severe weather events such as Changma/Meiyu/Baiu front, typhoon, strong low pressure, and local heavy precipitation. These events are usually accompanied heavy precipitation and gusts. Mesoscale convective systems developing in a moist environment such as over the East China Sea are one of the major targets to reveal in meteorology as they develop rapidly and produce heavy rainfall on these countries. To clarify the development of the mechanism of heavy precipitation system and study its occurrence mechanism, we had field experiments in Jejudo and Marado. We analyzed the synoptic condition by using NCEP/NCAR reanalysis data and kinematical characteristics of precipitation system by dual Doppler radar analyses. Although several cases observed, especially the case that Changma front influenced indirectly by typhoon “EWINIAR” located in south coast around Jejudo recorded heavy rainfall amount and showed special features and characteristics. Wind field characteristic, vertical thermal condition and synoptic condition played important roles. To understand occurrence mechanism of these heavy precipitation systems and monsoon etc., long-term intensive observations should be done continuously around the East China Sea.

* This work was supported by the Korea Foundation for International Cooperation of Science
& Technology(KICOS) through a grant provided by the Korean Ministry of Science & Technology(MOST) in 2006 (No. 03874)
* This work was supported by the second stage of Brain Korea 21.
Numerical Simulation on a Vortex Heavy Rain Occurred in North China 

Tian Xiu-xia1、2 Shao Ai-mei1
（1 College of Atmospheric Sciences, Lanzhou University, Lanzhou 73000; 2 Handan Meteorological Bureau, Handan 056001）

Abstract
Numerical stimulations results show that: (1) The MM5 model not only can simulate successfully the heavy rain area in the east of Taihang Mountain, but also can reproduce the evolution of the lower vortex, it implies that the MM5 model is capable for predicting the lower vortex; (2)At the early stage of the rainfall, airflow formed souther and northeaster was blocked by Taihang and gathered；At the mature stage, northeaster airflow played the major role and was blocked by Taihang for a long time when the southerly low-level jet was weaker. The small-scale strong upward currents were below 500hPa and the factor caused the precipitation was mainly occurred in the middle-lower layer; (3) The high value of the local helicity indicated that the rainfall area was consistent with the location of frontal zone. The total helicity had relation with the precipitation; (4) heavy rain area lies in the northeastern of the positive value of the PV, and the movement of the PV would indicate the direction of the heavy rain. The negative value of the PV is a very good forecast index in the rainfall area and intensity. In the MPV, the evolution of MPV1 and MPV2 was in accorded with that of the weather system and rainstorms center at the lower levels. The movement of positive MPV2 may imply the activity of the low vortex. The heavy rain will fall in the right-hand front zone along the direction of MPV2; (5) Divergence term and tilting term in the frontogenetical function were helpful to the frontogenesis. The central position of the front belt approach the rainfall area, the rainfall area occurred mainly in the front of the frontogenisis area, which provided the reference for the future forecast; (6) When the height of the terrain is reduced to the original 40%, the rainfall area moved easterly and the precipitation intensity became weak, the easterly wind in low levle was strengthen, the upward jet was weaken, the weather system and the usual physical field such as vorticity field, divergence field, vertical velocity field moved to east quickly.
A Study on Quantitative Precipitation Estimation Based on Kriging with External Drift (KED) (
Huang Xiaoyu 1, 2  Chen Yuan1  Xiong Yi3  Chen Bo4  Liao Yufang 2
1．Hunan Provincial Key Laboratory of Meteorological Disaster Reduction, Changsha, 410007
2．Hunan Province Meteorological Observatory, Changsha, 410007
3．China Meteorological Administration, Beijing, 100081
4．National University of Defense Technology, Changsha, 410001

Abstract

A new spatial information statistical method, namely Kriging with external drift (KED), which merges radar and rain gauge data to make quantitative precipitation estimation is introduced in this paper. Rainfall field spatial structure information is obtained by using variogram so that estimating accuracy can be improved and processing was speeded up by making full use of the spatial relation among data. It is hoped to make the new exploration and significant attempt in domestic domain of quantitative precipitation estimation. Three methods such as radar-based precipitation estimation (RAD), variation adjustment precipitation estimation (VAR), and the KED estimation, were compared with the rain gauge data independently. Results show that mean-square deviation, the absolute error and the relative error from RAD are bigger than those from VAR. And the mean-square deviation, the absolute error and the relative error from KED are the smallest. So results from KED display very good agreements with the rain gauge data. The error frequencies from the three methods and the rain gauge data are respectively calculated. KED has the smallest average error and standard deviation and the error distribution for KED is located near 0. Moreover, the pitch and the kurtosis for KED are the best, while those for VAR take the second place and RAD performs the worst.

Key words：Kriging with External Drift(KED), Variogram, Radar, Rain Gauge 
Comparisons of Various Convection Parameterization Schemes for Precipitation Simulation over Eastern China
ZHAO Ying-Long, TAN Yan-Ke and WANG Tie

Institute of Meteorology, PLA University of Science and Technology, Nanjing  211101

Abstract
In this paper, by using Kuo-Anthes, Grell-AS, Grell-FC and MIT-Emanuel cumulus convection parameterization schemes, a new regional climate model RegCM3.1 has been used to simulate precipitation from May to July 1991 over Eastern China. The schemes of Grell-AS and Kuo exhibited better performance than the schemes of Grell-FC and Emanuel in the simulation of monthly mean precipitation in various subdivisions; in the simulation of monthly rainfall, Grell-AS scheme well simulated the intensity and spatial distribution of rainfall, Kuo scheme underestimated the rainstorm, Grell-FC scheme obviously overestimated the rainfall over east and south China, and the simulated monthly rainfalls of MIT-Emanuel scheme were heavier than the observations; in the major periods of rainfall, the scheme of Grell-AS well simulated the three heavy rainfalls over the Yangtze-Huaihe valley; the analysis of low level wind and water vapor indicated that the stronger simulation of low level jet caused the overestimated rainfall in MIT-Emanuel scheme. The ensemble was created by choosing four kinds of cumulus convection parameterization schemes, the results indicated that the physical process ensemble method could effectively reduce the simulated errors from the physical process parameterization uncertainty.

Key words: regional climate model, precipitation, East Asia monsoon, convection parameterization scheme
Rainfall and Atmospheric Conditions around Kyushu, the Western Part of the Japan Islands, in the Warm Sector of the Baiu Front (Analyses for the Baiu in 1997 - 2005)

*Kuranoshin Kato
(Faculty of Education, Okayama University, Japan)

Yasuhiro Goda

(Graduate School of Education, Okayama University, Japan)

Abstract

It is wellknown that the activity of the Meiyu/Changma/Baiu front with frequent heavy rainfalls is sustained by the huge moisture transport from the subtropical region through its large convergence and the generation of deep convective instability.  Then, the heavy rainfall events could be also caused frequently, even in the warm sector of the frontal zone where the huge moisture flux is passing toward the front.  Such situation seems to occur sometimes especially in the northwestern part of Kyushu, the western part of the Japan Islands.  Thus the present study examined the rainfall features in Kyushu and the atmospheric conditions in such situations during the Baiu season of 1997 - 2005, based on the routine observation data at various stations by JMA, NCEP/NCAR reanalysis data, and so on.

According to the statistical analysis for 16 June - 31 July in these years, the averaged precipitation for Kyushu attained more than 20% of the total Baiu precipitation when the Baiu front is stagnated to the north of Kyushu, although it was the largest when the surface Baiu front on weather maps was located in Kyushu.  Furthermore, the precipitation in such situation was characterized by the typical heavy rainfall events with organized meso-scale systems in association with the Baiu frontal activity.

Composite analyses of the atmospheric fields were performed for the above situations (referred to as "PR-Kyushu", hereafter), by comparing with the cases with nearly non-precipitation in Kyushu ("Non-PR") when it was situated to the south of the Baiu front.  Specific humidity to the south of the surface Baiu front was especially large in "PR-Kyushu" and the high specific humidity area extended widely in correspondence with the strong low-level SW-ly or SSW-ly area.  It is also noted that the anticyclonic curvature was very small there (i.e., rather straight stream line), although the clear anticyclonic circulation was found around Kyushu in "Non-PR" even when the relatively strong S-ly wind was dominated around Kyushu.  Under such situations, the huge moisture flux was passed through Kyushu and the strong potentially unstable stratification for moist deep convection was sustained there with the low LFC (level of free convection) in "PR-Kyushu".  

Key words: Rainfall in the warm sector of the Baiu front, low-level wind to the south of the Baiu front
The Observation System Simulation Experiment of Singular-vector-based Adaptive Observation for Low on the Meiyu Front
ZHONG Ke 

P.O Box 2433, Beijing, PRC, 100081

Abstract
With the aim to pre-analysis the implement of singular-vector-based adaptive observation, disclose its principles, fix some questions worthy of special attention, and  find proper  method to decide the adaptive area with singular vectors, the observation system simulation experiment(OSSE) of singular-vectors-based adaptive observation for low on the Meiyu front is represented in this paper.

Four principles are gotten in this paper. Firstly, only mending those error concerned with singular vectors, while neglecting other error; secondly, mending relatively strong singular vectors concerned error could improve forecast more effectively; thirdly, the error in entire vertical atmosphere volume should be taken into account, instead of  only those error in area fitting the criterion; finally, the first baroclinic  mending method is preferred to others. 

Two methods are used to decide the adaptive area. The decided adaptive area is similar to the singular vector concerned error area in terms of position, area, and shape; meanwhile, the error in these adaptive region influences forecast in the same manner as the true singular vectors concerned error does.
Anomalous Characteristics of the Stratospheric Circulation in ENSO Winter 
Li Lin1, Li Chongyin1, 2 and Tan Yanke1
(1 Institute of Meteorology, PLA Univer.of Sci. and Tech., Nanjing 211101)

(2 LASG, Institute of Atmospheric Physics, CAS, Beijing 100029)

Abstract
The composite analyses on stratospheric circulation in ENSO Winter are completed by using MFECW reanalysis data and SST data from Hadley center. Based on the analyses of temperature, geopotential height and wind field in the warm and cold phase for ENSO, anomalous characteristics of the stratospheric circulation are investigated. It is shown that the anomalies of temperature, height and wind fields over the equatorial Pacific in El Niño winter all change from positive in the troposphere to negative in the stratosphere; but they are reverse in La Niña winter, from positive in the troposphere to negative in the stratosphere. The vertical sections of zonal mean temperature and geopotential height show that there are positive anomalies at high latitudes in the stratosphere in El Niño winter, but negative anomalies in La Niña winter. In tropical stratosphere, zonal wind from 50 hPa to 15 hPa is negative anomaly and positive anomaly from 15 hPa to 1hpa in El Niño winter; it is reverse in La Niña winter. A dipole-like pattern is disclosed for anomalous geopotential height and wind fields above 100 hPa in El Niño and La Niña winter, positive anomaly locates over the pole area in El Niño winter but negative anomaly in La Niña winter.
Seasonal Prediction of China Regional Climate from Preceding Large-scale Climate Indices

Yeon-Hee Kim  Maeng-Ki Kim  Woo-Seop Lee

(Kongju National University, Korea)

Abstract
In this study a seasonal forecast at a lead time of two months was applied to three regions in China on a monthly basis based on multivariate linear regression with an adaptive choice of climate indices as predictors and leave-one-out cross validation was applied to obtain forecasting skill at the 1% significance level. The monthly ACC (anomaly correlation coefficient) skill was 0.43-0.58 in Central China, 0.24-0.65 in East China, and 0.28-0.60 in South China. Associated COD (coefficient of determination) was 20-34% in Central China, 6-43% in East China and 8-37% in South China. 
The first coupled SLP (Sea Level Pressure) pattern related to Central China precipitation is very similar to the correlation pattern between the preceding climate index and SLP at the target month, indicating that preceding climate indices can be dynamically linked to Central China precipitation. For example, the MEI (Multivariate ENSO Index) at a lead time of ten months prior to November is closely related to the circulation pattern with strong positive correlation spanning from Tibetan Plateau to Central China and negative correlation spanning from the Siberian region to Northeastern Pacific Ocean Sea, implying that the positive MEI condition makes the SLP condition that can dynamically induce a cold dry climate over Central China.
Key words: Statistical model Climate indices China precipitation Correlation pattern
The Preliminary Study of the Basic Structure of Praecipitatio Stratus and Precipitation Potential in Spring in Jilin Province
Liu Jian  Jiang Tong  Mi Changshu Chen Zhixin
 (Jinlin weather modification office, Changchun city, 130062)
Abstract
In 2001-2002, using American Particle Measure Systems (PMS) to make a scientific research during man-made rain enhancement operation in precipitatio stratus in May-July in Jilin province, some data were obtained, after making a calculation to these data, the following conclusions were drawn: 1. the macro structure of precipitatio stratus in spring inJilin province is classified into three types : Ns, Asop-scop and Astra. Different cloud types have different super-cooled water content and cloud droplet amount density, the super-cooled water content and cloud droplet amount density in the cloud of Ns type are the largest, they are respectively 0.2737g/m3, 205.3/liter, the second is in the cloud layer of Asop-scop, 0.1693g/m3, 117.5/liter, the smallest is in the cloud layer of Astra, 0.1054g/m3 ,98.6/liter. 2.The super-cooled water content in the cloud has a negative correlation with the height of cloud base, and has a positive correlation with the thickness of super-cooled layer. 3. The super-cooled water content and cloud droplet amount density have a basically coincidence with the distribution of the distance to 0℃ layer height in these three types of clouds: super-cooled water content and the cloud droplet amount density are the largest in the range of 400-600 meters above 0℃ layer height, then super-cooled water content and the cloud droplet amount density reduce rapidly along with the increase of 0℃ layer height. 4. The seeding operation rate of praecipitatio stratus in spring in Jilin province is 86%, the rainfall enhancement potential of these three types of clouds are different,  Ns is the largest, up to 41.3%, the second is Asop-Scop, about 28.4%，the smallest is Astra,  26.6%。

Key word: super–cooled water content   disposition of cloud layer weather modification potential
Analysis Application of Satellite Nephogram and CINRADAR Products In the Precipitation Enhancement Processes

NIU SHU-Zhen1   XI SHI-Ping1   BAO XIANG-Dong2 

（1 Henan Meteorological Observatory ,Henan Zhengzhou 450003;

2 Henan Weather Modification Directing Center, Henan Zhengzhou 450003)

Abstract
By using cloud cluster evolvement and TBB of FY-2C satellite nephogram and base reflectivity, Doppler velocity and vertical integrated liquid of Zhengzhou CINRADAR products combined with hour-by-hour precipitation rainfall of Henan auto station we analyze the precipitation enhancement task process that had used high cannon, rocket and plane in Henan. We not only researched the short-time condition forecast and optimal task opportunity and position of the precipitation enhancement task but also discussed precipitation enhancement effect embodiment in the radar products’ characters. These can provide scientific gist for better used FY-2C satellite nephogram and CINRADAR products to direct precipitation enhancement task to make use of high cannon, rocket and plane in Henan.

Key word: TBB; base reflectivity; vertical integrated liquid; precipitation enhancement effect
The Reason for Extreme High Temperature in Zhengzhou

He Zhe   Li Ping   Qiao Chungui   Wang Rui   Liang Yu    Gu Xiujie

（Henan Meteorological Observatory，Zhengzhou，450003）
Abstract
Zhengzhou is the capital city of Henan province. In this paper, the extreme high temperature weather that occurred in this city is analyzed.

First, According to the historical climatic data, the average temperature of Zhengzhou city in summer shows two summits in 1960s and 1990s respectively, that is, after the continuous low points in 1970s and 1980s, the temperature of Zhengzhou is currently ascending. In addition, the extremely high temperature(≥40℃) also shows some characters. It had occurred in 1966 for 6 days, however, it never occurred during the period from 1987 to 2001. Now it occurred again in 2002 and 2005.

Second, the extremely high temperature(≥40℃) that occurs in Zhengzhou on 22~23,Jun 2005 is analyzed by utilizing the 1°×1°grided data of NCEP/NCAR. The results show that, Hetao high is the important synoptic system that causes the extreme hot weather in Zhengzhou and even the western part of Huanghe and Huaihe region. The generation of Hetao high is concerned with the warm advection at different levels, especially the warm surface low pressure. Hetao high is a warm negative vorticity system in middle and lower levels with a flat positive vorticity area just above the surface. So there is a vertical thermodynamic circulation between Hetao high and the surface low. The heating effect of both descending flow and warm advection is in favor of the hot weather. It also must be noted that, the coupling of Hetao high and the upper level subtropical jet stream plays an important role for the generation of extremely high temperature. When the southeastern part of Hetao high lies in the left side of entrance region of the upper level subtropical jet stream, dynamic convergence makes the descending movement of air flow in this region more powerful. That is, The strong descending air flow in southeastern part of Hetao high is caused not only by both thermodynamic and dynamic factors. The consequential clear radiation heatening and adiabatic warming because of air sinking benefit the occurrence of extremely high temperature. 

In addition, the foehn effect generated by topography can be of a role of intensifying the seriousness of extreme high temperature.
Key words：Zhengzhou  extreme high temperature  Hetao high  subtropical jet stream
The Impact of Trans-Equatorial Monsoon Flow on the Formation of Repeated Torrential Rains over Java Island

Peiming Wu, Masayuki Hara, Hironori Fudeyasu, Manabu D. Yamanaka and Jun Matsumoto

(Institute of Observational Research for Global Change, JAMSTEC, Yokosuka, Japan)
Fadli Syamsudin, Reni Sulistyowati and Yusuf S. Djajadihardja

(Agency for the Assessment and Application of Technology (BPPT), Indonesia)

Abstract

Torrential rains that repeatedly occurred over Java Island causing widespread floods in late January and early February 2007 coincided with a strong and persistent trans-equatorial monsoon flow from the Northern Hemisphere. The precipitation/convection over the island exhibits a pronounced diurnal cycle. While convections develop frequently over the island's mountainous areas in the afternoon, convections over the northern plains are active during the night and morning hours. The strong trans-equatorial monsoon flow with an upper southeasterly wind produces a strong low-level vertical shear of wind and dry mid-level environment over the island. These conditions allow the severe convections to occur repeatedly for days and to sustain for an extended period of time. The results suggest that the trans-equatorial monsoon flow interacts with thermally and convectively induced diurnal changes in the boundary-layer wind over the island, enhancing the convections over the mountains in the afternoon, and over the plains in the night and morning. The trans-equatorial monsoon flow plays a principal role in the formation of the repeated torrential rains over Java Island. The probability of occurrence of a strong and persistent trans-equatorial monsoon flow that causes torrential rains and widespread floods over Java Island is estimated to be once every 5-10 years.
Key words: Torrential rains, Java Island, Trans-equatorial monsoon
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Diagnostic Analysis Forecasting System of the Severe Convective Weather of Henan Province
Zhao Peijuan, Wu Zhen, Zheng Shilin, Fan Xuefeng, Li Chaoxing
(Meteorological Observation of Henan Province， Zhengzhou  450003)

Abstract
Severe convection is always a difficult problem in the weather forecast. For increasing the forecasting ability of severe convective weather especially local area severe convective weather and offering a scientifical and objective reference the article had built forecasting system of local area severe convective weather of Henan by using more than 40 dynamical and thermal parameters to diagnosis analysis based on analysis models data in latest ten years of meteorological observation station in Henan. Through diagnostic analysis we chose better parameters of forecasting ability and index meaning as predictors. Based on the statistic analyzing we got forecast threshold value and weighting coefficient of different parameters. We built forecasting equation by using weighted integrating. We applied computer technology to realize auto-collecting data, calculating physical parameters, distinguishing threshold value of predictor and operating diagnostic forecasting equation to output forecast conclusion by means of MICAPS figure at last. This system has gotten perfect predicting effect in the operational running in latest two years and lifted forecasting ability of sever convective weather in Henan.  

Key words: sever convection; dynamical parameters; thermal parameters; diagnostic analysis; forecasting system
Statistic Characteristics and Weather Significance of Infrared TBB during May-August for Beijing and its Vicinity
Zheng Yongguang1, Chen Jiong1, Chen Minxuan2, Wang Yingchun2, Ding Qinglan3
1 National Meteorological Center, Beijing 100081, China

2 Institute of Urban Meteorology, CMA , Beijing 100089, China

3 Beijing Meterological Office, Beijing 100089, China

Correspondence should be addressed to Chen Jiong (email: cjiong@cma.gov.cn)
Abstract

In order to meet the demand of nowcasting of convective storms in Beijing, the climatological characteristics of convective storms in Beijing ant its vicinity were analyzed based on the infrared (IR) temperature of black body (TBB) data during May-August of 1997-2004. The climatological probabilities, the diurnal cycle and the spatial distribution of convective storms are given respectively in the paper. The results show that the climatological characteristics of convective storms denoted by TBB ≤ -52℃ are consistent with those statistic studies based on the surface and lightning observations. Furthermore, the climatological characteristics of May and June are very different from those of July and August, and it shows that there are two types of convective storm in this region. One type of convective storm occurs in the transient polar air mass on the midlatitude continent during the late spring and early summer. This type of convection arises with thunder, strong wind gust and hail over the mountainous area in the northern part of this region from afternoon to nightfall. Another type of convective storm occurs with heavy rainfall in the warm and moist air mass over the North China Plain and vicinity of Bohai Sea. This study also shows that the long-term data of IR TBB observed by geostationary satellite can complement the temporal and spatial limitation of the weather radar and surface observations. 

