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1.
Meteorological Assessment   
From 1 October 2007 to 31 October 2008, total 28 tropical cyclones (TCs) including tropical storms, severe tropical storms, typhoons, severe typhoons and super typhoons), formed over the Western North Pacific and the South China Sea (Figure. 1.1). 10 TCs formed from 1 October to 31 December 2007, out of which 1 made its landfall on China and 3 TCs affected China’s coastal waters without landing on China’s coastal areas. They were super typhoon Krosa (0715) and typhoon Peipah (0721), typhoon Mitag (0723), typhoon Hagibis (0724) respectively.
In 2008, 18 tropical cyclones formed over the Western North Pacific and the South China Sea. The number was obviously less than the average (23.56) during the same periods from 1949 to 2007. And 10 TCs developed into typhoons or beyond, which accounted for 55.56% of the total. The percentage was less than the average (61.51%). During the same period, 4 TCs formed over the South China Sea. The number was nearly equal to the average (3.98). Moreover, 10 TCs made their landfalls over China’s coastal areas, and all of them were above the intensity of a tropical storm. They were typhoon Neoguri (0801), typhoon Fengshen (0806), typhoon Kalmaegi (0807),severe typhoon Fung-wong (0808),severe tropical storm Kammuri (0809), typhoon Nuri (0812), super typhoon Sinlaku (0813), severe typhoon Hagupit (0814), super typhoon Jangmi (0815) and tropical storm Higos (0817). The total number of landfalling typhoons is obviously more than the average (about 6.59), and the percentage of landfalling TCs (55.56%) is much more than the average (27.80%). In addition, during the same period, another 2 TCs affected China’s coastal waters, despite of the fact that they did not land on China. They were severe tropical storm Halong (0804) and tropical storm Mekkhala (0816). As mentioned above, in total 12 TCs landed on China’s coastal areas or affected its waters from 1 January to 31 October 2008.
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Figure.1.1 TC tracks over the Western North Pacific and South China Sea from 1 st  October 2007 to 31st October 2008

a. The Characteristics of Tropical Cyclones’ Activities in 2008

The characteristics for the tropical cyclones occurred from 1 October 2007 to 31 October 2008 are described as follows: 

(1)  3 Typhoons Affected the South China Sea in Late Autumn

From 3 to 27 November 2007, three typhoons affected the South China Sea and the South China coastal areas. 1 of them was weakened gradually after they entered the South China Sea and made landfall on Vietnam (Peipah). Typhoons Mitag and Hagibis moved northwestward then turned northeast, and disappeared soon afterwards.   

(2)  Fewer Low-Intensity TCs  

From 1 January to 31 October 2008, 18 tropical cyclones formed over the Western North Pacific and the South China Sea. The number was obviously less than the average (23.56). 10 of them developed into typhoons or beyond, which accounted for 55.56% of the total. The percentage was slightly less than the average (61.51%).

(3)  The Source Region of TCs Tended to Shift Westward in Location
From 1 January to 31 October 2008, 13 out of 18 TCs formed over the Western North Pacific between east of the Philippines and the Marshall Islands. TC source regions were located more westward compared with the normal locations. 17 TCs formed at the sea west of 150ºE, which accounted for 94.44% of the total and the percentage was much more than the average (80.22%). Only 1 TC developed at sea east of 150ºE. Over the region, the number of TCs was obviously less than the average (4.53). In addition, 4 TCs formed over the South China Sea, which TC was usually believed to be another source region with frequent TC occurrence. The number was nearly equal to the average (3.98)

(4)  Less TCs in the Typhoon Season but with Complicated Tracks 

During this typhoon season, only 11 TCs developed from July to September 2008 and accounted for 61.11% of the total. The percentage was slightly less than the average (63.96%). Moreover, super typhoons Sinlaku (0813) and Jangmi (0815) looped respectively during landing on the eastern coast of the Taiwan Province in last 20 days of September mainly because of their large scale cloud bands and the terrain effect of Taiwan, the tracks of these tropical cyclones were found complicated. So it was difficult to judge and forecast their tracks for operational warning.