Key words: Sever convection, TBB of IR, statistics
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Fig. 1  (a) 116.5oE Time-latitude cross section of frequency of deep convective storms for the period of May-August; (b) Diurnal variation of total cloud-ground lightning

In a, x-axis is time of UTC and y-axis latitude, and in b, x-axis is time of BST and y-axis is the count of cloud-ground lighting during June-September of 1995-1997

Projected Surface Water Resource of the Yangtze River Basin Before 2050

LIU Bo1,2,4, JIANG Tong1,2, REN Guoyu2, Klaus Fraedrich3
Nanjing Institute of Geography and Limnology, Chinese Academy of Sciences, Nanjing 210008
Laboratory for Climate Studies, China Meteorological Administration, Beijing,100081
Meteorological Institute, Hamburg University, Hamburg, Germany
Graduate School of the Chinese Academy of Sciences, Beijing 100039
Abstract
Based on projected runoff depth of ECHAM5/MPI-OM climate model on the Yangtze River Basin for different GHG emission scenarios (SRES-A2, A1B, B1) in 2001-2050, it is analyzed the temporal and spatial pattern of future surface water resource in Yangtze River Basin under different climate change situations. Results show that annual average surface water resource of Yangtze River for three scenarios remains similar, while inter-annual fluctuations are complicated with different trend: surface water resource decline gradually in fluctuation for A2 scenario, A1B scenario shows no obvious trend, and increasing trend is most significant for B1 scenario. Decadal variation of surface water resource is notable: surface water resource shows some decline trend for all scenarios in 2001-2030, while in 2030s, especially summer and winter of those years, it increase. Spatial pattern of projected future water resource in Yangtze River remains the current level, with different pattern of trend analysis result, showing an evident spatial uneven characteristic of surface water resource.  

Key word: Before 2050, Climate Change, Surface Water Resource, GHG Emission Scenario, Yangtze River

Distributed Modeling of Direct Solar Radiation Over Rugged Terrains of Zhejiang Province

LI Mengjie1, Jiao Shengming2, ZENG Yan 2
(1. School of Remote Sensing, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. Jiangsu Institute of Meteorological Sciences, Nanjing 210008, China)

Abstract
Based on a distributed model, with DEM data of 1:250,000 scale and routine meteorological data as input, normals of monthly and annual direct solar radiation (DSR) quantity with the resolution of 100m×100m over rugged terrains of Zhejiang province were simulated and their spatial distribution characteristics were analyzed. Surface and atmospheric factors are all considered in the used model. The results suggest that DSR in Zhejiang province reaches the highest quantity in July and August and the lowest in January and February; the normals of annual DSR quantity is 2083 MJ m-2; the influences of local topographic factors on DSR are changing with seasons and are more obvious in cold seasons that have a lower solar elevation angle.
Key words: Zhejiang province, Direct solar radiation, DEM, Fine simulation, Distributed modeling
Simulation of the Meso-( Cyclone Accompanied with Storm Surge on 31 March 2007 in the Western Coast of Korea: Model Comparison between MM5, WRF and COAMPS

Kyung-Ja Ha , Jeong-Wook Lee, Ki-Young Heo

(Division of Earth Environmental System, Pusan National University, Busan, Republic of Korea)

Kwang-Soon and Park Ki-Cheon Jun
(Coastal Engineering Research Division, Korea Ocean Research & Development Institute, Republic of Korea)
Abstract

The highly qualified information for the sea level pressure and sea surface wind stress is required to predict the storm surge in the Korean Peninsula. The storm surge on 31 March 2007 at Yeong-Gwang was very unusual in the presence over the western coast and in the cause of the usual mesoscale cyclone development. The wave height above 2m was unpredictable in the numerical weather prediction model. 

In the present study, we attempt to produce the reliable surface wind, and sea level pressure using the data assimilation technique of SST and assimilation cycle in the different models such as MM5, WRF, and COAMPS. The nested domains over the center of 35.0N and 129.0E are covered with 115*124 grids in the 27km mesh and 175*238 grids in the 9km mesh systems, respectively. We used the physics selected as the optimal parameterizations for the high wind condition. In addition, the Charnock’s relations and the coupling of the wave effect and roughness will be included. 

The model simulations in the field of sea level pressure show that the time and the magnitude for the maximum dropped surface pressure are characterized in the each model. In relation to the sea surface wind simulation, the arrival time and the positions for the maximum wind are compared and discussed. Finally we try to investigate the cause of the cyclone development and the predictability of the storm surge with the use of MM5, WRF and COAMPS.

Key words: Storm surge, Atmospheric state, MM5, WRF, COAMPS
Climatology of Stability Indexes Derived from Rawinsonde Data over South Korea
Myoung-Seok Suh1, Hyo-Sik Eom1, Seung-Jin Choi1, Hee-Sang Lee2, Jong-Chul Ha2
1Dept. Atmospheric Science, Kongju National University, South Korea, 

2Forecast Research Laboratory National Institute of Meteorological Research/KMA, South Korea

Abstract
Localized climatology of various stability indexes are necessary for the detection and forecasting of severe weathers because the environmental structures favor for the development of severe weathers vary region to region and month to month. In this study, seasonal and diurnal variations of widely used stability indexes (CAPE, CIN, SSI, KI, LI, TTI, SWEAT and other parameters) over South Korea are examined by using 10 years (1997-2006) of routine rawinsonde data observed at Osan and Gwangju. Most of stability indexes showed distinct seasonal variations, start to increase rapidly from June and reach the maximum during July and August, after that, to decrease rapidly from September. However, variation patterns of stability indexes are different from index by index. CAPE, SWEAT and BRN showed the most significant seasonal variations with maximum at July and August, before and after the months, the stability index values were sharply decreased. And SSI, LI, KI and TTI showed relatively smooth seasonal variations. The CIN showed a quite different seasonal variation, with maximum during spring and minimum during July and August. And most of stability indexes showed consistent diurnal variations with minimum stability at night (21 KST) and maximum stability at morning (09 KST), especially during the summer. The largest diurnal variation occurs in CAPE and BRN during summer. As a result, the summer in South Korea is characterized by the minimum CIN and stability, maximum CAPE and TPW, lowest LCL and highest EL, whereas the winter is characterized by opposite sense. The differences of stability indexes between Osan and Gwangju are not significant in the seasonal and diurnal variations.
Key words: Stability Index, Seasonal and Diurnal variations, CAPE, SSI, LI
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Conceptual Model for Fine Forecast of Main Disaster Weather Events in Ningxia

HU Wen-dong1,2，CHEN Xiao-guang1，DING Jian-jun1,2，LU Xiao-jing2，

MU Jian-hua2，CHEN Xiao-juan2
(1Key laboratory of Preventing and Reducing Meteorological Disaster of Ningxia, 2Ningxia Meteorological observatory, Yinchuan, China, 750002)

Abstract
infrared data of meteorological satellite, high temporal and spatial resolution derived data of local numerical model forecast output products in Ningxia were studied for the main disaster weather events to establish the fine forecast system. 3215 cases of hourly data were analyzed with the principles of satellite meteorology and meso-scale meteorology, the meteorological features on 20km, 1h were discussed and the indices to forecast in detail were extracted. The conception models to forecast severe convection, sandstorm were setup and the routine practice in recent years indicated that the conceptual models met the operational forecast need well.

Key words: Ningxia, disaster weather events, fine forecast, conceptual model.
The Analysis of Environment Condition of Hail in Shijiazhuang Using Doppler Radar Products

Zhao Ruijin1    Yangdebao2      Dong Baohua3       Li Yan3
(1 Hebei Meteorological Observatory, Shijiazhuang 050021;2 College of Atmospheric Sciences, Lanzhou University, Lanzhou 730020;3 Xinle Meteorological Office, Hebei Province, Xinle 050700)
Abstract

The data of Doppler radar has not only enough continuity but also provide the information of reflectivity, height and wind field, etc. So it is possible for us to accurately analyze and forecast the occurrence, development and evolvement of severe convection weather such as hail. With the VWP products, wind direction and wind velocity of VAD products supplied by CINRAD/SA Doppler Radar in Shijiazhuang, and drawing the profile through calculating divergence and vertical velocity by EVAD method .The environment condition that about 1 hour around the time when the 4 times hail that happened in the area in 35 km around Shijiazhuang Doppler Radar station from 2004 to 2005,were analyzed in this article. The result show as the follows:
When the hail occurring, most of the shear of wind direction under 3km is between the northwest or west wind and the east, northeast, or southwest wind on the bottom. At the height of 3-6km in the middle level of the echo, most of the wind direction is west, north. There is strong change in the vertical profile of wing speed. In the vertical change process of hail wind speed, the speed of wind increase obviously at the middle layer height of 3-6km, and arrive to the biggest speed at the height of 6-9km.

Before the hail happened, there is strong vertical wind shear of speed between the high and low layer, and the wind direction turn clockwise along with the height increase. The downward perturbation of the high level jet is correlative with the occurring and development of hail. 

It is obviously to change from convergence at low layer and divergence at high layer to convergence at high layer and divergence at low layer in the hail process. In the relevant vertical speed chart, it changes from strong up-movement to down-movement at the height of 3-6km.

The new generation radar of shijiazhuang began to operate at January 2004. The scan modes of radar are all VCP21in the 4 times hail process, and this kind of scan mode is 9 elevations in 6 minutes. Because of the width of wave-beam, interpolation algorithms should be used at the height where there is no data between neighbor elevations beyond 4.3º. When the change of speed is too great, the speed above 3km at 30km may be not complete true. According to the observation ordain of new generation radar issuing by Chinese metrological administrator bureau, the radar should operate at VCP11 mode that can scan 14 elevations in 5 minutes with smaller space between two elevations when there is echo in 100km. The observation data at VCP11 is more proper to observe hail. This is what we should do better.

(5) In actual forecast, using the real-time wind filed calculated by Doppler radar data such as wind direction, wind speed, the convergence and divergence can make up for the short of sounding data. Combining the synoptic chart with the data by Doppler radar is helpful for forecasting the occurrence, development, and disappear of sever convection weather such as hail. 

Key words: Hail；Environment condition；Doppler weather radar
Physical and Chemical properties of AgI Artifical Ice Nuclei

Su Zhengjun(1)(2), Zheng G.G.(2), Guan L.Y.(2)

(1)Nanjing University of Information Science & Technology, Nanjing, 210044, P.R. China, 

(2)Chinese Academy of Meteorological Science, Beijing, 100081, P.R. China

e-mail: suzj@cams.cma.gov.cn

Abstract
Since the discovery of silver iodide (AgI) as a cloud seeding agent, its physical and chemical properties have been widely studied. However, the knowledge of AgI aerosol is still inconclusive and controversial. The properties of AgI particles depend not only on the generating methods, but also on the generating environments and sampling procedures. To accurately determine the properties of AgI aerosol, one must produce and collect the particles under actual or simulated seeding conditions. For these experiments, we chose the CAMS cloud chamber, Beijing (Institute of Weather Modification). 

As the artifical IN and CCN, the properties of AgI aerosol depend on many factors(e.g. the pyrotechnic mix, combustion temperature, the generating and dilution methods and environments, the sampling procedures, etc.). 

An electrical aerosol sampler EAS1 was made for sampling the AgI aerosol. For the chemical and the morphological as well as for checks of EAS1 size distributions a transmission electron microscope (TEM) and a scanning electron microscope (SEM) interfaced with an x-ray energy spectrometer (XES) were used in our investigations. The AgI aerosol was sampled from the combustion chamber on coated microscope grids by means of an electrical aerosol sampler. We characterize the AgI aerosol at every step in the measuring procedure and compare their IN effectiveness obtained under similar conditions in the same cloud chamber, 1 m3 isothermal chamber.
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The Analysis of Short-time Forecast Technology of Operation Precipitation Enhancement with Aircraft in Spring and Autumn in Henan

Zhang Yiping1   Niu Shuzhen1  Wang Guoan2  Qiao Chungui1

(1 Henan Meteorological Observatory, Zhengzhou, 450003；

2 Henan Climate Center)

Abstract
Using the material from March to May and September to November in 2002-2006, the weather conditions in 133 days which rainfall one day between 5mm and 17mm were analyzed. Among the 133 days, Zhengzhou 714CD Doppler radar data of 69 days was analyzed in detail. The radar echo characters in spring and autumn in Henan were summarized. And the cloud height, 0 ℃ layer height and thickness were counted. According to the radar echo characters and the evolution rule, we sought the best operation area of precipitation enhancement and judged the best operation opportunity and the airplane optimum flight height, especially we analyzed the velocity field data and found four types which are the warm advection, the warm advection and convergence, the upper cold advection and low-level warm advection, the north·east wind near ground. The four types velocity characters are favor of operation of precipitation enhancement with aircraft.

Key word: Radar echo   Operation of Precipitation Enhancement with aircraft   Short-time Forecast
Analysis on the Classifaction of TBB Images of FY-2C Satellite during the Heavy Rain Process in Jilin Province,China

Hu Zhongming,Zhang Zhiyong,Wang Xiaoming

(Jilin Provincal Meteorological Office,Changchun,130062)

Abstract

Using regular meteorological survey data and TBB (Temperature of black body )images of FY-2C satellite during eighteen regional heavy rain processes in Jilin Province,China,  classifictions  are made according to the shape and feature of TBB images combined with upper air and surface influence systems. The results showed that it can be divided into three types according to the upper air synoptic situation , they are upper low vortex ,upper–level trough and  wind shear in the rear part of sub-tropical high ,and that it can also be divided into three types according to the surface synoptic situation ,they are cyclones in the northern China, cyclones in the southern China, and cold–front or surface convergence line .Each type are given respective descriptions in order to find the common feature and difference of TBB images of FY-2Csatellite during the occurrence, development and dissipating period of the heavy rains.

It is found that the features of TBB images are different mainly in shape and intensity of cloud. In general, the synoptic systems from the south are stronger than those from the north. The TBB in the rear part of sub-tropical high is the lowest and reaches to –75 degree. Correspondingly the TBB of upper-level trough is more high and reaches to only –50 degree in the example. But there are meso-scale cloud clusters in large-scale cloud clusters and cloud belt. On the TBB images, the precipatation cloud is below –30 degree, and the meso-scale convection cloud cluster is below –50 degree. When TBB is below –70 degree, the possibility of heavy rain storm is higher. These researches can provide referance to the heavy rain forecast in the future.

Key words: regional heavy rain, FY-2C satellite ,TBB image
Analysis on Characteristics of Lightning Activity in Severe Mesoscale Convective Systems in Zhejiang Province

Pei lisi

Meteorological Observatory of Zhejiang Province,Hangzhou 310017,China

The characteristics and evolution of cloud-to-ground(CG) lightning in 13 severe mesoscale convective systems(MCS) in zhejiang province are analyzed by using the data from lightning detection system,doppler radar and satellite. The result shows that the CG flashes mainly occur in the region with the temperature less than -50℃ and high temperature gradient in the front of MCS. Minus CG flashes cluster in the strong convective region,especially the bottom of the heavy rainfall cloud. The explosion of the CG flash’s quantity and frequency could correspond to a severe weather, which occurs about 5-45 minutes ahead. Researching of the echo evolution shows that the 10dbz echo occur in the 0 temperature layer may be the first signal of the newly upgrowing thunderstorm, which is about 5-45 mins ahead of the first CG flash. The comparison of vertical wind velocity and VIL data shows that lightning highly depends on the velocity of updraft.
Key words: Lightning  doppler radar  MCS  CG
Analysis of Radar Echoes Character of Different Structure Type In a Severe Thunderstorm

NIU SHU-Zhen 1   QIAO CHUN-Gui1   KANG WEN-Ying2      

(1 Henan Meteorological Observatory, Henan Zhengzhou 450003;

2 Henan Meteorological Society, Henan Zhengzhou 450003)

Abstract
By using CINRADAR Products of Puyang and Sanmenxia combined with data of satellite, sound sky and precipitation rainfall of country and town we analyze the structure type of   multi-cell, super-cell and squall line of severe thunderstorm process that took place in the north, west and middle of Henan in June 25,2006. We find: (1) On the picture of base reflectivity and composite reflectivity all the echoes showed that meso-β convective echoes band that was squall line made up of many severe convection echoes cells in the different developing period. (2) During the severe thunderstorm develop vigorously there is thunderstorm outflow border that is “dry line” made up of gale. （3）In the low level strong north-west air flow that was inflow behind  made mesoscale convective echoes band develop band echoes like bow shape and produced divergence character’s gale that also named downburst at the same time in the surface. (4) On the velocity field there was an velocity line of arc line short band leaning the thunderstorm outflow border internal wall in front of the sever convective storm. (5) The structure character, base reflectivity, echo top and vertical integrated liquid of different type of severe thunderstorm had distinctions. (6) There always had mesocyclone during the severe thunderstorm develop vigorously. Mesocyclone occurred in front of severe convection cell or foregoing inflow trough scoop. These CINRADAR products characters of severe convective storm are important reference basements in our practical operational forecast and alarm.

Key words: severe convective thunderstorm; band echoes like bow shape; velocity line of arc line short band; thunderstorm outflow border; inflow trough scoop.
Mesoscale Structure and Evolution of the Low-Level Jet and its Relationship with the Heavy Rainfall During a Torriential Rain process

JinWei1     Qu Yan1  YAO Xiu Ping2、3、4 Huangshuwen1
(1.Liaoning Provincial Meteorological Bureau in Yingkou city, Yingkou 115001, China； 2.Chengdu Institute of Plateau Meteorology, China Meteorological Administration, Chendu 610071, China ; 3. LASG , Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China; 4. China Meteorological Administration Training Center, Beijing 100081, China) 

Abstract
Using the data of the wind profile offered every six minutes by the new generation of weather radar of Yingkou，the detailed analyse has been made for the low-level wind field structure during the heavy rain periods of torrential rains on 29 June 2006 in the west of Liaoning Province. The conclusion is：The incidence of the heavy rain is relative to the rapid strengthening of low-level jet and its downward expansion. The Southwest low-level jet before the short-term torrential rain started to move downward rapidly in advance of two hours. The low pulse and its degree of expansion towards the ground have a closely relation with the strong short-term rainfall. The low-level jet will not certainly immediately cause a strong rainfall when it arrives at the station，sometimes this process will be pushed after one or two hours. The emergence of the strong rainfall or the strong weather has definite momentum transmission，this strengthens the low-level disturbance，meanwhile the strength of the low-level jet. The extended height and the mass of the energy of the momentum transmission restrict directly the strength of the strong rainfall. The low-level jet index (I) the degree of increace and the intensity of rainfall has a direct proportional relationship. It doesn’t only indicate that the pulse of low-level jet and the intensity of ground expansion have a closely relationship with the strong rainfall of meso-scale and microscale，but also it indicates the emergence of strong rainfall and the rainfall intensity size.

Key words: the heavy rain; wind profile; low-level; low-level jet
Doppler radar feature of the strong convection weather

Song Xiaohui1 
Chai Donghong2 Tian Xiuxia1 Wang Chuanbei1 Wang Liying1
1.Handan Weather Bureau, 056001; 2. Shijiazhuang Weather Bureau, 050081
Abstract

This paper selects five strong convection weather processes occurred in Handan area in the year of 2004 and 2005, using conventional observation materials and radar echo information to analyze from the weather situation, physical vector field and the evolution features of the radar echoes, especially from the back-wave changing feature of the new weather radar to seek for environment field before hail weather and the common feature of radar products to provide foundation for forecast, early warning and service to disaster weather. 

The results show:

1) The occurrence and the development of the five strong convection weather processes have bearing on the action of cold air and warm air. The low warm humid layer, the low warm stratosphere and the middle cold stratosphere lead to the unstableness of the atmosphere. The warm and humid airflow transport rich vapor and unstable energy to the storm area ; the aggression of cold air leads to the release of unstable energy and the occurrence of strong convection; the exchange of wind field between cold and warm airs in the low layer promotes the deep convection development. The line with middle scale convergent shear of the ground surface is the cause of the strong convection weather and the important occurring condition of the hail and storm in some areas.
2) The strong convection weather generally appears when the convection is unstable. In the early stage, that is the index SI is ≤1℃ and the index K is ≥25,the top layer is dry and cold but the low layer is humid and warm，the difference between the two layers is ≥26℃；the inverse atmosphere layer exists, whose thickness is ≤50hPa；the height of 0℃layer is at about 600hPa；the height of －20℃ layer is at about 400hPa；strong vertical wind shear is between 5～6km and 8～2km, the hail weather appears easily.

4) When weather forecast is made, Terrain’s influence should also be given focal concern. The development of new convection clouds in the upper area of Handan, such as Heshun  and Zuoquan in Shanxi Province indicates the occurrence of the strong convection weather in the afternoon.

5) Radar material has evident advantages than other materials in real- time monitor to short-time strong convection weather. When hail appears, the strength of the back-wave is generally ＞60dBz，the top height of the back-wave is ＞13km. The size of hail is in direct proportion with the strength of the back-wave, the back-wave, top height of the back-wave and the strong back-wave extent which is ＞60dBz; the cause of storm in some areas is that in the same area, single strong convection is stable and several single strong back-waves develop and influence one by one. The appearance of reflex rate factor over 45dBz higher than －20℃ isotherm can also forecast  the emergence of the strong convection weather 40 minutes ahead.
6) Positive and negative speed couple and “anti-wind district” presage the appearance of strong convection weather. “Anti-wind district” corresponds with the strong wind at observing station, Generally, Doppler radial speed from low elevation angle can be made as the reference forecasting the strongest gust at the same station. During the four strong convection weather processes with strong wind, the strongest gust speed is higher the radar radial speed; especially when convergent speed couple with low elevation angle corresponds with 幅散型 speed couple with high elevation angle, the single convection develops strongly to indicate the hail weather coming. The exchange of the speed field between strong and weak can bring the information of convection storm being stronger, so the station can close forecast the disaster weather.  

7) The value of OHP and VIL will increase fast during the development of the strong convection clouds, which reflects the fact that hail particles strike and grow in growing area and the hail clouds are forming. When OHP is ≥32mm、VIL is ＞45 kg·m-2，the hail is likely to appear; the value of VIL corresponds with the size of the hail; the extent of its high value corresponds with the rain volume while the value of OHP has no evident correspondence with the diameter of the hail, but corresponds with that of the rain volume. The big value area of OHP and VIL is the strongest area of hail clouds, which corresponds with the falling hail area.
On the other hand, the sharp decrease of VIL, which corresponds with strong wind at the observing station, can be made as the foundation of researching and recognizing storm.

8) The radar products, such as storm track information (STI), strong weather probability and hail index can all give instruction before the appearance of storm and hail weather at the observing station, which has important meaning in practical work

Key words: hail, environment field, radar products
Numerical and Dynamical Analyses of Circumfluence and Heat Source Forcing of the Subtropical High Activity

DONG Zhao-jun 
(Hydrometeorological Center of the General Staff; Beijing 100081 China;)

Abstract

The west Pacific subtropical high(WPSH) is a main system influencing the weather and climate of East Asia in summer, whose intensity variation and advance/retreat are closely related to the circumfluence and heat source forcing. In history, the flood and drought in East Asia greatly depend on the abnormality of WPSH, for example, the serious flood in the summer 1998.

There are many researchers about WPSH, the seasonal jump and catastrophe mechanism of WPSH was also studied and discussed from dynamic viewpoints, and some useful results were obtained. But the functional rule of WPSH is not made clear yet, especially, the medium-range advance/retreat and abnormal variation mechanism of WPSH is still waiting for being further revealed.

The West Pacific subtropical high is a relatively stable large-scale weather body in the middle/low latitude atmospheric circulation, we plan to study the WPSH system using numerical and dynamical analyses to discuss the change of the potential field by different circumfluence and heat source. The numerical calculation and the numerical simulation will be carried out in a model atmosphere. Through these researches, we can know the influence of the circumfluence to the WPSH.

A non-linear bartropic vorticity equation with forcing/dissipation terms is adopted: 
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Where 
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 is the stream function , 
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is the horizontal vorticity diffusion coefficient,
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 is a forcing term, which is vortex source(sink) produced by diabatic heating ,
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    The research region is defined as:
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The distribution of 
[image: image41.wmf]Q

 suggests: when 
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 can be used to indicate mutual forcing of the latitudinal and  longitudinal two-wave.
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Where 
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 is a constant. The structure of the wind can indicate that the WPSH locate in the area of middle latitude(300N);If 
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The circumfluence of  the 
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There expressions mentioned above are introduced into Equation(1),then the partial differential equation can be transformed into an ordinary differential system, by multiplying the factors of 
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 and making integration over the region D, then we can obtain the following ordinary differential equations: 
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and:
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Through make the numerical calculation and dynamical analysis of these weather models, we can get the following results: 

The factor of the solar radiation is the most important to the formation and maintaining of the Subtropical Anticyclone. This analysis further confirms our predecessor’s research result.

Easterly wind is not help to the maintaining of the Subtropical Anticyclone.

The Subtropical Anticyclone will maintain for consideration the effect of the western wind in the low latitude area, but the intensity of the Subtropical Anticyclone will weaken.

Key words: WPSH; heating forcing; circumfluence of atmosphere; potential field;
Rainfall estimation using Dual-Pol algorithms based on the results of new KDP processing
Mi-Young Kang1) , Dong-In Lee1) and Alexander Ryzhkov2)
Department of Environmental Atmospheric Sciences, Pukyong National University1)
(599-1 Daeyeon-3-dong, Namgu, Busan 608-737, Korea)
Cooperative Institute for Mesoscale Meteorological Studies, University of Oklahoma2)
(120 David L. Boren Blvd. Norman, Oklahoma 73072)

Abstract
Differential phase has many unique properties that set it apart from other polarimetric variables. Immunity to radar miscalibration, attenuation in precipitation, and partial beam blockage are one of them. The value of specific differential phase KDP is less sensitive to variations in drop size distribution at the higher end of the raindrop spectrum. However, there are some extreme noisiness of KDP for weak weather echoes, lack of adequate radial resolution. In addition, there is its vulnerability to the gradients of Z and total differential phase within the radar resolution volume in localized convective cells. 

The combination of radar reflectivity Z, differential reflectivity ZDR, and specific differential phase KDP were used according to a “synthetic” algorithm. Optimal performance of this synthetic algorithm was observed at close distance to the radar where melting layer contamination was negligible. Following the Ryzhkov (2005) suggestions, several events observed by KOUN have been examined implementing the new KDP processing guidelines. 
In this paper, we performed a new procedure for differential phase processing suggested by Ryzhkov(2005) and validated for several rain event for particular gage, with new synthetic algorithm for several rain events. 

* This work was supported by the Korea Foundation for International Cooperation of Science
& Technology(KICOS) through a grant provided by the Korean Ministry of Science & Technology(MOST) in 2006 (No. 03874)
* This work was supported by the second stage of Brain Korea 21.
Sand and Dust Storm
Duststorms and the Related Disasters 

ZENG Qing-Cun1, DONG Chao-Hua2, PENG Gong-Bing3, ZHAO Si-Xiong1, 

FANG Zong-Yi2, and JIAO Mei-Yan4

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, 100029, China

National Satellite Meteorological Center, China Meteorological Administration, Beijing,  100081, China

Institute of Geographic Sciences and Resource Research, Chinese Academy of Sciences, Beijing, 100101, China

National Meteorological Center, China Meteorological Administration, Beijing, 100081, China

Abstract
This is a report describing briefly the “Duststorm monitoring, Predicting and Warming system”. This system was developed by the scientists of China Meteorological Administration, Chinese Academy of Sciences and some universities and applied as a subroutine in the National Satellite Meteorological Center and the National Meteorological Center since 2002, and became an operational one in the daily routine service since 2004. The system consists of the following components: the satellite remote sensing and the ground based observational network, the short-range numerical dust-weather prediction, extra-annual and extraseasonal prediction of anomalies of spring atmospheric circulation and soil moisture, renewable GIS (Geographic Information System) and the information and evaluation of related disasters.

Key words: duststorm, monitoring, predicting, warning, disaster evaluation, climate prediction

A Simulation of a Hwangsa Event Observed in Korea on 8-9 April 2006 Using the ADAM Model Modified with the Use of NDVI Data
Soon-Ung Park 
(Center for Atmospheric and Environmental Modeling and

 National Meteorological Research Institute in Korea Meteorological Administration, Korea) 

Eun-Hee Lee 
(School of Earth and Environmental Sciences Seoul National University, Seoul Korea)
Abstract

Normalized Difference of Vegetation Index (NDVI) data obtained from Spot/Vegetation sensor have been employed to the Asian Dust Aerosol Model (ADAM) to simulate a severe dust event observed in Korea on 8-9 April 2006. The PM10 concentration observed at the monitoring sites located in central and northern parts of Korea was exceeded 1000 μg m-3 during the dust event. The WMO 3 hourly reporting data for 9 springs (March-May) from 1998 to 2006 have been used to delineate the Asian dust source regions and to determine the threshold wind speed in each type of soil in the source regions. The statistical analysis of NDVI data for the same period in the source regions yields to determine the upper limit value of NDVI for the dust rise and the dust reduction factor due to vegetations in each soil type. The threshold wind speed in the source regions is estimated to be 7.0 ms-1 in the gobi, 8.0 ms-1 in the sand, 6.5 ms-1 in the loess and 8.0 ms-1 in the mixed soil and the upper limit value of NDVI for the dust rise is 0.11, 0.16, 0.32 and 0.19, respectively. The modified ADAM model with the use of above results has been used to simulate the Asian dust event and compared with the results of the original ADAM model. It is found that the modified model can simulate more accurately observed PM10 concentration at monitoring sites scattered over South Korea, suggesting a great potential for the use of NDVI data for the improvement of the ADAM model that is the operational forecasting model of the Hwangsa event in Korea Meteorological Administration (KMA). 

Key words: Asian Dust Aerosol Model (ADAM), Hwangsa event, Normalized Difference Vegetation Index (NDVI), Threshold wind speed, Upper limit value of NDVI for dust rise
Physical Process of Wind Erosion and Its Relation to Ground Surface Conditions in East Asia.

M. Mikami(1), M. Ishizuka(2), J. Leys(3), Y. Yamada(4) and S. Heidenreich (3)
(1) Meteorological Research Institute, JMA, Japan, (2) Kagawa University, Japan, (3) NSW government, Australia, (5) RIKEN, Japan 

Abstract
As the first intensive observation on Japan Australia Dust Experiment (JADE), which was launched from April 2005 as a three years project, we conducted a filed experiment at a fallow-wheat-field in the Lower Murray Darling Catchments in Australia. The experiment aims to monitor the whole processes of wind erosion from anthropogenic source region. Observation was made for monitoring multi-size saltation process using sand particle counter (SPC), which monitors saltation particle ranging from 40 micron meters to 600 micron meters for every second.

Wind erosion events were monitored at the site almost everyday during IOP, from 23 Feb. to 13 March, 2006. The threshold friction velocity of saltation is estimated to be 0.35 m/s and no clear particle size dependency on threshold friction velocity can be found. The normalized size spectrums of multi-size saltation indicate that saltation flux, q, has clear size-height relation that is q=q(d, z).

We also discuss the dust storm frequency and its relation to ground surface conditions in East Asia using surface meteorological data (SYNOP data). Results show that snow cover and vegetation index (NDVI) are important factor to control dust emission in this region.

Numerical Experiments with a Spectral Dust Emission Scheme and Preliminary Validations
Yaping Shao
Institute of Geophysics and Meteorology

University of Cologne, Germany

yshao@uni-koeln.de
Abstract
For studies on atmospheric radiation transfer, it is important to know the size distribution of airborne dust particles. However, to predict the emission rates of dust particles in different size ranges is a very difficult problem. Most existing dust-emission schemes only estimate the total dust-emission rate and are unable to provide the information of dust particle-size distribution. The scheme proposed by the author (Shao, 2001, 2004) is formally a spectral dust-emission scheme, i.e., it is capable of predicting dust-emission rates for all particle-size ranges, but it has not been rigorously tested before in this context. In this talk, I shall first review the dust-emission schemes currently in use in dust-storm prediction models and discuss how particle-size information is generated in various schemes. I shall then use the particle-size data for various Australian soils to test the scheme by Shao (2001, 2004). The observations of airborne dust particle-size distribution obtained in the Taklamakan desert are used for a preliminary validation of the scheme. 
Wavelet-Based Analysis and Modeling of Wind-Sand Flux Characteristics

Jun Zhou, Li Xie and Xiaojing Zheng(
Key Laboratory of Mechanics on Western Disaster and Environment, Lanzhou University, Lanzhou, 730000, China
Abstract

Natural wind speeds close to the earth’s surface are not always constantly following the law of log function; in fact, both the magnitude and the direction of the wind change with the change of surface conditions as time goes on. In order to catch the main characteristics of a real wind field, we performed real-time observations of wind field and sand mass flux in MingQin, in Gansu Province of China, where desertification is very serious; the observation data presents strong intermittency. Further, these experiment data are analyzed based on the technique of wavelet decomposition and re-construction, based on which dynamic parameters of wind speed and sand mass flux, such as fractal dimensions and Lyapunov exponents, are obtained under different time scales. In order to predict the sand mass flux in intermittent wind fields, we simulate the sand mass flux as time going using numerical programs under different time scales, then compare the numerical results with experimental ones, and eventually present the key dynamic parameters that connect the two components of the wind-sand blown dynamic system. 

Research and Operational Monitoring of Dust Storm with Satellite Data in China

DONG Chaohua  YANG Zhongdong  ZHANG Peng
LU Naimeng  LUO Jingning

National Satellite Meteorological Center
China Meteorological Administration

Beijing 100081, P. R. China
Abstract

From spring to early summer, dust storms frequent occur in Northeast Asian and Northern China. It is very Serious some times. The real time monitoring and prediction of dust storms therefore are highly desirable as a meteorological service to the public. 
Typical features of Meteorological satellites are as follows:

Wide coverage: There are about ten millions square kilometer area covered by polar satellite, and 1/3 surface of earth covered by geostationary satellite.

High frequency: Real time monitoring, fast detection of dust storm information can be  from satellite data.

Good continuity: Dust storm images can be acquired  hourly and daily.
An operational dust storm monitoring system that uses meteorological satellite data was established in National Satellite Meteorological Center of China Meteorological Administration on March 1, 2001. It can continuously work day and night. 

By using this system, we can dynamically monitor dust storm, analyze dust storm sources and transport paths, calculate dust storm influencing area and aerosol strength. The quantity parameters can be calculated also.
Network Observations of Asian Dust Using Polarization Lidars

Nobuo Sugimoto1, Atsushi Shimizu1, Ichiro Matsui1, Jun Zhou2, Jixia Zhou3, Soon- Chang Yoon4, Choo-Hie Lee5, Dashdondog Batdorj6, Jugder Dulam6, and Itsushi Uno7
1 National Institute for Environmental Studies, Japan   2 Anhui Institute of Optics and   Fine Mechanics, Hehei, China , 3 Cold and Arid Regions Environ. and Engineering Research Institute, Lanzhou, China4 School of Earth and Environmental Sciences, Seoul National University, Korea.5 Kyung Hee University, Suwon, Korea6 Institute of Meteorology and Hydrology, Mongolia7 Kyushu University, Japan

Abstract
We perform network observations of Asian dust using automated two-wavelength (1064nm, 532nm) polarization (532nm) lidars. At present, we operate the lidars continuously at 15 locations including cooperative observation sites. The data from the network are used in various studies including validation/assimilation of dust transport models and the climatology of aerosols and clouds.
We developed a data analysis method using the lidar depolarization ratio to estimate the extinction coefficient of mineral dust separately from that of air-pollution aerosols. The derived dust extinction coefficient is a good parameter that can be used for direct comparison with the results of dust transport models. Aiming at real-time monitoring and validation/assimilation of dust transport models, we developed an automatic data processing system for the lidar network data. The dust extinction coefficient, attenuated backscattering coefficient at 1064nm and 532 nm, and the total depolarization ratio at 532nm are derived every hour for all network sites automatically. 

A data assimilation system using 4-dimensional variational (4DVAR) method was developed at Kyushu University and tested with the lidar network data. In this assimilation, the dust emission factor was used as the control parameter. The results show that the data assimilation using the lidar network data is very effective not only for improving the model results but also for accurately estimating the emission in the dust source region.

A Overview of Operational Dust Storm in China and Its Development
JIAO Mei-Yan*
National Meteorological Center，China Meteorological Administration, Beijing   100081

Abstract
Dust storm is a serious environmental problem in the arid and semi-arid regions of China and many other parts of the world. Desert areas occupy approximately 13 per cent of China’s mainland and are major sources of duststorms in Asia. These areas include the temperate arid regions from 75°E to 125°E and from 35°N to 50°N. Duststorms in China occur mainly in spring (most frequently in April) and winter, which is about one-third to a half of the year’s total. In spring, frozen surface soil becomes especially loose, creating a favourable condition for wind erosion. Dust events are driven by strong wind associated with a frontal system. Recently, the dusty weather has attracted wide attention. It reduces soil productivity, leads to land degradation, reduces visibility and strongly affects transportation. Blowing sand destroys young crops, and dust-related air pollution causes health hazards. Hence, the simulation and forecast of duststorms are important not only to long-term sustainable agriculture but are also significant for economic development. This paper present a overview of operational dust storm in China. It is including the operational predicting，warming and its development.

Key words: dust weather, operational prediction, dust warning

Developing a Discriminating Method of the Asian Dust from High PM10 Events Using Aerodynamic Particle Sizer (APS)

Young-Gon Lee
 and Myoung-Soo Kim
(Korea Global Atmosphere Watch Observatory, METRI/KMA, Taean-gun 357-961, South Korea)
Abstract

Log-normalized volume concentration of 52 size ranges from 0.5 to 20.0 μm (dV/dlogDp) was estimated from the Aerodynamic Particle Sizer (APS) measurements at the Korea Global Atmosphere Watch Center (KGAWC) for the cases of high PM10 mass concentration larger than 200 μg cm-3 during the one-year observation period from 6th April, 2006 to 5th April, 2007.  Auxiliary measurements such as gaseous pollutants of NOX, SO2, and Black Carbon (BC) concentration, and Ångstrom exponent are also considered in the comparison of the size distributions of the volume concentration for the high PM10 cases.

From the volume size distributions from 0.5 to 8.0 μm, the cases firstly divided into Asian and Non-Asian dust days are reclassified with four detailed event days (Asian dust, Asian dust + air pollutants, air pollutants, and sea fog), and the differences among the four categories are identified from the supplemental chemical and optical measurements.  For the Asian dust events, the volume size distributions is characterized with high volume concentration more than 100 μm3 cm-3 for most of supermicron particles larger than 1.0 μm and its maximum value at the particle size of 3.5 μm.  Appearance of the high volume concentration larger than 100 μm3 cm-3 from 0.5 to 1.0 μm and steep decrease of the concentration for the supermicron particles are identified as typical characteristics of the Non-Asian dust events such as air pollutants and sea fog.

Based on the characteristics obtained from the volume size distributions, we can make a guideline for distinguishing the Asian dust events from the high PM10 cases.  Furthermore, the volume concentration data measured from the APS is hope to reduce detecting and managing processes of the Asian dust when the PM10 mass concentration starts to increase over 200 μg cm-3 at a certain measurement station.  However, more case studies are needed to establish the determination method from mixed cases of the Asian dust and air pollutants or Asian dust and sea fog.

Key words: Asian dust, Aerodynamic Particle Sizer, Volume concentration
Behaviors of Dust Particles as Condensation Nuclei -Results of an ESEM Study-

Daizhuo ZHANG and Zongbo SHI
Prefectural University of Kumamoto, Kumamoto, 862-8502, Japan 
(Email: zdz@pu-kumamoto.ac.jp)
Abastract
The purpose of this study is to investigate the hygroscopicity of Asian dust particles mixed with sulfate, nitrate and sea salt. Particle collection was conducted at Kumamoto in southwestern Japan during five dust episodes in spring of 2006. Dust particles were trapped onto Pt and Ti grids using a single-stage cascade impactor. The hygroscopicity of the particles was characterized with Environmental Scanning Electron Microscopy (ESEM, FEI Company). The temperature of sample stage was set to 5oC. Relative humidity in the ESEM chamber was changed from 10% to 90% by increasing the pressure. The chemical compositions of individual particles were analyzed with Energy Dispersive X-ray Spectrometry (EDAX).

Sea salt, aged sea salt, relative “fresh” dust and dust mixed with sulfate, nitrate and sea salt have been identified in the present samples. ESEM analysis showed that sea salt particles deliquescence at about 70% relative humidity, while aged sea salts (mainly Na2SO4) deliquescence at about 80%. These are lower than deliquescence relative humidity of laboratory generated NaCl and Na2SO4 particles reported in published literatures, respectively. The probable reason is that impurities such as sulfate and nitrate are present in such particles. The sizes of the dust particles that are not mixed with sulfate, nitrate and sea salt, so called “fresh” dust, do not change from 10 to 90%. Similarly, no detectable changes in morphology of particles contained non-sea salt sulfate were observed when the humidity was changed from 10 to 90%. This suggests that they were not hygroscopic. A large proportion of dust particles contain both sodium and chlorine. Nearly all the dust and sea salt mixture particles, in which Na+Cl weight ratios are larger than 15%, deliquescence at about 70% humidity. They form droplets at about 75% humidity and continue to grow with the increasing of humidity. In some samples, Ca(NO3)2-bearing dust particles were identified based on their morphology and chemical composition. These particles are hygroscopic and absorb water even at the humidity as low as 15%. The current results indicate that interactions with sea salt are possibly more important in mediating the hygroscopicity of Asian dust particles than with sulfur compounds.
Influence of Dust Storm Events on Variational Characteristics of Concentrations of Particulate Matter with Different Sizes in Lanzhou
Shigong Wang，Xinyuan Feng and Kezheng Shang 
College of Atmospheric Sciences, Lanzhou University, Lanzhou, 730000, P. R. China
Abstract

Atmospheric particulate matter (PM) is the primary atmospheric pollutant in most cities in China. Lanzhou is one of the cities with the heaviest air particles pollution in China even in the world because of both influences by the transportation of PM from  dust storm events and the emission of pollutants from local factories and traffic and so on. So it is necessary for us to further understand how many reasons result in this situation and how to improve the environment of Lanzhou. Particularly, it is most important to investigate the influence of dust storm events on PM concentration with different sizes in Lanzhou area. Because the different size fractions of PM can cause different harm to environment and health, therefore, it is very significant to study on the variational characteristics of different size fractions of PM and their influence on urban air pollution. The mass concentrations of different size fractions of PM , including TSP, PM10, PM2.5 and PM1.0 were measured at high time resolution (5min) with an airborne particle monitor (LN5) in the whole year of 2005 in Lanzhou proper, the aim of this study is to show the temporal variational characteristics of different size fractions of PM and the relationships between concentrations of different size’s PM and meteorological conditions or dust events in upstream regions. The results are as follows:

(1)Seasonal characteristics of concentrations of different size’s PM are obvious. Among them, seasonal averages of TSP and PM10 concentrations are higher in winter and spring but lower in summer and autumn, the highest peak occurs in April and the second higher peak occurs in December and January. Seasonal averages of PM2.5 and PM1.0 are higher only in winter but lower in other seasons, this phenomena reflects that dust storm events in spring make greater contribution to coarse particle pollutants than to fine particles, while heating combustion emission sources in winter can make more contribution to fine particle pollutants.