(5)  More Landing TCs with a Higher Intensity 

Out of the 10 landed TCs, 1 reached super typhoon intensity, 3 reached severe typhoon categories. The strongest one was super typhoon Jangmi (0815) with the maximum winds of 51m/s near its center when landing on the Taiwan Province.

(6)  Landing Time was Concentrated in Midsummer

From 6 to 22 August, 2 TCs landed on China’s Coastal Areas; and from 14 to 28 September, 3 TCs landed on China’s Coastal Areas. There was a TC landfall every 5 or 7 days during the two periods, and the landing frequency was relatively higher. 

(7)  Earlier Landing Time with a Lighter Intensity
Typhoon Neoguri (0801) was the first tropical cyclone that landed on China in 2008. It landed on Wenchang, Hainan Province at 14:30 UTC on April 18th. Its landing time was about two months earlier than the normal and also was the earliest one that landed on China since 1949. 
b. Typhoons that Impacted Member’s Area.

(1) Operational Forecasts
From January to October 2008, the 24-, 48- 72-and 96-hour mean distance errors of subjective forecasts for tropical cyclones over the Western North Pacific and the South China Sea issued by the National Meteorological Center (NMC), CMA given in table 1.1. NMC’s real-time positioning was used as the basis for verifications.

Table 1.1 Mean distance errors of prediction of tropical cyclones (km)

(1 st  January to 31 st  October 2008, unit: km)
	Forecast time
	24h
	48h
	72h
	96h

	Mean distance errors
	114.6
	198.6
	324.1
	480.0


(2)  Characteristics of Landing Tropical Cyclones

As aforementioned, from 1 st  January to 31 st  October 2008, 18 tropical cyclones in total formed over the Western North Pacific and the South China Sea. 10 TCs landed on China in this period that landing intensities all exceeded a tropical storm category (see table1.2).

Table 1.2 List of Tropical cyclones landing over China (Oct.1st 2007 to Oct.31st, 2008)

	TC Name/Number
	Landing location
	Time/Date
	Maximum wind speed when landing (m/s)
	Minimum SLP When landing (hPa)