(2) Average diurnal variations of monthly mean PM concentrations is characterized by two peaks. The diurnal changes of concentrations of TSP and PM10 are presented by the highest peak in forenoon and by a second higher peak at night. The lowest concentrations of them appear in the early morning during the cold half year( from November to next April) and in the afternoon during the warm half year (from May to October) respectively. The diurnal variations of concentrations of PM2.5 and PM1.0 are revealed by the highest peak during daybreak to afternoon and by the lowest concentrations in the early morning in winter and before dark during other seasons. In addition, the seasonal change of appearance time of the highest peaks is found in early summer and late winter. Seasonal variations of them are also associated with local sunrise time, formation and dissipation of inversion layer and human activities. The diurnal variation of PM concentration coincides with human activities to a certain extent.

(3)Meteorological conditions have impact on diffusion, dilution, accumulation and transportation of air pollutants. There are remarkable differences on concentrations of different size’s particles due to the influences of meteorological conditions. The correlations between meteorological conditions and PM concentrations reveal distinctive seasonal variation. We also find that there are good correlations between PM and visibility, 6h accumulated precipitation, relative humidity and wind speed respectively.

(4)Lanzhou is located at downstream regions of the dust storm sources. Dust storms occurring frequently in springtime can heavily affect PM concentration levels in Lanzhou. There are some differences by the influences of dust events happenning in various upstream regions in spring on concentrations of different size’s PM in Lanzhou. Generally speaking, dust events have more impact on coarse particles than on fine particles in Lanzhou. Of all five upstream regions, the arrangement from high to low of the effects of them on PM concentrations in Lanzhou is Qaidam Basin area, East Hexi area, West Hexi area, North Xinjiang and South Xinjiang. For Lanzhou, the impacts of dust events occurring in Qaidam Basin area and East Hexi area are greater and faster, while those of dust events occurring in North Xinjiang and West Hexi areas are smaller and slower. This is because the differences of geographical location and distance result in the differences of influence of dust events on PM pollution in Lanzhou. In winter, dust events occurring in upstream regions could also affect the PM concentration levels in Lanzhou, their influences are smaller in wintertime. Than in springtime.

Key words: Particulate matter; Different size particles; Temporal variational characteristics; Meteorological condition; sand-dust index; Lanzhou
The Dust Storm and Its Removal Process Over the Taklimakan Desert as Observed Using a Depolarization Lidar
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Abstract
As part of the Japan-China Joint Studies on Origin and Transport of Aeolian Dust and its Impact on Climate (ADEC), a Mie-scattering depolarization lidar was developed and operated in Aksu, Xinjiang, China (40.62 N, 80.83 E, 1028 m above mean sea level) to investigate the vertical structure of the dust layer over the Taklimakan Desert.  Aksu, an oasis city, is located on the northern part of the Taklimakan Desert.  A strong dust storm occurred in Aksu on 13-16 April 2002.  In this study, by directly solving the lidar equation, we estimated the backscattering ratio at the lowest height during the dust storm. 

This paper describes the dust event and the removal process that was observed by the lidar as follows:
(1) Before the dust storm (April 11 - 12), the sky was clear with a visibility of 40 km. The dust layer had a height of 3 - 4 km, the backscattering ratio was 4 - 8, and the depolarization was 8 - 10%.
(2) On April 13, the trough with frontal clouds passed over Aksu.  This led to a dust storm at 1430 LST.  A strong easterly wind blew with a peak surface wind speed of over 6 m/s.  Visibility was less than 1 km.  The dust storm continued for 4 days.  A dense dust layer developed from the ground to 5.5 km.  The backscattering ratio was 20 or more, and the depolarization ratio was 15 - 25 %.
(3) After the dust storm (April 17 - 20), a clear diurnal variation of the top of the dust layer was observed.  The lidar signals at the lower heights (less than 2 km) gradually decreased during the post-dust storm period.  This result indicates gravitational settling of the relatively large size dust near the ground. On the other hand, the lidar signals at 2 - 4 km showed a clear diurnal variation with spike-like peaks from evening to midnight.  These peaks suggest that the advection of the relatively small size dust picked up in other location is due to the local circulation in the Tiashan Mountains and Tarim Basin.

Dust Emission Under Weak Physical Crust After Small Precipitation at a Fallow-Wheat Field in Australia During JADE-IOP

M. Ishizuka(1), M. Mikami(2), J. Leys(3), Y. Yamada(4) and S. Heidenreich (3)
(1) Kagawa University, Japan, (2) Meteorological Research Institute, JMA, Japan, (3) NSW government, Australia, (5) RIKEN, Japan 

Abstract
The saltation flux and dust concentration were observed using sand particle counters (SPC) and newly-developed optical particle counters (OPC) at the same place under weak crust condition which was formed on the ground surface after small precipitation at a fallow-wheat-field in Australia. Japan Australia Dust Experiment (JADE) is a three years project launched at April 2005. Focus on this project is to clarify the whole processes of wind erosion by observation, theory and modeling. The intensive observation (JADE–IOP) was carried out on autumn 2006 (23 February–13 March). 

The total saltation fluxes, which were summed from 84 to 629 μm in diameter, did not change under both no crust and weak crust conditions. However the total dust concentrations, which were summed from 0.5 to 5.0 μm, were slightly different. When we look at the detail, clear particle size dependency was observed for fine dust particles (0.5–2.0 μm). That is, the finer dust, the much dust concentration decreased. This means that the disintegration of aggregates is weaker for the finer dust particles. For this reason, it is thought that the increase of absorbed water (water film) covered on sand particles enhanced the aggregation of finer dust particles. 

When we saw these dust events at the site, we felt the visibility was not worse in the weak crust condition. This might be the dust concentration of these fine dust particles has a relation to our visibility by eye empirically. 
Numerical Simulations of Two East Asian Dust Storms in Spring 2006

Sun Jianhua
Institute of Atmospheric Physics, Chinese Academy of Sciences，Beijing 100029
Abstract

In this study, we focus the investigation on two of many dust events, including dust storms, which occurred almost daily in spring 2006 over the northern part of China. The first event, occurred on 9 - 11 April, was the most severe in spring 2006 (Case I), while the second event, occurred on 16 – 17 April (Case II), caused wide-spread dust deposition in the northern China, especially in the vicinity of Beijing. An improved version of the IAP (Institute of Atmospheric Physics) dust storm models (IAPS2.0) is employed to simulate the dust storm events. The simulated dust concentrations are found to agree well with the synoptic records and satellite images. The simulated results are also compared with PM10 measurements at several stations. The comparisons show that the model can reasonably well predict the rate of dust emission and airborne dust concentration. The numerical results are used to analyze the dust emission, transport and deposition associated with the dust storms. The different characteristics of the weather systems which generated the two dust storms are examined in detail. 
For Case I, the local circulation associated with dust emission in Tarim Basin is influenced by local topography. The northeasterly, result in dust activities, is originated from invading from east inlet and downslope wind over Tian Mountains. A vertical circulation with downdraft over Tian Mountains and updraft to the north rim of Tibet exited over Tarim Basin. Therefore, dust was converged at the southern Tarim Basin, and southerly wind in mid-level transported dust northward. With the propagation of cyclone, the updraft along and ahead of the cold front transport dust from the surface to low-mid-level, and southeasterly blow them northeastward in mid-level. For Case II, the strong southwesterly in the warm sector of the cyclone transported dust eastward in low-mid-level because of weak surface wind. The deposition of Beijing may caused by weak wind near surface and inversion. 
Gustness and Coherent Structure of Strong Wind in the Atmospheric Boundary Layer

Cheng Xue-Ling, Zeng Qing-Cun, Hu Fei, and Peng Zhen

Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029

Abstract
Spring in Northern China after the passage of cold front there is often outbreak of strong wind and even with accompany of dust emission. The strong wind is lasted for several hours up to two days. By the analyses of the date obtained by the ultra-sonic anemometer-thermometer monitoring in the atmospheric boundary layers during some typical cases, it is revealed: there are rather regular wavetrains of gustwind superimposed on the basic wind flow ( i.e. time mean flow, for example, averaged for every 20 min). 1)The gustwind wavepaket is very different and separable from the turbulent addies. It is with frequency equal to about 3 to 6 min. and with coherent stracture, i.e.: there is descending (ascending)motion in the period of wind speed peak (wind speed valley). 2)The major component of the gustwind velocity is along the direction of mean wind flow, but the component perpendigular to the flow and the vertical velocity are rather weak. This indicates that the gustwind is essentially a subsonic wave with very low frequency and mixed with gravity wave. 3)The gustwind trains propagate along the mean wind flow direction and downwards in the vertical. 4)The hight frequency turbulent fluctuations (with period less than 1 min.) is almost isotropic in the horizontal space. 5)During the period of strong wind, there are downward vertical transport of momentum and upward (in the 3 daytime)vertical transport of sensible heat by fluctuations ( both the gustwind and turbulence). 6)It is very interesting to point out that as the vertical transport of momentum is decomposed separatedly into transports by a)mean motion, b)eddy motion (gustwind disturbances plus turbulent eddies), c)gustwind, and d)turbulence separatedly, they are all downwards in the lower levels of the atmospheric boundary layer and in the most period. However, that by the mean motion is the largest, and that by c) and d) are comparable. All these are very different from the case of normal weather, and the friction velocity owing to the fluctuations is also much larger than that of normal weather case. 7)Even in the lowest levels of atmospheric boundary layer the vertical transports of momentum by mean flow and by gustwind are both very important, hence can not be neglected in the strong wind case.

Key words：strong wind in the atmospheric boundary layer gustwind coherent structure downward transport of momentum duststorm
The Analysis of Impacts of Land Surface Factors on Dust Emission Process in an Integrated Dust Aerosol Modeling System

Song Zhenxin
(National Meteorological Centre, China Meteorological Administration, Beijing, China)

(Email: songzx@cma.gov.cn)

Abstract

Dust events，especially severe dust storm not only are disastrous weather with extreme harm in arid，semiarid region and its surrounding area, but also become an environmental problem which causes harm to the human being health and affects economic development. In this paper, on the basis of the physical mechanisms of sand and dust emissions by wind erosion，the influences of different factors on sand and dust emissions have been studied by using the dust model system. The statistical relationship between visibility and PM10 concentration has been established by regression analysis of visibility and PM10 concentration that were taken every 5 minutes at sixteen dust event observation stations of northern China in the springs. The prediction capability of numerical dust model has been improved by optimizing initial field of dust concentration and estimating the surface soil moisture for dust model system. The difference in dust events classification in different countries in East Asia has been analyzed. On the basis of TSP, PM10 concentration and wind speed, a quantitative classification for dust events has been proposed for East Asia. Consequently, a corresponding relation has been established between results of dust model with observations. They are helpful for forecaster to predict dust events in their professional work. The following is main conclusions:
(1) The simulated results of the four schemes of sand and dust emissions of Shao(2001), Marticorena and Bergametti(1995), Shao(1996) , Lu and Shao(1999) are compared. It is found that the simulated results of Marticorena and Bergametti(1995), Shao(1996) are over the range of actual dust events observation, those of Lu and Shao(1999) are less than the range of observation, that of Shao(2001) is consistent with the range of observation. So the dust model system of Shao(2001) is preferably used to predict the dust events in China. 

(2) By analyzing the surface soil moisture and the initial field of dust concentration in previous dust model system, it can be seen that those variables is very different from the facts. Therefore, the surface soil moisture influencing wind erosion is estimated by precipitation, cloud, air temperature and wind speed. The dust and PM10 concentration are estimated from visibility. After these corrections, 24-hour and 48-hour simulated results of dust events in intensity and spatial distributions are all improved, especially for 24-hour simulated results. When the dust events occurred in larger area, the prediction capability of improved dust model system is greatly promoted by optimizing initial field of dust concentration.

(3) More dust storms were reported in North Korea in contrast with its neighboring regions of China and South Korea in springs. This shows that the represented intensity of the same dust events is different in different countries. In China and Japan, the TSP and PM10 concentrations for severe dust storm and dust storm are higher than that in other countries, while the PM10 and TSP concentrations for blowing dust and floating dust over the Indian Subcontinent are highest. The minimum of TSP concentration range for severe dust storm is in North Korea. The minimum of TSP concentration range for dust storm is in South Korea. The TSP concentration range of blowing dust in south of the Korea Peninsula and parts of the Tibet Plateau are lowest. The PM10 concentration ranges of severe dust storm and dust storm in Korea Peninsula and Mongolia are lowest in Asia. 

Numerical Simulation of Sand Flux Development

Wang Ping, Zheng Xiaojing, Hu Wenwen

(Key Laboratory of West China’s Environment System,

Department of Mechanics, Lanzhou University, Lanzhou 730000, China)

Abstract
A numerical model is developed to study the development of sand flux on an infinite flat bed. The stochastic trajectories of sand particles traveling in atmospheric boundary layer are calculated using Lagrangian stochastic theory. The four important process: aerodynamic entrainment, particle motion, the grain-bed collision and wind modification are all included in the model. At the same time, the distribution of particle size is considered in order to compare the results with that of experiment. The calculated wind profile and mass flux agree well with the wind experiments.

Modeling the Transport and Mixing of Dust Aerosols and Pollutants during an Asian Dust Storm

Zifa Wang a,* Xiujuan Zhao b, Guoshun Zhuang c, Fuying Xie a, Chengming Pang a
a LAPC/NZC, Institute of Atmospheric Physics, Chinese Academy of Science, Beijing a 100029, China. b Institute of Urban Meteorology, China Meteorological Administration, Beijing, 100089, China  c Department of Environmental Science & Engineering, Fudan University, Shanghai 200433, China.

Abstract

The transport and mixing of dust aerosols and pollutants in East Asia during March 18 to 22, 2002 was studied using the nested air quality prediction model system (NAQPMS). Dust was primarily generated in the Gobi desert on 19 March and then swept across several areas of East Asia. The model results were verified with observations of surface weather, TSP/PM10, SO2 and Lidar data. The model simulated the right timing and strength of dust events, capturing most of the variation features in dust and SO2. Numerical results showed that the dust aerosols were mainly transported in two layers and mixed with pollutants in different ways. Some of the dust kicked up in the source region was uplifted to a higher layer (200-2000 m layer) and transported downwind faster than dust of the lower level. This lower-level dust was of greater concentration. The dust arriving at the upper layer began to drop and mixed well with pollutants in the atmosphere during “the first period”. During “the second period”, pollutants were diluted by the dust air mass that was transported along the lower layer. The remaining pollutants mixed well with dust aerosols during this period. The mixed air mass of the higher layer (1500 m) eventually reached the Northwestern Pacific. A large amount of clouds in the upper layers potentially led to an increase in sulfate mass on the surface of dust particles (TAO, 2007). The mixing state of dust aerosols and pollutants was also simulated by the box model APM, showing a dominant difference of mixing ratio of pollutants.
A Statistical Analysis of Atmospheric PM10 Concentration and Determination of the Threshold Concentrations for Early Responding of Asian Dust
Changbum Cho  Soon-Ung Park  Seungbum Kim  Kwan-Young Chung
Hae-Young Lee
(Typhoon and Asian Dust Research Lab. METRI/KMA)

Abstract
Korea Meteorological Administration (KMA) has operated 23 continuous ambient particulate monitors (FH62C14, Thermo inc.) in order for the measurement of atmospheric PM10 in the Korean Peninsular. This study represents the statistical results of the corrected PM10 data during 2005-2006. An analysis was performed by dividing both the normal days and Asian Dust. All above a cumulative percent 97.5 % and below 4 μg/m3 are eliminated through the data QC (Quality Control) process.

Mean concentrations of atmospheric PM10 are located between 33.16-56.44 μg/m3 for normal days. However, these shifted between 285.18-466.35 μg/m3 during Asian Dust. Also, it is remarkable that STD (Standard Deviation) of these is not much smaller than the means. i.e., STD shows 21.81-31.92 μg/m3 for the normal as well as 136.91-405.31 μg/m3 for the later. Especially, mean daily and seasonal variation are observed. During spring, atmospheric PM10 shows higher concentration than the others. Summer is the season showing lower than the others. It seems to be depended on their geographic location since daily variation shows various patterns.

The threshold concentrations are calculated to evaluate whether a current PM10 concentration seems to be affected by local sources mainly or to be added matters from out of the Korean peninsula. 138 μg/m3 at Baengnyeongdo, 161 μg/m3 at Ganghwa, 109 μg/m3 at Gwangdeoksan, 172 μg/m3 at Kwanaksan
, 162 μg/m3 at Cheonan, 127 μg/m3 at KGAWO, 118 μg/m3 at Chupungnyeong, 140 μg/m3 at Gwangju, 159 μg/m3 at Gunsan, 147 μg/m3 at Heuksando, and 128 μg/m3 at Gosan are proposed, respectively. When these guide levels of atmospheric PM10 concentration applied for PM10 concentrations acquired in Asian Dust of year 2005 and 2006, the percentages over the guide shows 88.46-96.69 on southern regions even though 35.91-66.95 on the central regions of the Koran peninsula.
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Abstract:

CUACE/Dust, an operational mesoscale sand and dust storm (SDS) forecasting system for East Asia, has been developed by online coupling dust aerosol emission scheme and dust aerosol microphysics onto a meteorological model with MPDATA advection scheme and k-diffusion scheme introduced.  The inputs contain meteorology from a CMA operational medium range model T213 and a detailed Northeast Asia soil erosion database. It also includes a 3DVar data assimilation system that uses visibility and dust storm records from weather stations, PM10 data from dust observation network and dust intensity data IDDI retrieved from the Chinese Geostationary Satellite FY-2C and a TS scoring system.  For spring 2006, CUACE/Dust successfully forecasted 29 of the 31 SDS episodes in East Asia. A detailed comparison of the modeling predictions for the March 8-12 episode with surface network observations and lidar measurements revealed a robust forecasting ability of the system. The time series of the forecasted dust concentrations for a number of representative stations for the whole spring 2006 were also evaluated against surface PM10 monitoring data, showing a very good agreement in terms of the SDS timing and magnitudes at and near the source regions where dust aerosols dominate. For the entire domain forecasts in spring 2006 (March 1-May 31), a TS (thread score) system evaluated the performance of the system against all available observations and rendered an averaged TS value of 0.31 for 24 hr forecasts, 0.23 for 48 hr and 72 hr forecasts.

Key words: Sand and Dust Storm, Forecasting, CUACE/Dust, Asia
Quantitative Classification of Numerical Prediction on Northeast Asian Dust Weather and Its Applications
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Abstract
A classification based on dust concentration for operational usage is studied in this paper. A method to classify the dust weather (e.g. severe dust storm, dust storm and blowing dust) based on the retrieved dust concentration was set up by employing a statistic formulation between observed visibilities and the dust concentration. These results were derived from the dust cases from March to May, 2004 and 2005. The dust model output was verified by using the observational-derived dust concentration. The good agreement between them can be found. It shows that the numerical dust prediction model has the skill in modeling the dust event, however, there still exist the bias between them. Therefore, it is necessary to explore a new statistical relationship to utilize the model output in order to reduce the bias. According to the same statistic formulation above, a revised statistical relationship is proposed in which the predicted dust concentration from model, rather than observation one, was classified to match the dust weather classification. The significance of the new classification of the dust concentration is to make the model prediction to be used better in dust weather forecast.

Key words: dust weather, classification on dust concentration, interpretation of Numerical Prediction
A Diagnostic Study of Rapid Developing Cyclone in Mongolia

Zhang Zhigang Zhao Linna Jiao Meiyan Zhou Ningfang Kong Qi

National Meteorological Center,China Meteorological Administration,Beijing 100081
Abstract
Based on the NCEP-NCAR data and the observational data on 9-10 March, 2006, a diagnostic analysis is conducted for the development of Mongolia cyclone producing the severe dust storm. The results show that high-level anticyclonic flow contribute to development of the wave energy, and make the explosive cyclone. Although the amount of thermal advection is larger than that of vorticity advection initially, both of them are important to the cyclone development. The baroclinicity in the lower troposphere concur with frontolysis over the back of the cyclone and the frontogenesis ahead the cyclone, which intensify to release latent heat and produce the kinetic energy. In addition, the potential vorticity analysis imply that there is close relationship between the cyclone development and the activities of clod air, and there exist distinct interactions of systems between the upper and lower troposphere. The mechanism of development of cyclone is quite different from that in South China associated with the summer precipitation.

Key words: Dust storm; Mongolia cyclone; Strong wind; Baroclinic effect
Comparison between Two Dust Weather Process Effecting Beijing in 2006
LI Xiao-Long1,2, Fang Zong-Yi1
1 National Satellite Meteorological Center, Beijing  100081

2 School of  Physics, Peking University, Beijing  100871

Abstract
With satellite data, NCEP reanalysis data, and observation data and so on, weather process, cloud variation, dust transport and subsistence is analysed during those two dust storms happened in March and April 2006, respectively. The influence coming from the first one was just passing by, but the latter one brought severe yellow sand into the whole Beijing. Though the dust process from the April 16 to 17, which was in the early period, was not the strongest in the spring of 2006, it caused a very negative social influence. The analysis indicates that 1) strong dust process was caused by Mongolin cyclone and dust source was from the border between China and Mongo, and western inner Mongolia, and strengthened in northern Loop region, Ordos plateau and Hunshandake sandland. Dust was transported to Northern China, Bohai sea, and northern Huanghai sea with the help of high-level wind. Satellite remote sensing technique not only can monitor the development of dust process, but also can detect the region covered by dust and estimate the value of subsidence. 2) the main reason for that during the dust process from April 16th to 17th, the dust layer covered east part of Northern China, Bohai sea and larger area, is that in the boundary layer middle-scale vortex stopped low-level cold front; cold front clouds were obstacled by the scroll clouds staying over the Japan Sea during moving eastward, so the structure of cold front clouds was twisted and collapsed, therefore, severe dust subsidence occurred over Northern China.

Key words: dust storm, satellite monitor, subsidence
Dust Particles in Spring Snow at Mt. Tateyama, Japan: Shift of Shape Characteristics During Long-range Transportation
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Abstract
The shape and size distributions of mineral dust aerosols are important parameters to deduce their optical and aerodynamic properties. Mineral dust particles are known to have non-spherical shapes; however data of particles’ shape factors are currently very limited, especially for tropospheric mineral dust particles. In this study, the number size distribution and shape factor distributions of dust particles in the dirty snow at Mt. Tateyama, Japan were analyzed. Snow deposited in high mountains offers advantages of long-range transported particles because it is less contaminated by local dust and pollen than that from lowland area, and reducing local dust contribution is very important for analyzing long-range transport particles from distant source regions via the free troposphere.

The shape factors of dust particles in four dirty snow layers in the spring of 2001 were analyzed using scanning electron microscopy and optical microscopy together with image analysis software. Results show that the median aspect ratio (ratio of the longest dimension a to the orthogonal width b; a/b) of the dust particles varied within 1.22-1.31. Only a few particles with an aspect ratio of more than 2.5 were observed. The median circularity factor (4π S/l2; S is projection area and l is periphery length) varied from 0.83-0.97. The narrower shape factor distributions and bi-modal number size distribution were observed for dust particles in different dirty snow layers. To study the difference, wet and dry deposited Asian dust particles collected at Nagoya and Sahara dust collected at Toyama were also analyzed. Combined with backward air trajectories and visibility reducing surface weather reports, the sources of those dust particles were identified. Narrower distributions of number-size and shape factors were suggested for the Saharan dust, and bi-modal number-size distributions were identified for dry deposited dusts. By comparing the shape factor distributions of dust particles observed in Japan and their source areas, an interesting result was discovered: the proportions of nearly spherical (higher circularity nearly 1) and less elongated (lower aspect ratio close to 1) particles were higher in the sample that had been transported a longer distance from the dust source areas. However, this phenomenon cannot be explained by previous particle settling model. 
To find the possible reasons for the observed phenomenon mentioned above, a depositional model for ellipsoidal particles was studied by assuming that the shape of dust particles are similar to ellipsoids. Previous model study was based on the assumption that dust particles were randomly orientated in the air during gravitational settling. However, little is known about the orientation of dust particles during gravitational settling. Therefore, particles’ center of gravity were examined and bias of dust particles’ centers of gravity was observed: L1 (the longest distance from the center of gravity to the boundary of particles) is 5% (of L1, on average) longer than L2 (1/2 of the longest axis of particles). Observed bias of particle’s center of gravity suggests that a preferential orientation exists for particle settling heavy side down. By applying the preferential orientation of particles to the depositional model, the settling velocity for ellipsoidal particles with Reynolds numbers lower than 2 were estimated. Results show that, for particles less than 11 μm, the settling velocity of spherical particles is lower than that of ellipsoids having equal surface area. Because that most of actual dust particles show similar shape to ellipsoids, and the center of gravity of those particles were biased to one side of their longest axis, there is a possibility that particles with high aspect ratio were selectively removed from atmosphere, which might imply a lower proportion of elongated particles after long range transport. These results also indicate that, away from the source regions, dust particles are essentially spherical, which considerably simplify the calculation of settling velocity in transport and of radiative transfer models.
Surface Observation of Sand and Dust Storm in East Asia and Its Application in CUACE/Dust
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Abstract
The spatial-temporal distributions and sources of sand and dust storm (SDS) in East Asia from 2001 to 2006 were investigated on the basis of visibility and PM10 data from the routine SDS and weather monitoring networks run by CMA (China Meteorological Administration). It revealed three high SDS occurrence areas located in western China, Mongolia and northern China. More SDS events occurred in 2001 and 2006, with most strong SDS events occurring in the Mongolia source regions. High PM10 concentrations were always associated with high frequency of SDS events in most areas of northern China. The highest PM10 concentrations were observed in the center of the western China source with mean daily value of 876 μg m-3. In the eastern part of the northern China source this value is 335 μg m-3. Generally in downwind areas, the mean daily PM10 concentration exceeds 100 μg m-3. The annual variation of PM10 concentration shows different patterns in different regions. The highest monthly mean daily PM10 concentration was observed in April at most SDS stations. Good correlations are found between PM10 and visibility by power function fitting, especially during SDS events at the source regions. Three reference PM10 values of 200, 5500 and 15000 μg m-3 are estimated to classify the dust concentration from the CUACE/Dust system to the SDS weather categories. A SDS verification system was also developed based on ground–based observational data supplemented by the SDS data retrieval from FY-2C satellite. TS value of the SDS forecasting from CUACE/Dust system is 0.31 for 24 h forecasting. The model performs well in SDS forecasting in East Asia, especially during large SDS events. Data assimilation improves model forecasts.
A Fast Infrared Radiative Transfer Algorithm for Dust Storm Weather
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Abstract
 AIRS (Atmospheric Infrared Sounder) is a high spectral resolution sounding instrument, whose products are used broadly in weather forecast and the retrieval of atmosphere parameters, clouds and gases, but haven’t been used in the research of the dust storms. We are interested in the results of the retrieval of dust storms using the high spectral resolution infrared instrument and make efforts on it.
An algorithm is developed for the infrared radiative transfer of the dust weather based on SARTA (Stand-alone AIRS Radiative Transfer Algorithm).First, the Mie spherical scattering theory is employed to calculate the single scattering properties of the dust-like aerosols. Then the albedo and transmissivity function of the dust clouds are calculated using the forward model DISORT (Discrete Ordinate Method) radiative transfer code, based on the single scattering properties. A database of the fitted coefficients for the albedo and transmissivity function is generated, we can rapidly obtain the transmissivity and albedo for the dust clouds for specified optical thickness, effective size, zenith angle and wavenumber. Finally we can calculate the radiance with the dust clouds at the top of atmosphere using our developed fast infrared radiative transfer algorithm. It is found that when a layer of dust clouds is added, the additional calculating time is less than 0.1 second compared to clear sky radiance calculation. We will also analyze the accuracy and the sensitivity of the code in the paper.
Comparative Validation of Dust Products Retrieved From TIR and UV Satellite Data During Spring of 2006 and 2007
QI Jin, ZHANG Peng, LI Xiao-Jing and ZHANG Xing-Ying
National Satellite Meteorological Center, Beijing, 100081

Abstract
Based on the three thermal infrared window channels 8.5, 11 and 12um of  satellite, the integral column density, optical depth and particle effective radius of dust layer were retrieved synchronously in NSMC. TIR dust products from MODIS were compared with UV aerosol index of OMI/AURA level 2 products which was nearly proportional to absorption aerosol optical depth and had good application over both water and land surfaces during bigger dust cases in spring of 2006 and 2007 over China. According the different passing time at local region of two instruments, MODIS dust products were assimilated to OMI passing time with model. The result shows that TIR dust products have very good relationship with UV aerosol index. 
Key words: dust event, quantitative validation, TIR dust products, UVAI

Characteristics of Atmosphere Aerosol Light-Scattering and PM10 Concentration in North China

Yan Hao

(National Meteorological Center, China Meteorological Administration, Beijing 100081)

Abstract
Aerosol light-scattering coefficient at 525nm (σsp) and PM10 concentration were investigated at two meterological stations in north China in 2005. σsp at Zhangbei in Gansu province had a mean value of 130Mm-1 while at Minqin in Hebei province this value was 116Mm-1. The largest seasonal mean σsp was encountered in winter at both stations. Mean σsp in winter at Zhangbei and Minqin were 301.6Mm-1 and 170.9Mm-1, repectively. Aerosol light-scattering was more significant at Zhangbei than at Minqin. Conversely, PM10 at Zhangbei had a mean value of 53μg/m3 while at Minqin this value was 130μg/m3. The largest seasonal mean PM10 was encountered in spring at both stations. Mean PM10 in spring at Zhangbei and Minqin were 82.2μg/m3 and 190.1μg/m3, repectively. PM10 pollultion was more significant at Minqin than at Zhangbei. As to the characteristics of mass scattering efficiency (α), α at Zhangbei had a mean value of 2.4m2/g while at Minqin this value was 1.1m2/g. Obviously, characteristics of aerosol properties at two station were different, which resulted from different type of aerosol dominated at two station. Zhangbei station is mainly affected by urban polluted aerosol due to its energy stucture and its location near urban polluted belt in east China, however Minqin station is mainly affected by desert aerosol due to its location near two big deserts in north China.

Key words：Integrating nephelometer; Mass concentrations; Dust aerosol; Smoke aerosol
Climatic Role of Dust Aerosol Deposition on Snow Surface

Taichu Y. Tanaka*, Teruo Aoki, Masahiro Hosaka

(Meteorological Research Institute, Tsukuba, Japan)

Abstract
Atmospheric dust aerosol impacts the Earth's climate by affecting the radiation budgets. It influences the Earth's energy budget not only by scattering and absorbing the radiation when it is floating in the atmosphere, but also by decreasing the surface albedo when it is deposited on the snow surface. Since the snow albedo is one of the most important parameter to control the radiation budget on snow surface, the impact of dust deposition on snow has potentially significant. However, the effect is uncertain because of the lack of the understanding of the relationship between dust deposition and snow albedo. Based on long-term observations of snow albedo and snow impurities, we developed a physically based snow albedo model, and incorporated it into a global aerosol transport model called the Model of Aerosol Species IN the Global Atmosphere (MASINGAR). The model calculates the visible and infrared albedos of snow surface as functions of snow impurities, snow grain size, and solar zenith angle. The snow impurities in the model consist of deposited black carbon and dust aerosols, which have light absorbing property. The concentrations of the black carbon and dust aerosols in the snowpack are calculated from wet and dry deposition fluxes of these aerosols using MASINGAR. We performed 3-year global simulations and estimated the global and annual mean radiation budget difference at the top of the atmosphere with and without dust deposition is +0.2 W m-2 for all-sky condition and +0.04 W m-2 for clear sky condition. The difference in radiation budget is significant over northern Siberia and the Himalayas, where the snow cover remains until early summer. The result implies that the dust aerosol deposition on snow surface has a significant climatic role.
* Corresponding author: yatanaka@mri-jma.go.jp

A Model and Hindcasts for Spring Dust Storm Prediction in Inner Mongolia 
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Abstract 

Depends on the works of comprehensive dust storm investigations and statistical analysis in Inner Mongolia for the past 47 years (1961-2007), a definition of Inner Mongolia spring dust storm events, a forecast standard for spring dust storms and a distinguish criteria for success or failure predictions are provided. A prediction model and its algorithm are designed by using eigenvalue method, fuzzy mathematical and group appraising approaches. According to the outcomes of correlation analysis, step-regression analysis and EOF decomposition, some important influence factors, which have been showing significant predicting singles in certain degrees, are selected as Inner Mongolia spring dust storm predictors used in the forecasting model, such as SST, precipitation, temperature and some of the atmospheric circulation indices. Furthermore, 11 hindcasts with different groups of the selected predictors have been done in order to check forecasting effects and to try to find the better combination of the predictors for future prediction practices. The hindcast results indicate that it has some positive effects for spring dust storm predictions and there is a possibility to develop a practical routine forecast way in the future time. 

Analyses on the Cause of Formation of Sandstorm Occurred in Surrounding Beijing and Tianjin Area
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Abstract
First, it analysed the characteristic of sandstorm occurred in surrounding Beijing and Tianjin area, then it analysed the cause of formation of the sandstorm from the climate ,the change of circulation situation and dynamic diagnosed and so on. The result showed as follows: in near year, the precipitation in springtime was continually less than the normal, and the air temperature in springtime was continually higher than the normal in this region, they provided the favourable conditions to sandstorm’s occurrence; the atmospheric circulation situation to sandstorm’s occurrence and  frequent colder atmosphere was the main reason that the sandstorm was more than the normal.

Key words: Surrounding Beijing and Tianjin area；Sandstorm；Circulation situation；Contrast analysis；Cause of formation analysis
A Preliminary Study on Relationships Between Dust Storm Activities in North China and Arctic Ice-Snow Cover
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Abstract:
The generation and development of dust storms are controlled by land surface conditions and atmospheric circulations. The latter, in turn, is influenced by the global ice-snow cover. In this study, we examine the relationship between the characteristics of dust storm activities in North China and the changes of global climate patterns. In particular, we are interested in whether Arctic ice-snow cover is related to the dust storm frequencies and intensities in North China. Our analysis based on the monthly data for the period from 1954 to 1994 shows that this is indeed the case. This result suggests that the Arctic ice-snow cover can be used for the long-term prediction of dust storm activities in North China, and dust storm activities also serve as an indicator of global climate change.

Key words: Sand storms; Sea ice; Sea surface temperature; Climate change
Statistical Investigation of Sand and Dust Storm in East Asia During Recent Eight Springs

Liu Hong-Li, Niu Tao
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Abstract

Based on East Asia’s observation data from 2000 to 2007, all of 175 sand and dust storm (SDS) weather process are plotted out. The statistical result indicated that the desert and sandy in Mongolia is the uppermost source of SDS in East Asia, about 56% SDS weather processes occurred in Mongolia firstly. The character of affected area is that about 46% SDS weather processes covered Mongolia and north part of China, 18% covered Mongolia, 16% covered nonth part of China, 16% covered Mongolia, nonth part of China, Korea Peninsula and Japan, only 3% are occurred in China and affect Korea Peninsula and Japan. The mode of severe SDS which affect five country of East Asia is that the SDS weather process occurred in Mongolia firstly and extend southeastwards, the SDS was strengthened with the supplement of sand and dust source on the Inner Mongolia Altiplano, and then extend southeastwards to affect Korea Peninsula and Japan.

A index of sand and dust storm (SDSI) which denotes a compositive impact of SDS is defined on the intensity, affected area and duration. The important weather or climatic factor which affected SDSI are surface layer wind speed, the difference of temperature between spring and last winter, the precipitation in source area.

Impact of Land Surface Processes on the Simulation of Dust-Storm Activities Over North China

Lin Zhaohui  Leihang and Sun Jianhua

ICCES, Institute of Atmospheric Physics, 
Chinese Academy of Sciences, Beijing 100029
Email: lzh@mail.iap.ac.cn 

Abstract
North China is an active region of mineral dust emission, especially during recent years, strong dust storms frequently occurred during spring in this region. In this study, the integrated dust storm numerical prediction system developed in ICCES/IAP (which consists of an meso-scale meteorological model (NCAR/PSU MM5), a wind erosion scheme, a dust transport and deposition scheme, and a geographic information system), has been updated, with the original OSU land surface model been substituted with the newly developed Noah land surface model.

Several sets of numerical experiments have been conducted for the simulations of typical dust-storm events occurred during the spring of 2002 by using both the original and improved dust-storm prediction model. Comparisons with the observation show that, the improved model perform better in the simulation of dust-affected areas than the original model, this may be ascribed to the changes of the soil moisture simulation, and then result in more realistic simulation of the threshold friction velocity distribution. The improved dust-storm prediction model has also been applied to the simulation of severe dust-storm events during 18-21 March, 2002, the comparison between the model simulation and surface weather station observation shows that, the improved model can quite well reproduce the initiation and development of dust activities. All these results may suggest the importance of land surface processes on the simulation and prediction of dust-storm activities.
Some Investigations Into Near Surface Wind and Saltation Intensity In Minqing Area
Ning HUANG*  Feng SHI  Xiaojing ZHENG

（Key Laboratory of Mechanics on Western Disaster and Environment, Lanzhou University, Lanzhou, Gansu 730000, China）

Abstract
Current research on near surface movement of blown sands concentrates on theoretical analysis and numerical simulation of sand saltation at ideal and controllable conditions. The field observations on blown sands and sand storm are usually limited to wind velocity and dust concentration 10 meters above surface. Based on advanced instruments imported from abroad, we developed a system which can simultaneously measure wind profile, sand transport intensity and sand flux in the real time. Using this system, we simultaneously measured physical quantities such as pulsed wind velocity at near surface, sand transport intensity, sand flux, temperature and humidity with high frequency on sand dune in Minqing area, which locates between edges of the Badain Jaran Desert and the Tengger Desert. The analysis on the measured data shows that wind fluctuates with high frequency and sand saltation is with high level of intermittency accordingly. The wind velocities at four heights, 25, 57, 102 and 204 centimeters are with high correlation. Time step affects the correlation between horizontal wind velocity and sand saltation intensity. The correlation coefficient between horizontal wind velocity and sand saltation intensity logarithmicly increases with the increment of time step. These results are useful to further establish the stochastic model which describes sand-blown saltation in natural condition and complex surface, and reproduce characteristics of nonlinear complex dynamic system in real blown sand system. 
Key words: wind velocity at near surface, blown sands, simultaneously measurement, intermittency
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Abstract
A data assimilation system (DAS) was developed for the Chinese Unified Atmospheric Chemistry Environment - Dust (CUACE/Dust) forecast system and applied in the operational forecasts of sand and dust storm (SDS) in spring 2006. The system is based on a three dimensional variational method (3D-Var) and uses extensively the measurements of surface visibility and dust loading retrieval from the Chinese geostationary satellite FY-2C. The results show that a major improvement to the capability of CUACE/Dust in forecasting the short-term variability in the spatial distribution and intensity of dust concentrations has been achieved, especially in those areas far from the source regions. The seasonal mean Threat Score (TS) over the East Asia in spring 2006 increased from 0.22 to 0.31 by using the data assimilation system, a 41% enhancement. The assimilation results usually agree with the dust loading retrieved from FY-2C and visibility distribution from surface meteorological stations, which indicates that the 3D-Var method is very powerful for the unification of observation and numerical modeling results.
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Modeling of Dust Flux to Oceans from Asian Continent(
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Abstract
Plenty of dust aerosols are blown into atmosphere during the frequent Asian dust storms. Dust aerosols have not only direct and indirect climate effects through radiative processes, but also have important influences on the oceanic environment. As dust aerosols carrying nutriments like Fe fall into ocean, they will facilitate oceanic primary productivities. The change in oceanic primary productivities will then cause the change in the flux of radiatively active gases between ocean and atmosphere and result in the climate change finally. For the studying of these profound items, estimation of dust flux into oceans is an important premise. In this report, two schemes and relative observation data are combined to study the dust deposition flux and amount into seas near China from Asian continent during the spring of 2006. 

One of the schemes is Integrated Numerical Modeling Scheme (IM), in which the movements of dust particles including emission from surface, transportation in the atmosphere and deposition into seas are simulated integrally. The other is semi- Numerical Modeling Scheme with MODIS data (MM). In the MM scheme, aerosol optical depth (AOD) obtained from MODIS production is transformed into surface aerosol mass concentration with some empirical formulas, and then the dust flux into seas will be estimated with the deposition scheme in IM. The meteorologic data needed in the two schemes are from the output of MM5.

Based on the analysis of the special and temporal characteristics of dust flux into seas near China in April of 2006, the dust fluxes (amount in one day) during two float dust weather processes are derived as follows: on 23th, 5.83μg/m2/s (0.20Tg, IM scheme) and 20.66μg/m2/s (0.71Tg, MM scheme); on 27th, 6.00μg/m2/s (0.21Tg, IM scheme) and 8.36μg/m2/s (0.29Tg, MM scheme). The value of MM scheme is bigger than the IM scheme, but they are same in the magnitude and reflect the dust flux level into Yellow Sea basically when the float dust weather happened. The total mass of dust deposited into the Bohai Sea, Yellow Sea, the East China Sea, the South China Sea and the Japan Sea from 17 to 30 in April of 2006 is 5.23Tg. From the compare of relative results in some references, it can be found that the modeling results in this study are reasonable and believable at least in magnitude.
Key words: Dust aerosol; Chinese Seas; Deposition Flux; Numerical simulation; Aerosol Optical Depth.
Estimation of Dry Deposition Amount During Severe Dust Events in Korea
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Abstract
Dry deposition of Asian dust has been estimated during severe dust events in the spring time in Korea (Period I: 15-24 March 2002, Period II: 4-13 April 2002, Period Ⅲ: 4-13 April 2006, Period Ⅳ: 28 March - 6 April 2007). During these periods the observed PM10 concentrations were over 1,000 μg/m3 at most monitoring sites in South Korea. These were more than 10 times higher than those of the non-dust storm period, thereby causing natural disasters including temporary closing of most domestic airports and elementary schools in Korea.

In this study, a dust transport model called Asian Dust and Aerosol Model (ADAM) is employed to estimate dry deposition of Asian dust in East Asia. The emission module including log-normal distributions of particle size for different soil types of Gobi, Sand, Loess, and Mixed soil in the Asian dust source regions, is used to calculate the amount of dry deposition. In calculating dry deposition, particles of 0.2-74 ㎛ in diameter are divided into 11 size bins (0.2-0.5, 0.5-0.82, 0.82-1.35, 1.35-2.23, 2.23-3.67, 3.67-6.06, 6.06-10, 10-16.5, 16.5-27.25, 27.25-45, and 45-74㎛ in diameter) with the same logarithmic interval. 