	Krosa(0715)
	Yilan,Taiwan province
	07:30UTC,Oct.06
	50
	935

	
	Yilan,Taiwan province
	14:30UTC,Oct.06
	45
	950

	
	Cangnan,Zhejiang-Fuding,Fujian
	07:30UTC,Oct.07
	33
	975

	Neoguri(0801)
	Wenchang, Hainan
	14:30UTC,Apr.18
	30
	980

	
	Yangdong,Guangdong
	06:15UTC,Apr.19
	17
	998

	Fengshen(0806)
	Shenzhen,Guangdong
	21:30UTC, Jun.24
	23
	985

	Kalmaegi(0807)
	Yilan,Taiwan province
	13:40UTC,Jul.17
	33
	970

	
	Xiapu, Fujian
	10:10UTC,Jul.18
	25
	988

	Fung-wong(0808)
	Hualian, Taiwan province
	22:30UTC,Jul.27
	45
	955

	
	Fuqing,Fujian
	14:00UTC,Jul.28
	33
	975

	Kanmuri(0809)
	Yangxi,Guangdong
	11:45UTC,Aug.06
	25
	980

	
	Dongxing,Guangxi
	06:50UTC,Aug.07
	18
	990

	Nuri(0812)
	Xigong,Hongkong
	08:55UTC,Aug.22
	33
	975

	
	Zhongshan,Guangdong
	14:10UTC,Aug.22
	25
	985

	Sinlaku(0813)
	Yilan,Taiwan province
	17:50UTC, Sep.13
	48
	945

	Hagupit(0814)
	Dianbai,Guangdong
	22:45UTC, Sep.23
	48
	950

	Jangmi(0815)
	Yilan,Taiwan province
	07:40UTC, Sep.28
	51
	935

	Higos(0817)
	Wenchang,Hainan  
	14:15UTC,Oct.03
	18
	998

	
	Wuchuan,Guangdong
	09:10UTC, Oct.04
	15
	999


Table 1.2 showed that the intensities of 10 TCs were relatively intense (beyond tropical storm category) when they landed. One of them fell into super typhoon category, 3 were severe typhoons, 2 were typhoons or severe tropical storms and 2 were tropical storms. Super typhoon Jangmi (0815) was the most severe one of all landed TCs from October 2007 to October 2008, with its maximum wind speed near center reached 51m/s.

The following lists the characteristics for landed tropical cyclones. 

· Landing TCs with a Higher Intensity 

Out of the 10 landing TCs, 1 reached super typhoon category and 3 were severe typhoons. The strongest one was super typhoon Jangmi (0815) with the maximum winds reaching 51m/s near its center at landing on the Taiwan Province.

· Landing Time was Concentrated in Midsummer

From August 6th to 22th, 2 TCs landed on the China’s Coastal Areas; and from 14 to 28 September, the number was 3. On average, a TC made its landfall on China every 5 or 7 days in these two periods, and the landing frequency was comparatively higher. 

· Landing Locations were mostly in Guangdong and Taiwan Provinces
From 18 April to 28 September, 6 TCs landed on the western Guangdong (including TCs that re-landed twice) and 4 TCs landed on eastern Taiwan province. 

· Earlier TC Landing Time with a Lighter Intensity
Typhoon Neoguri (0801) was the first tropical cyclone landing on China in 2008. It landed on Wenchang, Hainan Province at 14:30 UTC on April 18. Its landing time was about two months earlier than normal and also was the earliest one that landed on China since 1949. 

(3) Narrative on Tropical Cyclones
· Krosa (0715)

Tropical storm Krosa (0715) was formed at 00 UTC, 2 October 2007 over the Northwest Pacific. It became intensified into a severe tropical storm at 09 UTC, 2 October and a typhoon at 18 UTC, 2 October, and then it moved northwest with an intensity being increased. It became a severe typhoon at 18 UTC, 3 October and a super typhoon at 18 UTC, 4 October. As it was gradually approaching to the Taiwan province, its intensity reached 55m/s. It landed on Yilan, Taiwan province at 07:30 UTC, 6 October with the maximum wind at 50m/s near its center. From then on, Krosa began to move south and rotated anticlockwise slowly in a small radius. Because of its interactions with Taiwan coast, its intensity was weakened in the looping motion. At 14:30 UTC, 6 October, Krosa landed once again on Yilan, Taiwan with the maximum wind at 45m/s near the center. Afterwards Krosa moved northwest and passed through the northern Taiwan province. It entered northern part of the Taiwan Strait and suddenly turned from northwest to north. It landed for the third time in between the Fujian and Zhejiang provinces at 07:30 UTC, 7 October, with its maximum speed at 33m/s near the center at the time of landing. After its third landfall, Krosa moved northwest and reduced to a severe tropical storm at 09 UTC, 7 October. Then it turned northeast and weakened into a tropical storm at 18 UTC, 7 October. Then it entered northern part of the East China Sea and moved to east-northeast direction. At last Krosa faded away at 15 UTC, 8 October. 
12 people died. The direct economic loss was estimated about RMB 9.58 billion Yuan. 
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	Figure 1.2a  Track of Super Typhoon Krosa (0715)
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Figure 1.2b  GMS-6 VIS Image at 04:30 UTC, 4 October 2007 when Super Typhoon Krosa (0715) was approaching to Taiwan province.