The estimated total dry deposition amount in South Korea, North Korea and Japan is about 73, 112, and 149 kton in Period Ⅲ, respectively, and about 57, 95, and 133 kton in Period Ⅳ, respectively. It is found that the dry deposition rate becomes higher as the region close to the Asian dust source regions. The model-estimated dry deposition will be compared with that calculated from the data measured by optical particle counter (OPC) at Anmyeondo in Korea.

Key words: Asian dust, Dry deposition, Asian Dust Aerosol Model (ADAM)
Evaluation of Asian Dust and Aerosol Model (ADAM) for the Simulation of Asian Dust Events

Seungbum Kim, Kwan-Young Chung, Bonyang Ku, Changbum Cho,

Beom-Cheol Shin, Seung-Joo Song, Hae-Young Lee

(National Institute of Meteorological Research/KMA, Republic of Korea)
Youngsin Chun
(NOAA/ESRL Global Monitoring Division, USA)
Abstract

It is no more controversial that the health and societal damages caused by sand and dust storms might be reduced considerably by the accurate early-warning before a dust storm occurs. As such, Korea Meteorological Administration (KMA) has made several efforts to establish an early-warning system of Asian sand and dust storms. So far, KMA has set up 10 joint monitoring sites and 5 data exchange sites of Asian dust in China with the aid of Chinese Meteorological Administration (CMA). In addition, KMA has 23 PM10 sites in Korea as of now. Since 2003, an operational sand and dust storm forecasting model called ADAM (Asian Dust and Aerosol Model) has been operating to make 48hr forecasting of Asian dust twice a day in KMA.

In this study, we have evaluated the ADAM performance for the simulation of Asian dust events. Total 18 cases occurred in the springtime from 2005 to 2007 have been selected for the evaluation. To shed light on the factors to make the uncertainties of model predictions, model simulations results compared with the surface PM10 measurements and aerosol optical depth retrieved from satellite data. The additional goal of this study is to understand the basic science processes involved in the high dust events in Northeast Asia. 
Key words: Asian dust, Asian Dust and Aerosol Model (ADAM), Dust model evaluation, ground-level PM10, Aerosol Optical Depth
Aeolian Dust Information By the Japan Meteorological Agency
Takashi MAKI1,Taichu Y. TANAKA2, Atsuya KINOSHITA 1, Kenji SUZUKI1, Tatsuru  FUJITA1,MasaakiIKEGAMI1, Kouji MATSUMOTO1, Hikaru DOI1 and Masao MIKAMI1
　1 Atmospheric Environment Division, Global Environment and Marine Department, Japan Meteorological Agency 2 Atmospheric Environment and Applied Meteorology Research Department, Meteorological Researc　hInstitute

Abstract

Aeolian dust brought to Japan from desert regions in East Asia, so-called “Kosa”, has been increasing for past several years, and it has caused adverse impacts on various human activities.  In order to respond to the requirement of the society, JMA started to issue the Kosa information via internet web page (http://www.jma.go.jp/en/kosa/) in January 2004. The Kosa information consists of Kosa observation, general weather information and Kosa prediction. The Kosa prediction is produced by using MASINGAR (Tanaka et al., 2003, 2005), a dust transport model coupled with the General Circulation Model (GCM) of JMA. MAGINGAR has also been used to study the distribution of atmospheric aerosols and related trace species.
The MASINGAR includes dust-emission from land surface module (SiB), dust-deposition, 3D transport and vertical diffusion processes. The operational version of MASINGAR for the Kosa prediction has the resolution of T106 (110km) L20. The important feature of MASINGAR is that the model can simulate global dust distribution. At this stage, provided products cover the area of 20-50N and 110-150E and include the horizontal distribution of dust concentration near the surface and the total column amount of Kosa. MASINGAR predicts once a day up to 48 hours ahead.  The products of the model are utilized by forecasters of JMA for issuing weather information, and provided to the public through the official web site of JMA (http://www.jma.go.jp/en/kosa/) and the Japan Meteorological Business Support Centre.
JMA upgraded MASINGAR in February 2007 in two major aspects.  The first major upgrade of MASINGAR was the introduction of new vegetation map in Northeast Asia.  The second major upgrade was the enhancement of nudging with meteorological analysis and forecast.  As shown in the Figure 1 and 2, the prediction of new MASINGAR has represented good consistency with the surface weather observation in this Kosa season (from Mar. to May). The threat score of prediction by MASINGAR against surface observation is greater than 0.4 in Japan area this year. JMA is planning to extend the period of prediction from 48 hours to 96 hours in the near future. JMA also has a plan to assimilate remote-sensing observational data (satellite, lidar, etc.) in the future. 
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The Numerical Simulation and Diagnosis Analysis of ”4.12” strong sand-dust storm at the Northwest of china
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2 Nanjing University of Information Science & Technology, Nanjing 210044

Abstract

Based on weather facts to simulate and diagnoses analysis the wind weather pattern and ground wind field、physical variation output field of “4.12” heavy sand-dust storm at Northwest area of china, On bases of up movement area and axis of jet current location and horizontal-perpendicular distribution of some kinds of physical fields, we can get some concludes that how sand-dust storms occur and develop,  what direction and trigger action of strong sand-dust storm are. Because of model results output at every 3 hours, the numerical  simulation have much virtues than regular synoptic data .

The results state that the-west wind emerges and strong wind converges distinctly at Hexi corridor before 1 hours of the sand-dust storm erupted ; before  the occurrence sand-dust storm ,continual temperature rising was the favorable condition ;the  development of Hexi cyclonic eddy was mesoscale system which stimulated the sand storm;  there is a perpendicular sub-circulation in the process of sand-dust storm , and ascending area of sub-circulation located upper back of surface mesoscale low-pressure ,descending area of sub-circulation located upper front of the surface cool high pressure; high jet and Ferrel circulation are main therm-dynamics center. The severe sand-dust storm happened at the south side of high jet exit area and downwind of vorticity center of 200 hPa and ascending area of sub-circulation .the development and persistence of drywarmer sector in the Northwest is the index of the abnormal jet intensified state of the front over middle and troposphere ; unsteady atmospheric level which provided a favorable large-scale circulation envioronment  

Key word: Numerical Simulation,Diagnosis Analysis,sand-storm physical mechanism
A Study of Relationship Between Sandstorm and Atmospheric Rotary Motion

HU Run-shan

( Datong Meteorological Bureau，Shanxi Province   Datong 037004,China )
Abstract

In recent years,many progresses have been made in the study of sandstorm,and sandstorm is studied mainly by draught weather background,air motion,unstabilty etc.After long time span draught,gail which is generated by low pressure and its cold front is the main cause of sandstorm.But air rotary motion paly important role in sandstorm also,and there is less study in this aspect.In this paper,sandstorms happened in China,3-5,2006 are analysed by weather situations and calculation of physical parameters.The results show that sandstorm is not only related to gail but also related to air rotation.The combination of advection(including horizonal and vertical motion) and rotation forms helical effect of air motion,and synthetic analysis of the helical motion which generates sandstorm has important meanings to analysing and forecasting sandstorm.Some physical parameters such as hylicity,Q vector,potentional vorticity and thermal wind hylicity which are applied to discribing air’s real time helical motion of sandstorm weather are compared in the paper.Besides,the thermal wind hylicity has some forecast value by reflecting temperature-pressure configuration and vorticity varition with time.A source of sand and a mechanism of a sand-risen and diffusion and deposition are neccarary to sandstorm.There is rich sand source in North China.Besides less rainfall,high temperaure before sandstorm,the characteristics of the air helical motion is the direct course of which the sandstorm is generated and maitained.How the air rotation affects sandstorm and how to discribe the rotation is studied here.Hylicity is Ｈ＝qａ·Ｖ＝Ｖｈ·ξ＋ζW(vector qａ and Ｖ are absolute vorticity and velocity).When ζW>０ the air revolves up and some sands are blown into the air，meanwhile the spiral up motion help the dust diffused to higher level and stayed in air for longer time.The thermal wind helicity ＨＴ＝qａ·ＶＴ＝-(g/f)(▽lnT·▽w)-(ζ+f)(▽h·V)=dζ/dt can not only reflect strength of frontgenesis,syclone and convergence，but also reflect the evalution trends of these weather systems.It can be applied to study the dynamics of sandstorm and forecast sandstorm.15 times sandstorms happened in China,2006 are analysed by helicity,thermal wind helicity.The results show that in the high value areas of positive helicity and thermal wind helicity at 8:00BCT,there will be sandstorm within 12 hours.The areas of  ＨＴ>20X10-5 or Ｈ>80X10-6 and the area of sandstorm is coincident.Because the quantity of positive value reflect the total strongth of the horizonal and vertical air motion and rotation,the great helicity(gail with rotaton) is favourable to the dust at surface entrained into air to form sandstorm and the strong wind with rotary motion intensify the diffusion of dust in horizonal and vertical direction.
Causality Analysis of a Strong Convective Severe Sand-dust Storm in the south of Hebei Province
Zhang Haixia1    Cai Shouxin1     You Fengchun2   Wang haifeng1
 (1.Handan Meteorological office,Hebei Province ,056001; 2. Hebei Meteorological observatory ,Shijiazhuang 050021)

Abstract
Using conventional observational data ,satellite images, Dopper radar echo and NECP data, the causality of the strong convective severe sand-dust storm in the south of Hebei on May 10,2005  is discussed. The results show that the vertical structure of cold advection in the upper air and the warm advection in the lower level, and increasing temperature at afternoon provided the advantageous thermal condition. Strong surface winds were mainly caused by a squall line ahead of the cold front which showed as a arc echo, the surface mesoscale convergence line is very important to the squall line. Meanwhile, the development of upper-level jet and strong downward transport of momentum by the sinking branch of the upper level jet’s secondary circulation are also important for the formation of strong surface winds. The dust devil occurred at the coupled of high/low level jets and the superposition of the positive helicity value at 700hPa and high-energy tongue and the higher gradient of the helicity’s positive value at 300hPa, the magnitude of the tropospheric helicity is useful for the prediction of dust devil events.

Key words: sandstorm   strong convective   squall line   helicity
Analyses on Cause Of a Severe Sand-dust Storm Formation

Chen Yan 　Su Hailiang

(Tangshan Meteorological Bureau of Hebei Province, Tangshan 063000,Hebei China)
Abstract
A strong wind and a sand dust weather befallen in south and middle of Hebei Province on 27 March 2006，blowing sand in 75 counties(stations)，gales in 59 counties(stations)．Sand-dust storm appears in fifteen stations(counties) of Xingtai and Handan in the south of Hebei. There even appears severe sand-dust storm in Pingxiang、Jize、Chengan、Yingnian、Feixiang、Guangping and Weixian．The visibility of Chengan and Jize is only 200m． Its incidence is nearly the widest in Hebei Province in the last years．Along with the emergence of sand dust weather the air pollution aggravates，The densities of PM10 enlarge quickly to 0.307μg/m3 from 0.150μg/m3 and people's life is influenced gravely．
Using routine Meteorological data and reanalysis grid data of NCEP/NCAR and the model products of MM5 the circulation background and the physical mechanism of the Severe Sand-dust Storm weather are analyzed．It may provide reference for the accurate weather forecast of sand-dust storm．The results show that： 

(1)The severe sand-dust storm process is formed by the upper air trough and the northwest gale behind the clod front.

(2)The analyses of the vertical circulation and the wind and the vertical velocity on the vertical cross-section at 115°E（that's the center of the severe sand storm） indicates that there exists obvious downward momentum transport and it leads into increasing of the wind speed on ground level．

(3)The center of the Sand-dust storm and the updraft have a homologous relation, the updraf center decline to explain that the momentum in high level are transported to low level．

(4) Analyze the vertical cross-section of helicity in the sand-dust storm area，it show that the helicity in 250hPa level is always minus and it is variational from positive to minus at 250hPa level through the sand-dust storm weather process．and that the sand-dust storm area always locate on south of the positive spiral-degree center．There is secondary spiral-degree center at upper level air of the sand-dust storm area．

(5)To analyse the distributing of helicity on horizontal level that show the sand-dust storm area always locate in the positive spiral-degree center of 925hPa level，and that the intensity of sand-dust storm always increase along with the value of spiral-degree center．as a result the positive spiral-degree center in low level is a indication for forecast of the sand-dust storm.．

Key word: Sand-dust storm 　upper level jet stream 　downward momentum transport 　helicity
The Dpatial and Temporal Variations of Aerosol Properties in Beijing and Anmyon from MODIS, AERONET and Surface Concentration

KIM Jeoung-yun1,3, NIU Sheng-jie1, HA Hye-Kyeong2,3
(1.Key Laboratory of Atmospheric Physics and Atmospheric Environment；
2.School of Remote Sensing, NUIST, Nanjing 210044, China；
3. Korea Meteorological Administration, KMA, Seoul 156-720, Korea)

Abstract

TERRA/MODIS and AERONET Sun/sky radiometer measurements were analyzed to investigate spatial and temporal variations of aerosol optical properties at Beijing in China and Anmyon in South Korea. We also investigated MODIS and AERONET Aerosol optical depth (AOD) in addition to surface concentration (PM10). The MODIS AOD in eastern and northern China of most regions have high values throughout the whole year. Those showed a maximum in summer and a minimum in autumn and winter. Compared MODIS AOD with AERONET AOD at two sites, the monthly means of AERONET AOD were almost lager than MODIS AOD. The annual cycle of angstrom exponent showed a springtime minimum associated with dust storm activity, maximum in summer. The higher AOD for Alpha<0.7 appeared in spring due to many of coarse mode dominated aerosol cases. The majority of alpha for AOD has a weak increasing in summer due to increasing of fine mode dominated aerosol. The fine mode AOD at a fixed alpha value varies strongly as a function of wave length, while coarse mode AOD has no connection with each wavelength. Fine mode AOD in spring and summer at Anmyon were slightly higher than those in autumn and winter. Coarse mode AOD in spring was considerably higher than those in the other seasons. On the contrary, fine mode AOD at Being broadly appeared in four seasons, while the trend of coarse mode AOD is similar to that at ANMYON. The higher values of MODIS and AERONET AOD in Anmyon occur during summertime, but PM10 concentration has the higher value in spring and minimum for in summer. This may result in frequent precipitations that are the most efficient removal process for atmospheric particulate. 

Key words: MODIS; AERONET; aerosol optical properties; surface concentration
Classification of Aerosol type from MODIS and OMI over East Asia

Jaehwa Lee, Jhoon Kim
(IEAA BK21 Program, Department of Atmospheric Sciences, Yonsei University)

Hee Choon Lee

(Forecast Research Laboratory, Meteorological Research Institute)

Toshihiko Takemura

(Research Institute for Applied Mechanics, Kyushu University)

Abstract

Aerosols affect the earth’s climate by scattering and absorbing radiation, and by altering the cloud microphysics. Since the effects of aerosols are different from the type to the other, aerosol type classification from satellite remote sensing is challenging. In this study, types of aerosol are classified into dust, sea salt, smoke plume, and sulfate by using aerosol optical thickness (AOT) and Ångström exponent (AE) of Moderate Resolution Imaging Spectroradiometer (MODIS) and aerosol index (AI) of Ozone Monitoring Instrument (OMI) data. The optical properties and types of aerosol are analyzed over the East Asia, one of the heavily polluted regions on the globe. AOTs significantly decrease from near-continent ocean to remote ocean in monthly climatology, and the maximum AOT is represented in June over the Northeast China, Korean Peninsula, and Japan. The distribution of AEs indicates that aerosols of anthropogenic as well as natural origin exist over both land and ocean in East Asia. The seasonal variation of AI is represented over the regions with latitude between 30°N and 40°N where the influence of Asian Dust is significant in dry season. Retrieved aerosol types by MODIS-OMI algorithm showed that the aerosols are considerably mixed, and represented seasonal variation over East Asia. The evidence of pollution transport is detected by aerosol classification, that is, the anthropogenic aerosol types are detected over ocean not only over land. Based on retrieved aerosol types, the frequency distributions of each aerosol type are analyzed in Beijing, Seoul, and Tokyo. Dust type aerosol is most frequently detected followed by mixtures of sea salt/sulfate at Beijing, whereas sulfate and sea salt/sulfate mixture is most frequently detected at Seoul and Tokyo, respectively. The frequency distributions of aerosol types are similar for both in 2005 and 2006, while the distribution showed considerable seasonal variations.
Key words: Aerosol, Classification, Satellite Remote Sensing
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Fig. 1. (a) Aerosol classification from MODIS-OMI algorithm, (b) MODIS RGB image, (c) dust AOT from SPRINTARS, and (d) dominant aerosol types from SPRINTARS on March 11th 2006. The aerosol types shown in panel (a) are sea salt (purple), sulfate (cyan), sea salt/sulfate mixture (blue), dust (yellow), smoke (red), dust/smoke mixture (orange), and uncertain type (green) and (d) are sea salt (purple), sulfate (cyan), dust (yellow), and black carbon and organic carbon (red).

MTSAT-1R AOD Retrieval Based on the Analysis of Aerosol Properties from the AERONET over East Asia

Yoon, J.M. and Jhoon Kim

(IEAA BK21 Program, Department of Atmospheric Science, Yonsei University, Seoul, Korea)
Abstract

Even though satellite measurements have advantages on temporal and special coverage, a ground-based measurement is more accurate than the satellite’s. The ground-based measurements such as the AERONET are very useful to verify the retrieval results from satellites and provide information to real condition which helps the construction of retrieval algorithms. Aerosol retrieval is largely affected by aerosol properties in addition to other assumptions in the retrieval algorithm. Ground-based measurements, the AERONET has provided extensive database on aerosol properties such as size distribution, single scattering albedo, phase functions, and the complex index of refraction which are converted from the radiance measurements. These aerosol properties, for many years over East Asia, are integrated and analyzed from the AERONET data with the aid of Mie code. AOD is retrieved from MTSAT-1R with the improved algorithm which is based on the aerosol properties integrated in this paper.
Key words: AERONET, MTSAT-1R, AOD, aerosol properties, Mie code
Results of Optical Remote Sensing Activities in Shapotou During the ADEC

Motoaki Yasui*a, Lichao Liub, Toshikazu Itabea , Tetsuya Takemic, Akihiro Uchiyamad, Akihiro Yamazakid, Jixia Zhoub, Kohei Mizutania
a National Institute of Information and Communications Technology, Japan, b Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences, China, c Disaster Prevention Research Institute, Kyoto University,  Japan;  d Meteorological Research Institute, Japan
Abstract

We performed optical remote sensing of desert troposphere by using elastic scattering Lidar, Laser Ceilometer, and Skyradiometer in Shapotou Desert Experiment and Research Station of Chinese Academy of Sciences (37º46'N，104º95'E, 1250m above sea level) during the Aeolian Dust Experiment on Climate impact (ADEC).  The ADEC was performed from 2000 to 2004 through Special Coordination Funds of the Ministry of Education, Culture, Sports, Science and Technology of the government of Japan.  

By the measurements, we clarified some aspects of vertical transport mechanisms of dust and temporal variation of dust amounts in the desert atmosphere.

The lidar measurements brought us new knowledge about vertical transport mechanisms of dust in the desert mixed layer.  Continuous measurements by the Ceilometer gave us some significant information related to the dust transport mechanisms in the surface layer and the boundary layer.  The Skyradiometer measurements gave us quantitative estimates of dust in the desert atmosphere.

In this talk, we summarize results of the remote sensing studies in Shapotou obtained in the period of the ADEC.
Sand/Dust Storms Over Northeast Asia and Associated Large-Scale Circulations in Spring 2006

Y.Q. Yang1, Q. Hou1, C.H. Zhou1, H.L. Liu1, Y.Q. Wang1, T. Niu1
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Abstract:

This paper presents a study on the meteorological conditions that accompany the sand/dust storms (SDS) of East Asia in spring 2006, based on the SDS data collected both by WMO during 2000-2006 and by 2,456 Chinese surface stations，and on the meteorological  reanalysis data from NCEP-NCAR . The evolution of 3-D structures of the general circulations prevailed in both winter and spring as well as their annual anomalies were investigated by comparing the years having most and least occurrences of SDS between 2000 and 2006. It is found that spring 2006 featured a noticeably increased occurrence of SDS, compared with previous years. The general circulations prevailed through both winter and spring, especially the 3-D structure of the polar circulation, show the significant anomalies compared to a normal year. This produced a range of corresponding weather phenomena, including circumpolar vortices at the upper troposphere, mid-level westerly jets, and lower zonal winds, which all favored the SDS production and transport in 2006. The study also reveals a fact that comparing with a normal year, the transitional period from the winter of 2005 to the spring of 2006 has witnessed a fast-developed high center at the upper troposphere of the northern hemisphere and the circumpolar vortex area, which pushes the area dominated by the circumpolar vortices further to mid-latitudes. The circumpolar vortices shifted southwards, and prevailed over an extensive area across the northeast hemisphere for a sustained period. The mid-high latitude areas that sit in the south of the circumpolar vortices in Asia have experienced significantly abnormal westerly jets at the mid-level of troposphere. Zonal winds prevailed at the mid and lower levels of troposphere. Sea level pressure registered an abnormal high at 4-10 hPa, compared with a normal year. The above-mentioned 3-D structures of general circulation have created thermal and dynamic conditions that favor the repeated genesis and momentous development of the Mongolian cyclones, which in turn contributes to the frequent occurrences and long distance transport of SDS. 