· Neoguri (0801)
Tropical storm Neoguri (0801) was formed at 06 UTC, 15 April 2008 over southern part of the South China Sea. Afterwards it moved northwest with its intensity reaching a severe tropical storm at 00 UTC, 16 April and typhoon and at 06 UTC, 16 April respectively. From 17 April, Neoguri moved north-northwest and approached to east coast of the Hainan province. It made its landfall at 14:30 UTC, 18 April on Wenchang, Hainan with the maximum winds at 30m/s near the center. After its first landfall, Neoguri turned northeast with its intensity being reduced quickly. It made its second landfall at 06:15 UTC, 19 April on Yangdong, Guangdong province with the maximum winds at 17m/s near its center. At last, Neoguri faded away over the Guangdong province at 21 UTC on 19 April. 
5 people died. The direct economic loss was estimated about RMB 0.673 billion Yuan. 
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Figure 1.3a  Track of Typhoon Neoguri (0801)
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Figure 1.3b Satellite Image at 02:01UTC, 17 April, 2008 when Neoguri (0801) was approaching to eastern Hainan province


· Fengshen (0806)
Tropical storm Fengshen (0806) was formed at 00 UTC, 19 June 2008 over the Northwest Pacific moving northwest steadily with its intensity being intensified gradually. It became a severe tropical storm at 18 UTC, 19 June and a typhoon at 00 UTC, 20 June. Fengshen passed through the central Philippines and entered the central part of the South China Sea. Then it turned north-northwest and approached to the coast of the Guangdong province. At 21:30 UTC, 24 June, it landed on Shenzhen, Guangdong province with the maximum winds of 23m/s near its center. Thereafter Fengshen moved northwards. At last it faded away in Guangdong province at 00 UTC, 26 June.  
37 people died and 10 missing. The direct economic loss was estimated about RMB 2.014 billion Yuan. 
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Figure1.4a  Track of Typhoon Fengshen (0806)
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Figure1.4b  Satellite Image at 02:26UTC,  24 June  2008 when Fengshen (0806) was approaching to Guangdong province


· Kalmaegi (0807)

Tropical storm Kalmaegi (0807) was formed at 06 UTC, 15 July 2008 over the Northwest Pacific, and then it moved north. It intensified into a severe tropical storm at 12 UTC, 16 July and a typhoon at 00 UTC, 17 July respectively. Afterwards it turned northwest. Kalmaegi landed on Yilan, Taiwan province at 13:40 UTC, 17 July with the maximum wind at 33m/s near center. After the first landing, it continued to move northwestwards and its intensity reduced badly. Kalmaegi passed through northern part of Taiwan province and approached to east coast of the Fujian province. It landed again on Xiapu, Fujian province at 10:10 UTC, 18 July, with its maximum speed at 25m/s near the center at the time of landing. After its second landfall, Kalmaegi moved north-northeast with its intensity weakened quickly. It reduced to a tropical depression at 18 UTC, 19 July in Jiangsu province. Then it entered southern part of the Yellow Sea and moved in the northeast direction. At last Kalmaegi faded away in Yellow Sea at 00 UTC, 21 July. 

3 people died. The direct economic loss was estimated about RMB 0.516 billion Yuan. 
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Figure1.5a  Track of Typhoon Kalmaegi (0807)
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Figure1.5b  Satellite Image at 01:53UTC, 17 July 2008 Before Kalmaegi (0807) land on Taiwan province


· Fung-wong (0808)

Tropical storm Fung-wong (0808) was developed at 06 UTC, 25 July 2008 over the Northwest Pacific. Afterwards it moved west. It intensified into a severe tropical storm at 00 UTC, 26 July and a typhoon at 09 UTC, 26 July respectively. From the morning 27 July, it started to move northwest and approached to the east coast of Taiwan province. It intensified into a severe typhoon at 12 UTC, 27 July. At 22:30 UTC, 27 July, Fung-wong landed on Hualian, Taiwan province with the maximum winds reaching 45m/s near its center. After landing, it was reduced to a typhoon quickly. Later it swept the Taiwan province and entered Taiwan Strait. At last typhoon Fung-wong landed again on Donghan, Fujian province at 14:00 UTC, 28 July with the maximum winds being 33m/s near its center. After its second landfall, it was reduced to a severe tropical storm soon. Thereafter Fung-wong moved northwest. It became a tropical depression over Jiangxi province at 06 UTC, 30 July. At last Fung-wong disappeared over the Anhui province at 18 UTC on 30 July.