Key word: spring 2006, sand/dust storm events, large-scale circulation, 3-D structures
The Analysis of Springtime Sand Dust Weather from 2000Year to2006 Year of Inner Mongolia

Ha si1   Lan bin2   

(1 Climate Center of Inner Mongolia,Huhhot 010051;2Inner Mongolia hua de Meteorological Office，hua de 013350

Abstract
The article analyzed synthetically sand dust weather from 2000 year to 2006 year of Inner Mongolia. The results showed that the days and frequency of sandstorm presented evidently a reduced tendency of Inner Mongolia. There were four factors: (1) Clod air activity that affect sandstorm had reduced; (2) Climate warm made gale cold wave weather had decreased; (3) Snowfall was continual during last winter to early spring; (4) Desertification prevention and cure played an key role for reducing sand dust..

Key words: springtime, sand dust weather, synthetic analysis
The Research of the Technique About the Forecast of the Sandstorm in the Springtime of Hebei province

Shi yin-shan    Chi jun-cheng   You feng-chun  
(Hebei  meterological  observatory, shijiazhuang, 050021)
Abstract
Through the data of weather from 1961 to 2002 in 143 survey stations of the whole privince,we analyse the change character of the Sandstorm in seasons and years of the forties years in the springtime of Hebei province,and diagnose the abnormal phenomena of the atmospheric circulation situation on 500 hPa in the spring and winter the result indicate:the weather of Sandstorm is influenced by all kinds of climate factors in Hebei province. The frequence of Sandstorm in the springtime correlate preferably the lay of the atmospheric circulation on 500 hPa circumfluence.We bring forward several forecast methobs of the Sanstorm in the springtime of Hebei province in virtue of the rainfall in the springtime.

Key word: Sandstorm   characteristic   forecast
Recent Dust Outbreaks in the Taklimakan Desert and Their Relation to Land-Surface Condition

Heon-Sook Kim (Korean) and Kenji Kai (Japanese)

Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan

Abstract

This study investigates year-to-year variations in springtime dust outbreaks from the Taklimakan Desert over the period 2000-2005. A high frequency of dust outbreaks is recorded in 2001 and 2002, with many of these events occurring in April. The relation between the frequencies of dust outbreaks and strong surface winds in the Taklimakan Desert during the springtime shows a strong positive correlation; however, the results for 2003 defy this trend, with a low frequency of dust outbreaks despite the frequent occurrence of strong surface winds.

Over the 6-year study period, half of the dust outbreaks in the Taklimakan Desert occurred in association with surface wind velocities of less than 6.5 m/s, with data for 2002 making a large contribution to this result. When considering the results for 2002 and 2003 and the frequency of strong surface winds, it is clear that the threshold wind speed is higher in 2003 than in 2002. The difference in the threshold wind speeds for the two years suggests that the threshold velocity is affected not only by meteorological conditions but also by land-surface conditions.
The NDVI (Normalized Difference Vegetation Index) and NDWI (Normalized Difference Water Index) are analyzed as a proxy for land-surface conditions. In terms of the normalized difference in NDVI and NDWI between 2002 and 2003, the soil wetness is higher in 2003 than in 2002 within the Tarim Basin. The growth of vegetation indicated by high NDVI values for oases leads to a higher threshold wind speed and a negative effect upon the frequency of dust outbreaks. This suggests that a wet land-surface in 2003 caused an increase in the threshold wind speed.
Relationship between Dust Storm Frequency in northern China and Asian Dust Frequency Observed in Japan and the Associated Climatic Conditions

Shao-Fen Tian
(College of Humanities and Sciences, Nihon University)

Makoto Inoue
(Center for Climate System Research, University of Tokyo) 

Mingyuan Du
(National Institute for Agro-Environmental Sciences)

Abstract

Relationship between Asian dust frequency (ADF) observed in Japan and dust storm frequency (DSF) in northern China was examined with up-to-date long-term observational data. Possible climatic conditions associated with variation of ADF in Japan were also explored. It was found that DSF at stations in Inner Mongolia and its vicinity (IMV) and ADF in Japan behaved nearly parallel from mid 1970s. Significant positive correlation between DSF in IMV and ADF in Japan suggests that IMV has stronger influence on ADF in Japan than other dust source regions in the northern China.  Composite maps of SLP and 700 hPa wind vectors for extreme ADF years exhibited a spatial pattern with cyclonic anomalies over the area from Northeast China to north Japan and anticyclonic anomalies around Gobi desert in high ADF years. This situation corresponds enhanced cyclonic activities in Northeast China and intensified cold air outbreaks in IMV, which are favorable for formation of dust storms in IMV.

The stronger influence of DSF in IMV compared with other dust storm source area is probably partially explained by the shortest distance from Japan. The concentration of dust particles decreases with distance due to diffusion and deposition. Therefore, dust particles originating from IMV remain a higher concentration which is favorable to be recognized by manual observation when the other conditions are the same.
Key words: Asian dust frequency, dust storm frequency, Japan, Inner Mongolia, 
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Predictability of Tropical Cyclogenesis in the JMA Ensemble Forecasts – a Case Study of the 2004 Typhoon Season

Tetsuo Nakazawa

(Meteorological Research Institute, Japan Meteorological Agency)

Munehiko Yamaguchi

(Numerical Prediction Division, Japan Meteorological Agency)
Abstract

Using the JMA 9-day ensemble forecast data, we examined the predictability of tropical cyclogenesis over the western North Pacific during the summer of 2004, when ten recorded tropical cyclones landed on Japan and the Madden-Julian Oscillations are periodically strong with about two-month period. 

Result shows that the ensemble mean and spread give us useful information for tropical cyclogenesis over the western Pacific. 

Key words: JMA Ensemble Forecast, MJO, tropical cyclogenesis, western Pacific 
Boundary-Layer Wind Structure in a Landfalling Typhoon

Tang Xiaodong   Tan Zhe-Min
Key Laboratory of the Mesoscale Severe Weather/ Ministry of Education, and Department of Atmospheric Sciences, Nanjing University, Nanjing 210093
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Abstract

The asymmetry is found in both tangential and radial components of horizontal wind in the tropical cyclone boundary layer at landfall. For a steady tropical cyclone on a straight coastline at landfall, the magnitude of the radial component is greater in the offshore-flow side and the tangential component is greater over sea, slightly offshore, therefore the greater total wind speed occurs in the offshore-flow side over sea. The budgets analysis suggests that: 1) the greater surface friction over land produces the greater inflow and the nonlinear effect of the typhoon itself advects the maximum inflow downstream, and 2) the smaller surface friction over sea makes decrease of tangential wind component less than that over land. Moreover, the boundary layer wind structures in a tropical cyclone are related to the locations of the tropical cyclones relative to the coastline due to the different surface friction. During tropical cyclone landfall the impact of rough terrain on it increases, so the magnitude of the radial component of wind speed increases in the offshore-flow side and the tangential one outside the radius of maximum wind speed decreases gradually.
The azimuth of the maximum TBL total wind speed rotates anticyclonically with the increasing height when the typhoon is stationary on the coastline. The azimuth of maximum tangential wind speed shifts from the offshore flow over ocean at the low level to the onshore flow over land at the upper level. Outflow occurs over ocean and inflow does over land at low level. Outflow increases and inflow decreases at the upper level of TBL. And the azimuth of them changes little. The maximum updraft occurs over the land.

The landfalling typhoon vortex is often affected by the environment flow and increasing surface friction of the land. Before and during landfall, the motion effect makes the horizontal wind speed greater in the right-front quadrant at the low level of TBL, and the difference of the surface friction between land and ocean makes the secondary maximum horizontal wind speed offshore over the ocean. After landfall the maximum horizontal wind speed at the low level occurs in on-shore flow over the ocean near the coastline. The maximal horizontal wind speed at the upper level is on the right-front of the typhoon.

Development of the Idealized Typhoon Structure

In-Hyuk Kwon, Hyeong-Bin Cheong and Sung-Wook Park

(Department of Environmental Atmospheric Sciences, Pukyong National University,Korea)
Abstract

The 3-dimensional bogus typhoon was designed to better represent the real typhoon structure. We found that the wind structure which was generated by using Mathur’s (1991) empirical functions does not satisfy the gradient wind relation in the upper level. The new empirical 3-dimensional function was designed in order to obtain the wind in balance with geopotential. The new functions which use typhoon information from RSMC determine geopotential fields at any standard pressure level. The wind and temperature fields are obtained by using the gradient wind equation and the hydrostatic assumption from the geopotential field, respectively. To consider surface frictional effects, the time integration of the axisymmetric model which uses horizontal momentum equation including viscosity term caused the acceleration of the radial velocity, but also deceleration of the tangential velocity at low layers. The idealized typhoon from these procedures is very similar to the structure of typically observed typhoon. The primitive equation model which uses double Fourier series (DFS) spectral method was operated by using idealized typhoon as a model initial data. Then, it simulated vertical velocity and secondary circulation including the azimuthal flow in higher atmosphere realistically.
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Abstract

A heavy rain event resulting from the interaction between a landed tropical depression (TD) and its adjacent mesoscale vortices is studied. Generation and merging processes of these mesoscale vortices around the TD are examined through observations and numerical simulations. Analyses of the environmental wind shear, the energy propagation vector, and other environmental conditions suggest that the eastern part of the TD is on the downshear left side with energy dispersion to the east. The air in the east also has higher relative humidity and potential temperature so that the large-scale environment is quite favorable for convection to be organized. A diagnosis of the potential vorticity (PV) equation shows strong interaction between the TD and the newly-generated vortices. A newly-generated vortex finally replaced the TD due to horizontal PV advection. The PV advection and diabatic heating terms become primary sources of PV for the mesoscale vortices generation and development of the east.

These newly-generated mesoscale vortices move cyclonically and approach close to each other under the effect of the cyclonic circulation associated with the remnants of the TD. Due to PV advection, two vortices finally merged and the weakened TD began to be reintensified, which directly causes the beginning of heavy rain.
Signal Propagating Characters of Denial Experiments for Targeted Observation
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Abstract
There are many experiments and papers about the impact of targeted observations. And also some denial experiments have been done, namely, removing all data over a region. So we can know what the impact of the targeted observations by denial experiments. Up to now, all those denial regions are some large ones, especially, oceans, but not targeted area, or other small areas. If we want to interpret the impact of the targeted observations exactly, the denial experiment removing all types of observations from sensitive area or targeted area should be done, and also the experiments removing data from random area and Atlantic have been done, so as to compare the results of different experiments to properly interpret the impact of targeted observations. 
The aims of this paper are to find to what synoptic systems forecast errors are related and how they propagate. Also the physical reasons for forecast errors being produced and propagating are discussed. Some results are listed below.

Most errors locate at trough, ridge, especially at vortex, cyclone. In general, errors develop easily at middle and high latitude, but difficultly at tropical district. Strong tropical storm is sensitive to forecast error. The forecast circulation may be more zonal and weaker than actual circulation. ET has s large influence on the simulation. Also on jet the forecast errors will enhance quickly. We find that the forecast of Atlantic experiment is the worst, and the forecast of sensitive experiment is worse than that of random experiment.
As to the signal (the negative impact of removing all oceanic data) propagation, there are also some interesting results. Tropical cyclone is very sensitive to the denial experiment, and the signal(forecast errors) first appears at tropical storm Pabian. So, initial data is very important for tropical cyclone forecast. After emerging in Fabian, the signal will propagate northward and eastward like the propagating way of Rossby wave envelope, and mostly along the jet. Furthermore, if the jet splits to be two ones, the signals will propagate along the two jets respectively. So, the jets seem to be wave guide. At the same time, these jets themselves will move along with the synoptic systems in which they locate. When the signal propagates to the jet it will enhance quickly. On the upper troposphere, the most differences locate at the jet. But on the low troposphere or surface, most differences are related to low synoptic systems such as trough, vortex and cyclone. It is difficult for those propagating signals to cross high synoptic systems such as ridge, anti-cyclone. The highly stable conditions in these high systems may be the main reason.

The signal of random experiment is smaller than that of sensitive experiment, but that of Atlantic experiment is the largest, which confirms that extracting all data from whole Atlantic has much negative influence on forecast results.

We may conclude the most crucial point that most signals (forecast errors) and their propagation are related closely to all types of instability.
Keywords: Targeted Observation, Denial experiment, Instability, Rossby wave
The Capacity and Preliminary Improvement of Cumulus Parameterization on Typhoon Numerical Prediction*
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Cumulus parameterization defines the sub-grid scale convective activities in a numerical model and is crucial for typhoon numerical prediction. In this study, according to three typical typhoons made landfall at East China in 2006, 15 numerical experiments were implemented with three of the most popular cumulus parameterization schemes, namely, Kain-Fritsch, Betts-Miller and Grell for evaluation. It is concluded that Kain-Fritsch scheme is more stable and appreciable in heavy rainfall and track prediction. While admitting its advantages, it is also identified that Kain-Fritsch scheme is necessary to be improved in the case of weak environmental forcing. Particularly, the parameterization of convective parcel’s temperature perturbation with environmental vertical velocity in convective trigger function is not so robust, which is applicable only when the prerequisite of moisture transportation is satisfied. To alleviate this deficiency, spatial temperature anomaly as well as the effect of moisture advection were taken into account in determine convective parcel’s temperature perturbation, where the contribution from boundary layer heat and moisture flux is treated explicitly. Contrast with the original scheme, this technique can eliminate the convective instability more effectively and in favor of the rainfall simulation. 

Key words: Cumulus Parameterization; Typhoon; Numerical Simulation
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Effect on Terrain to Heavy Rain of Landing Tropical Cyclone 0604“Bilis” 
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Abstract
Landing By Tropical Cyclone 0604 “Bilis” ,the heavy rain occurred in the most south area of China,especially in the southeast side of Hunan province. precipitation intensity, long maintenance and concentrative period of time, big precipitation area and uneven spatial distribution were the characteristic of this heavy rain event, the daily precipitation amount in 18 hours of the yongxing observation station was up to 350 mm. so brought huge disaster and many people died.
Using NCEP reanalysis data and observational data, the causation of Heavy Rain in landing Tropical Cyclone 0604 “Bilis” ，particular in the southeast side of Hunan was analysed. The results shows that ,in the circulation condition of landing Tropical Cyclone, the heavy rain in South China is related with a shear—trough at south side of the cyclonic circulation and a “moisture frontal zone” between a dry stream and a wet stream.But the heavy rain in the southeast Hunan is immediately related with the terrain of Luoxiaoshan mountain range. The terrain-forced ascending motion and its triggering heavy rain don’t occurred on the hillside, but on the plain zone in upstream of the mountain range. This fact can be well explained by using Pierrhumbert’s theorem.
The Characteristics of Atmosphere-Ocean Interactions Along North Atlantic Extratropical Storms Tracks* 
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Abstract

This study explores the characteristics of the air-sea interactions and extratropical storm development under different storm tracks in the North Atlantic during the autumn. Simulations were performed with a relatively fine resolution coupled atmosphere-ocean model. The coupled model consists of the Canadian Mesoscale Compressible Community (MC2) atmospheric model coupled to a recent version of the Princeton Ocean model (POM). Atmospheric boundary conditions for simulations of autumn storms are given by simulations of the Canadian Climate Centre model, CGCM2 (Second Generation Coupled Global Climate Model), following the IPCC IS92a scenario conditions. The CGCM2 control conditions were obtained from simulated years 1975-1994. The results show that interactions between extratropical storms and the upper ocean are effected mainly by the vertical structure of the ocean, and related latent and sensible heat fluxes across the air-sea interface. Three types of numerical storm experiments are conducted, corresponding to storms that (i) make landfall, (ii) move along the coastline without making landfall, and (iii) remain over the open ocean. The results suggest that the maximum storm-induced sea surface temperature cooling is dominated by characteristics of the thermostructure of the ocean temperature the mixed layer depth, the thickness of the underlying cold water, the temperature gradient between the mixed layer and the thermocline layer, the storm intensity, and the low level subtropical atmospheric high system. The upper ocean can reduce storm intensity by as much as 4-5 hPa in the minimum sea level pressure (MSLP), or about 2-4 ms-1 in surface winds. The impacts of the ocean on the atmosphere depend on different storm tracks. The impacts are the most notable in the lower atmospheric boundary layer, but can extend to the top of the troposphere.
Frequency of Intense Hurricane Landfall over Vieques Island of Puerto Rico During the past 5000 Years 
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Abstract

The very limited record makes extensive analyses of the natural variability of tropical cyclone activities difficult in most of the tropical cyclone basins.The reasonably reliable records of the North Atlantic can only be use to reseach multidecadal variability of Atlantic hurricanes, but there is no clear evidence of long-term trends, especially for centennial and millennial variability.Using the records of sediment cores from a Caribbean lagoon,the frequency of intense hurricane landfalls  in Vieques island of Puerto Rico during the past 5000 Years is examined. The record indicates the frequency of hurricanes making landfall each year is used to form a time series. To reduce the level of uncertainty in the records, two other series are also formed, using 25- and 50-year smooth. Application of wavelet analysis techniques to the three series suggests that the frequency of intense hurricane landfall have centennial and millennial oscillations, the most significant being around 600–700 years and 2000–2500 years, respectively. Furthermore, the period of oscillation appears to change with time.
Research on Climate Characteristics and Physical Factors of Rainstorms at the Rear of Typhoons in Fujian Province
Zhu yanping1,2  Ma changing1  Liu aiming1  Wang shigong2
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Abstract

In this paper，based on the past year typhoons data by China Meteorological Press, the typhoons between 1961 and 2006 is investigated in the field from 20ºN to 28ºN and from 114ºE to 125ºE. By analyzing the precipitation data, we found the rainstorms at the rear of typhoon in Fujian province and then summarized.the climate characteristics. The rainstorms at the rear of typhoon in Fujian province are often happened at the Daiyu Mountain which is in middle-south in Fujian province and some special landform in the east of Bopingling Mountain. Southeast in the Fujian province is the most occurring district that its wind from south and southwest in upper layer brought the cloud from seas to southeast of Fujian.

Following, using bilinear interpolation we can transform from NCEP 1˚×1˚ data  to 0.6˚×0.6˚ final analysis data, we calculated the circumstance and physical factor of typhoons by the MM5 mode. We classified the typhoons between 1961 and 2006 which are rainstorm and non-rainstorm at the rear of typhoon in Fujian province. Then we separated and compared with these factors of the two sorts in the circumstance and physical factors and concluded some results. In the cases, a closed low-pressure cyclone exists in the north of South China. The height of the low pressure center and the height in the Fujian province in the cases of rainstorms are lower than those of non-rainstorms. The jet partial to the south at the low-lever exists from the coast of Fujian to Taiwan Strait. Those low-lever jets make water vapor, thermal transport and convergence ascending motion strongly. The rainstorms at the rear of typhoon needs some exponents such as: (k), specific humidity (q), water vapor flux (qf), the difference between the temperature to dew-point temperature (t-td), the pseudo-equivalent potential temperature, the vortex (vor), and the vertical speed whose value are bigger than some standard. 

In conclusion, this article firstly defined the rainstorms at the rear of typhoons in Fujian province and analyzed the climate characteristics, the circumstance, the dynamical and thermal factors characteristics in detail. Those can help meteorologists and forecasters know about the occurring and developing ruler of rainstorms at the rear of typhoons in Fujian province in all sides. At the same time, by the MM5 mode we calculated all the rainstorms at the rear of typhoon in Fujian province between 1961 and 2006. Firstly through fifteen years numerical products of high differentiation quotiety, we analyzed the physical factors diagnoses rainstorms at the rear of typhoons in Fujian province and found a few new ideas. 

Key words: Typhoon rainstorms of the rear； Contradistinctive analysis
Increasing Intensity of Typhoons Made Landfall Over the Korean Peninsula
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Abstract

Tropical cyclone (TC) best track data from Joint Typhoon Warning Center (JTWC) and Regional Specialized Meteorological Center (RSMC) during 1951-2005 have been analyzed to investigate long-term intensity variation of typhoons made landfall over the Korean peninsula (KP). It is found that the central pressure of TCs made landfall over the KP is decreasing during 55 years persistently. The same trend is also found in the reliable data for only recent 20 years. The linear regression results reveal that the pressure of landfall TCs has been dropped by 24 hPa averagely since 1970. The cause of the intensity variation will be discussed.

Both track and intensity analysis for landfall TCs over the KP shows that their intensities are strongly influenced by oceanic conditions along the storm’s track. TCs passing through the South Sea in the eastern side of Jeju Island are much intensified than those passing through the Yellow Sea in the western side of Jeju Island. This seems to be because the warm oceanic currents in the South Sea play a positive role to the storm intensification while the Yellow Sea Bottom Cold Water (YSBCW) gives a negative feedback.
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Estimating Tropical Cyclone Precipitation from Station Observations
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Abstract
In this paper, an objective technique for estimating the tropical cyclone (TC) precipitation from station observations is proposed. Based on a comparison between the Original Objective Method (OOM) and the Expert Subjective Method (ESM), the Objective Synoptic Analysis Technique (OSAT) for partitioning TC precipitation was developed by analyzing the western North Pacific (WNP) TC historical track and the daily precipitation datasets. Being an objective way of the ESM, OSAT overcomes the main problems in OOM, by changing two fixed parameters in OOM, the thresholds for the distance of the absolute TC precipitation (D0) and the TC size (D1), into variable parameters. 
Case verification for OSAT was also carried out by applying CMORPH (Climate Prediction Center MORPHing technique) daily precipitation measurements, which is NOAA's combined satellite precipitation measurement system. This indicates that OSAT is capable of distinguishing simultaneous TC precipitation rain-belts from those associated with different TCs or with middle-latitude weather systems.
Key words: tropical cyclone precipitation, the Original Objective Method, comparison analysis, the Objective Synoptic Analysis Technique
An Observational Analysis of a Torrential Rain Caused by a Landfalling Typhoon 
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Abstract
By the landfalling Typhoon Haitang and eastward propagating frontal systems，torrential rains appear near Handan and its adjacent area from the evening of Jul 21st to the morning of Jul 23rd, 2005. By analyzing synoptic features, characteristics of water vapor transportation, evolution of FY2-C ultra-red satellite images and stratification features, the cause of the torrential rains is discussed. The results show that，interactions among the tropical low, stable subtropical high and troughs on 500hPa leads to the torrential rains. Cold air masses propagate southwards from middle and high latitudes and meet with the warm and moist air masses transported by the tropical low, then the latter are lifted by its cold counterpart and the Taihang Mountains and mesoscale convections generate in the vicinity of Handan. The analysis of wind vectors from automatic surface observations shows that the mesoscale convergence line between the northerlies and the easterlies in lower troposphere is very important to the torrential rains, which determines the locations and timings of the torrential rains. The water vapor supply of the torrential rain in the western part of Handan is mainly from South China Sea and East China Sea, while the supply in the eastern part of the city is mainly from South China Sea. At last, simple stratification analysis shows that convective instability and conditional symmetric instability may co-exist above the torrential rain zones, which provide instable energy for the torrential rains.
Key words: tropical low, torrential rains
Wind Field Decomposition of Typhoon Shanshan (200613) with Data of GPS–Dropsonde
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Abstact
Due to potential value of data of GPS–dropsonde,Taiwan District and Hurricane Research Center (HRD) (NOAA), National Center for Environment Prediction (NCEP) and so on started a joint project“Dotstar plan”,which aims at obtaining temperature, humidity, barometric pressure and wind speed at every height from upper air to sea level .By throwing down GPS–dropsond around typhoon circulation. In this paper, Typhoon Shanshan (200613) is simulated. The initial field is obtained by the 3-D variational data assimilation system (WRF-VAR(v2.1)), using NCEP  reanalysis data (at 00 September 14, 2006 (Universal Time), resolution: 1°×1°) as the background field, and data of GPS–dropsonde at 18 sites provided by Professor Wu C. C.( Department of Atmospheric Sciences,Taiwan University),and conventional observational data. Then, WRF nesting model (v2.1.2) (horizontal resolution of nesting region:6 kilometers) is  integrated for 48 hours, and physical quantities are output every 3 hours We are concerned with characteristics of flow structures of Typhoons, and the double variational method is applied. First, the typhoon flow field is decomposed into two parts: the maximum asymmetric vortex and irrotational environmental flow field; and then, the maximum asymmetric vortex is also decomposed into two parts: the maximum symmetric vortex and 
[image: image68.wmf]b

- gyres. Finally, Typhoon Shanshan (200613) is simulated by WRF（Weather Research and Forcasting Model）, and flow fields at various times at 500 hPa are decomposed by the above method. It turns out that the decomposed flow fields are useful for researches on motion and track prediction of typhoons.
The Composite Analysis of Eight Typhoons in 2006 Using COSMIC Data
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Abstract

COSMIC radio occultation (RO) soundings can provide retrieved temperature and moisture profiles with high vertical resolution over the ocean. The purpose of this study is to examine the thermodynamic structure of typhoons using the retrieved temperature and moisture profiles from COSMIC. Eight typhoons in 2006 are collected and analyzed with composite analysis methods. The features of the mean parameter profiles, such as temperature, dew point temperature, pseudo potential temperature and relative humidity, are revealed in the three stages during the typhoon evolution and in three zones of typhoon area, especially in near typhoon center zone. The main results include the translation of a cool core at the tropopause from typhoon center to outside during the typhoon evolution; the characteristics of the atmospheric stratification stability near typhoon center and the feature of the vertical variation of the relative humidity in different zone and different stage of the typhoon. The comparison with the Global Forecast System (GFS) data shows the merits of COSMIC data to analyze the thermodynamic structure of typhoons, especially in the zone of near typhoon center.
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Abstract

A set of transmittance coefficients of IRAS (InfRared Atmospheric Sounder), MWTS (MicroWave Temperature Sounder) and MWHS (MicroWave Humidity Sounder) used in RTTOV7　has been build by multivariate linear regression analysis in line-by-line radiative transfer models. Comparison of 43 profiles of the channel radiance from these line-by-line models and those from RTTOV7 shows that bias are less than 0.7K for all the 20 infrared channels of IRAS and are less than 0.3K for all the 9 channels of MWTS and MWHS. 

With RTTOV7 and the new transmittance coefficients, a new satellite data assimilation module has been set up to directly assimilate VASS (Atmospheric Vertical Sounding System) radiance of FY3 into GRAPES 3DVar system. Because the radiance bias of infrared channels are less than 3K while those for microwave channels are less than 0.03K between ATOVS and VASS, quality control of the radiance and bias correction to simulated VASS radiance have been introduced in terms of ATOVS radiance assimilation. Radiance of ATOVS have been use to generate VASS radiance based on the spectral characteristics of the VASS instruments in a typhoon case. Then, new initial temperature, water vapor and wind fields for GRAPES model can be produced by directly assimilating these VASS radiance. Numerical tests show positive effect on typhoon track prediction by using those satellite data in GRAPES.
A Statistical Model for Prediction of the Tropical Cyclone Activity over the Western North Pacific 
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Abstract

A statistical model for prediction of the tropical cyclone activity has been developed and applied to the western North Pacific.  It aims to predict the number of tropical cyclones and the overall tropical cyclone activity index over a certain period.  The model is based upon the regression analysis.  The predictors for the regression model is obtained by examining the lag correlations between the predictands and the synoptic variables such as the sea surface temperature, the 850 mb temperature, the 500 mb geopotential, etc.  The difference between the conventional regression model and the current model is that the former is simply the best fit of the past data but in the latter we select the combination of the predictors that yields the best prediction performance in the past among all possible combination out of all potential predictors.  We call them the smart predictors.  Predictands in this study are the number of total tropical cyclones over the whole year, over the three summer (June-August) or fall (September-November) month period. 
It is found that the performance of the model has been successful in the seasonal prediction of the number of tropical cyclone over the western North Pacific.  Especially the predicted results for the tropical cyclones that will affect Korea are delivered to Korea Meteorological Administration and thereby served as guidances when producing the official forecast for the tropical cyclone in the three-month seasonal outlook. 
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Is Beta-Gyre Real?
Sun-Hee Kim and H. Joe Kwon
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Abstract

The availability to use current theories related with the dynamics of tropical cyclone(TC) motion is investigated by applying those theories to the real data sets such as TCM-90 final analyses and GFS(Global Forecast System) numerical model - analysis and forecast - fields.  First, the relationship between a TC motion and environmental steering current is investigated through RBA(Radial-Band average) study.  The RBA study using real data sets reconfirms the current theory that TC generally moves to the left of and faster than the environmental steering current.  And then, the beta-effect related with the secondary circulation is studied not in the idealized barotropic model but in the real data sets.  After separating a total field into a TC and large scale environmental field by a spatial low-pass filtering, the TC field could be separated into a symmetric and asymmetric component.  The important features such as the beta-gyre and ventilation flow are revealed in the asymmetric field.  However this secondary circulation related with the beta-effect is revealed only in the numerical model fields, not in the TCM-90 field.  Because an early asymmetric circulation developed by a linear beta-term is developed and maintained by non-linear beta-term while the numerical model is running.  The beta-gyre and ventilation flow are formed by interaction between symmetric and asymmetric circulation during the accomplishment of the numerical model.  And this secondary circulation rules the TC movement which TC generally moves to the left of and faster than the environmental steering current.  As a result of this study, it seems to be quite appropriate that applying the current theory about the dynamics of TC motion to the real data set such as the GFS numerical model output.

Key words: tropical cyclone(TC), beta-effect, beta-gyre, ventilation flow, symmetric and asymmetric circulation
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Analysis on Tropical Cyclone “Mindule” Using Amsu-B and Goes-9 Satellite Data
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Abstract
The methods to detect the deep convective clouds in the tropical cyclone using NOAA-16/AMSU-B water vapor channel microwave brightness differences and using GOES-9 infrared brightness thresholds of cloud top temperatures are presented, and the classification of clouds in the tropical cyclone applying with visible/infrared/water vapor spectral features are identifed. By analyzing typhoon “Mindule”, the deep convective clouds in the tropical cyclone are investigated. 
The results according to the thresholds for the brightness temperature differences between the three water vapor channels T17>T13>T37>0 as criterion to detect deep convective clouds show that the deep convective clouds are distinguished effectively, which is aroused by the different sounding features of three water vapor channels whose weighting brightness temperatures come from different heights -high middle low, the farther is the frequency from the center, the larger is the brightness temperature depression, and the cirrus clouds have little effects on the three channels. The positive areas of T17>T13>T37>0 are coincident with the deep convective clouds around typhoon eye and the cellular cloud wall are shown obviously, the strong differences lies in the cloud wall, which demonstrate the cumulonimbus clouds develop deeply and the intensity of typhoon is strong.

The different thresholds of infrared brightness temperatures are selected −65°C，−58°C，−43°C，−40°C to detect deep convective clouds. The results show that it is difficult to distinguish deep convective clouds and cirrus clouds if only the methods based on infrared temperature thresholds even though the colder threshold is checked, the cirrus clouds overlap the overshooting cumulonimbus clouds, the threshold -65°C undistinguish the deep clouds from the cirrus clouds, while the deep clouds in the northwestern regions of typhoon. The threshold -58°C can give the reasonable detection results of deep clouds.

The visible albedo is the effective spectral features of identifying cirrus clouds and cumulonimbus clouds , which the cirrus clouds have little aldebo and almost transparent in the visible images. The results of multi-spectral cloud classification show that the mixing discrimination of cirrus and cumulonimbus clouds is not enough to identify clearly, which are coincident with those of threshold-58°C of infrared brightness temperature.

Comparing the detection results of microwave with those of optical remote sensing, the results show that the microwave image and optical image can identify deep convective clouds in the tropical cyclones, while the area of microwave detection are smaller than those of optical images, which is aroused by remote sensing characteristics of that optical remote sensing get the information from the cloud top, but the microwave sensing can transport the clouds and has advantages in the studies on deep convective clouds.
A Numerical Simulation on a Storm Surge Caused by Typhoon

Yang Xiaojun  Lv Jiangjin  He Qunying  Wang Ying

(Tianjin Meteorological Office, Tianjin, 300074)

Abstract

The occurrence of storm surge has intimate relation with meteorological factors, but the impact of the oceans also can not be ignored. So putting atmospheric parameters into the ocean mode and calculating the water elevation caused by storm surge objectively is a more scientific and rational prediction method. By use of the NCEP reanalysis data and mesoscale numerical weather prediction model-MM5V3.7, the weather process of Bohai Sea storm surge on August 8th, 2005 caused by the tropical storm—the weakened No. 9 typhoon "Matsa", was simulated. And the forecasting field of meteorological elements (wind and pressure fields), which was related to the occurrence of storm surge, was acquired. Then input them to the HAMSOM (Hamburg Shelf Ocean Model) and simulate this process of the Bohai Sea storm surge in order to get the grid field of water elevation. Compare the observational water elevation in Tanggu, Jingtanggang with the simulated water elevation to analyse the confidence of the model. By sensitivity tests, find the most suitable stabilization period of the HAMSOM to make the results of the simulation closer to the fact. The results show that: (1) It is feasible to calculate the storm water elevation objectively and quantitatively with the combination of atmospheric and ocean models. HAMSOM can simulated the water elevation of the whole storm surge process caused by typhoon. (2)The results of the simulation for the western Bohai Sea (west 120
[image: image69.wmf]o

E) is much better. It’s more suitable for the western Bohai Sea. (3)Tht simulation on water elevation of the peak hours period in Tanggu and the entire process in Jingtanggang is closed to the actual situation. The absolute error are less than 15cm. (4) When the stabilization period of HAMSOM is three days, the accuracy that the HAMSOM simulates the high water elevation in Tanggu and Jingtanggang is higher ,and time is basically synchro. HAMSOM has forcasting significance for storm surge.
Key words: storm surge caused by typhoon, MM5, HAMSOM, numerical simulation
Diagnostic Analysis of Heavy Rainfall of Two Typhoos Trough Affecting Henan Province

Fan Xuefeng   Wu  Zhen

(.Henan Meteorlogical Observatory ; Zhengzhou,450003)
Abstract
Based on the conventional meteorlogical data as well as NCPE/NCAR grid 1°x 1° reanalysis data,the processes of the typhoon 0418 trough and the typhoon 0505 trough are diagnosed and compared.The result shows that the interaction between  tropical cyclone trough and weak cold front in the westerlies caused a heavy rainfall in henan province,it has obvious interacting characteristics between the two weather systems.The low-level southeast jet accompanying the typhoon trough transports a plenty of heat and moisture for the heavy rainfall.The weak cold air intrudes the area of the inverted trough from low-level MPV1V>0 and MPV2<0 of low-level were characteristic storm rainfall area,which is a good denotation of this kind of  rainstorm.Downwards mpving of the upper level potiential voticity is advantageous to releasing of the unstable energy,and causing the increasing precipitation.The rapidly strengthening trend of the value in positive center of the vertical helicity at lower level during the rainstorm can dictate the place of inverted trough and reflect the position and intensity of heavy rainstorm.

Key Words: typhoon heavy rainfall wet potential voticity vertical helicity
Segmentation of Typhoon Cloud Image by Combining Fractal Features with Continuous Wavelet Transform

Changjiang Zhang

College of Mathematics, Physics and Information Engineering, Zhejiang Normal University, Jinhua, China

Email: zcj74922@zjnu.cn
Abstract:
A kind of algorithm to segment typhoon cloud image is proposed. In order to reduce the computation burden to segment the whole satellite cloud image, fractal feature of the typhoon cloud image is used to recognize the typhoon center dense cloud region so that an initial segmentation region (ISR) including typhoon cloud series can be determined. Morphological operator and median filter are used to reduce latitude lines and amplitude lines in the ISR so as to obtain the pre-processed ISR (PISR). In order to reduce the effect of noise in the satellite cloud image, Bezier curve is used to smooth the histogram of ISR. An optimal initial segmentation threshold is determined from multiple thresholds obtained from Bezier histogram. The optimal threshold is used to segment the PISR. The maximum region in the segmented PISR is selected as region of interest (ROI). Other small cloud masses are reduced by the method. We replace the ROI with the original typhoon cloud image to obtain the segmenting ROI (SROI). Again the Bezier histogram is used to smooth the noise in the histogram of SROI. In order to accurately detect the peaks and valleys in the curvature curve of the Bezier histogram, continuous wavelet transform is used to accurately recognize the location of peaks and valleys. We will obtain multi-segmented images at different scales. A criterion is employed to select an optimal segmentation scale. Finally, the whole typhoon cloud series is accurately segmented by the method. Experimental results shows that the proposed algorithm can efficiently segment the typhoon cloud series from the satellite cloud image. The new algorithm is better than Olivo method and H.Q. method.
The “7.15”Flood Analysis in the Middle-South of Fujian Province After 0604 Severe Tropical Storm “Billis” Landing

Ma changing   Zhu yanping   Liu aiming

(FuJian Meteorological Observatory,FuZhou,350001)

Abstract
We analyzed the durative rainstorms which the rear cloud effected the area of Fujian province after 0604 severe tropical storm “Billis” landing at the Fujian province. We found that “7.15” rainstorms which is the most strong in the durative rainstorms brought flood, sparry flow and hills coasting.

Continental high-pressure and western Pacific high-pressure were very strong and steady. Severe tropical storm of 0604 “Billis” localized in the north of South China by the baring of continental high pressure. The middle-south of Fujian province located the convergence area of the low pressure cyclone at the outer. During the period the water vapor came from two currents. One is southwest airstream, which comes from cross-equatorial flow and the Bay of Bengal flow, anther is southeast airstream, which comes from the southern side of western Pacific high pressure. From South Sea to South China there were large southwest jet range .The strength of southwest jet is much stronger in the effected period than the average of its histories at the same time evidently. There were mesoscale jet nuclear in the evening of “7.15” where southwest wind speed reached 18m/s at the lever of 850hPa.The middle-south of Fujian province located the convergence area of the low pressure cyclone at the outer. There were convergence area in the low lever and divergence area in the upper lever of the middle-south of Fujian province and the east of Guangdong province. Because there located the south side of South Asia high where which is northeast divergence airstream in the upper lever of the rainstorms area.

Key words:  flood   0604“Bills”   southeast jet
Interactions Between the Tropical Cyclone and the Baroclinic Flow

Fang Juan

The Key Laboratory of Mesoscale Severe Weather，Nanjing University

Abstract

The poleward movement of a tropical cyclone usually initiates complex interactions with the middle latitude environment and then results in strong winds and large amounts of precipitation in the region of the tropical cyclone. To understand the impact of baroclinic flows on the evolvement of tropical cyclones and the modifications of the tropical cyclones on the middle latitude environment, a series of ideal numerical experiments are performed. By simply representing the midlatitude flow regime as a straight jet, two sets of numerical experiments are performed. One is designed to discuss the evolvement of the tropical cyclones, which are in different developing state when they impinge on the baroclinic flow. Another is carried out with the intention to study the interactions between the tropical cyclone and the baroclinic flows with different structures. 

It is found that the strong tropical cyclone is more easily to be weakened by the vertical shear, while the weak tropical cyclone can remain its intensifying tendency for a relative long time in the baroclinic environment. The strong tropical cyclone is usually in or near its mature phase, the energy used to fuel the system is almost balanced by the dissipation. So, as the strong tropical cyclone moves into the baroclinic flow, there is no more energy to offset the negative impact of the baroclinic flow and the system tends to be weakened shortly after it interacts with the baroclinic flow. However, as the tropical cyclone is in its developing stage, the energy it obtained is larger than that dissipated and the residual energy can be used to offset by the redundant energy to offset the effect of the baroclinic. As a result, the system will keep its developing tendency for a relative long time before it begins to decay. 

During the poleward movement of the tropical cyclone, the baroclinic flow is greatly modified. One of the prominent features is a jet streak forming in the region where the outflow of the tropical cyclone impinges on the jet. As the decaying tropical cyclone moves into the right entrance region of the jet streak, rapid re-development of the system usually takes place. The numerical results also indicate that, under the condition that the straight jet is strong, a PV anomaly may be initiated in the front of the poleward-moving tropical cyclone. As it happens to lie beneath the right entrance region of the jet streak, a surface cyclogenesis may happen. In this case, the new cyclone develops fast and the original cyclone associated with the tropical cyclone can not undergo the re-development process and finally dissipates.
Effects of Surface Conditions on Landfalling Typhoons
Kun-Young Byun, Yoon-Jin Lim, Tae-Young Lee, and Nam-San Cho
(Laboratory for Atmospheric Modeling Research, Global Environment Laboratory/

Department of Atmospheric Sciences, Yonsei University, Seoul, Korea)

Abstract

A study showed that the number of typhoons passing over the Korean Peninsula has increased since the 1990s. The 10 largest damages in South Korea were caused by landfalling typhoons over the Korean Peninsula. Typhoon intensity is affected by surface feedback mechanisms both over land and water. Therefore, the focus of this study is the influence of surface conditions on landfalling typhoons in numerical simulations.
Numerical integrations using the Weather Research and Forecasting (WRF) model are performed to study the effects of surface conditions on landfalling typhoons. Two typhoons (Typhoon Ewiniar on June 2006 and Typhoon Rusa on August 2002) landfalling over the Korean Peninsula are investigated here. The different values of soil moisture, soil temperature and roughness over land surface are used as initial surface conditions in these sensitivity tests. The amount and distribution of precipitation for Ewiniar case are significantly affected by large variation of soil moisture. The experiment with the initial soil fields derived from KLDAS (the Korea Land Data Assimilation System), which was constructed to improve surface initial data over East Asia, is also carried out to examine the dependence of typhoon simulation on the initial soil conditions.
Key words: landfall, typhoon, numerical simulation, surface condition, KLDAS
The Contradistinctive Analysis of Influence of Tropical Cyclones of BILIS and SEPAT on HU NAN

Li Chao   Liao Yufang   Zhao fuhua   Duan lijie

（Hunan Climate Center，changsha，410007）
Abstract
The degree of influence of the 4th strong tropical storm BILIS of  year 2006 and the 7th strong tropical storm SEPAT of  year 2007 on HU NAN was analyzed in this paper, the influence of SEPAT was bigger than BILIS on rainfall duration ,area ,amount and the biggest continuous rainfall ,but the biggest daily precipitation appeared in the process of BILIS .The multinomial rainfall indexes of  SEPAT were bigger than  BILIS  in SI CHUAN drainage area ,but the influence of BILIS on XIANG river drainage area was bigger than  SEPAT .And the facts that the number of total counties and cities that suffered flooding in SEPAT was bigger than that in BILIS ,but the expense and death toll were much smaller and so on were discovered too. A beneficial way to evaluate the influence of tropical storms on HU NAN, and the important effect of accurate foreshadow, the preparation forward, and the scientific decision were provided in this paper.

Key words: BILIS； SEPAT； HU NAN province； severe rainfal；flooding
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