12 people died and 4 persons missing. The direct economic loss was estimated about RMB 8.54 billion Yuan. 
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Figure1.6a Track of Severe Typhoon Fung-wong (0808)
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Figure1.6b  Satellite Image at 20:34UTC, 26 July  2008 when Fung-wong (0808) was approaching to Taiwan province


· Kammuri (0809)

Tropical storm Kammuri (0809) was formed at 00 UTC, 5 August 2008 over the northern part of the South China Sea. After its generation, Kammuri moved west-northwest and it intensified into a severe tropical storm at 21 UTC, 5 August. Severe storm Kammuri gradually approached to the coast of the Guangdong province. It landed on the Yangxi of Guangdong province at 11:45 UTC, 6 August with the maximum winds reaching 25m/s near the center. After landing, it moved west with its intensity being reduced gradually. Afterwards it entered the northern part of the Beibu Gulf. Later it landed again on Dongxing of Guangxi province at 06:50 UTC, 7 August with the maximum winds of 18m/s near its center. After its second landfall, it continued to move west and entered northern Vietnam. At last, Kammuri faded away over the northern Vietnam at 06 UTC, 8 August.

3 people died. The direct economic loss was estimated about RMB 1.617 billion Yuan. 
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Figure1.7a  Track of Severe Tropical Storm  Kammuri (0809)
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Figure1.7b  FY-3A Image at 02:15UTC, 6 August 2008 when Kammuri (0809) was approaching to the Guangdong province


· Nuri (0812)

The tropical storm Nuri (0812) was formed at 00 UTC, 18 August 2008 over the Northwest Pacific. Afterwards it moved west-northwest. It intensified to a severe tropical storm and a typhoon at 09 UTC, 18 August and at 18 UTC, 18 August respectively. After Nuri entered the South China Sea, it turned to move northwestwards and approached the coast of Guangdong province. Nuri landed at Hong Kong at 08:55 UTC, 22 August with the maximum winds of 33m/s near center. After landing its intensity was severely reduced. It passed over Zhujiangkou and made landfall again over Zhongshan, Guangdong province at 14:10 UTC, 22 August with the maximum winds of 25m/s near center. After its second landing, Nuri still moved northwestwards and reduced to tropical storm and tropical depression at 15 UTC, 22 August and at 00 UTC, 23 August respectively. At last Nuri faded away at 09 UTC, 23 August.  

4 people died. The direct economic loss was estimated about RMB 0.424 billion Yuan. 
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Figure1.8a  Track of Typhoon Nuri (0812)
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Figure1.8b FY-1D  Image at 09:24UTC, 21 August 2008 when Nuri (0812) was approaching to the Guangdong province


·  Sinlaku (0813)

The tropical storm Sinlaku (0813) was formed at 21 UTC, 8 September 2008 over the Northwest Pacific. Afterwards it moved north with its intensity increased into a severe tropical storm at 06 UTC, 9 September and typhoon at 09 UTC, 9 September respectively. It became a severe typhoon at 09 UTC, 10 September and intensified into a super typhoon at 09 UTC, 11 September with the max winds being up to 52m/s over the east sea of Taiwan province. It was weakened into a severe typhoon at 01 UTC, 12 September while approaching to the coastal area of the Taiwan province. Finally Sinlaku landed on Yilan, Taiwan province with the maximum winds reaching 48m/s near the center at 17:50 UTC, 13 September. After landing, Sinlaku went though the northern part of the Taiwan province and entered the East China Sea. Afterwards it turned east-northeast. It became a severe storm at 00 UTC, 15 September. Sinlaku became a tropical storm at 02 UTC, 16 September. It re-intensified into a sever tropical storm at 08 UTC, 17 September. Finally Sinlaku faded away at 06 UTC, 20 September.  

No person died during its landfall on mainland China. The direct economic loss was estimated about RMB 0.173 million Yuan. 
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Figure1.9a  Track of Super Typhoon Sinlaku (0813)
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Figure1.9b  Satellite Image at 17:25UTC,10 September 2008 when Sinlaku (0813) was approaching to Taiwan province


· Hagupit (0814)

The tropical storm Hagupit (0814) was formed at 12 UTC, 19 September 2008 over the Northwest Pacific. Afterwards it moved westward. Its intensity upgraded to severe tropical storm at 03 UTC, 20 September. Then it turned to northwestwards with its intensity being increased into a typhoon at 06 UTC, 21 September. Starting from 18 UTC, 21 September, Hagupit turned west-northwest with a quicker pace. It became a severe typhoon at 06 UTC, 22 September. Hagupit landed on Dianbai, Guangdong province at 22:45 UTC, 23 September with the maximum winds being up to 48m/s near its center.  After landing, it continued to move west-northwest with intensity being reduced quickly. It became a typhoon at 02 UTC, 24 September. It weakened into a severe tropical storm at 06 UTC, 24 September and later a tropical storm at 09 UTC, 24 September respectively. Eventually, Hagupit disappeared at 18 UTC, 25 September. 

40 people died and 12 persons were missing. The direct economic loss was estimated about RMB 12.844 billion Yuan. 
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Figure1.10a  Track of Severe Typhoon Hagupit (0814)
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Figure1.10b  FY-3A Image at 02:20UTC, 23 September 2008 before Hagupit (0814) landed on Guangdong province


· Jangmi (0815)

Tropical storm Jangmi (0815) came into being at 12 UTC, 24 September 2008 over the Northwest Pacific. Afterwards it moved northwest and intensified gradually. It became a severe tropical storm at 06 UTC, 25 September and a typhoon at 18 UTC, 25 September respectively. Its intensity upgraded into a severe typhoon at 10 UTC, 26 September and a super typhoon at 21 UTC, 26 September respectively. Jangmi’s intensity reached a maximum wind of 65m/s near its center at 06 UTC, 27 September. Jangmi landed on Yilan, Taiwan province at 07:40 UTC, 28 September with the maximum winds reaching 51m/s near the center. After its landfall, it moved northwest and swept the northern Taiwan province. It weakened into a severe typhoon at 09 UTC, 28 September and a typhoon at 18 UTC, in the same day respectively. It entered East China Sea and turned north. Afterwards it became a severe storm at 05 UTC 29 September over the East China Sea and it moved northeast-east. Jangmi weakened into a tropical storm at 00 UTC 30 September.  Finally it faded away at 00 UTC 1 October.
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Figure 1.11a  Track of Super Typhoon Jangmi (0815)
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Figure 1.11b  Satellite Image at 08:29UTC, 27 September 2008 when Jangmi (0815) was approaching to the Taiwan province


· Higos (0817)

Tropical storm Higos (0817) was formed at 00 UTC on 30 September 2008 over the Northwest Pacific.  Afterwards it moved northwest. Higos passed through the Philippines and entered the central part of the South China Sea. Starting from 00 UTC, 3 October, it turned north and it was gradually approaching to the coast of the Hainan province. It landed on Wenchang, Hainan province at 14:15 UTC, 3 October, with the max winds reaching 18m/s near the center. After the first landing, it continued to move north with its intensity being reduced considerably. Higos passed through the eastern Hainan province, approaching to the coast of the Guangdong province. It landed again on Wuchuan, Guangdong at 09:10 UTC, 4 October with its maximum speed being at 15m/s near its center. After its second landing, its intensity was weakened quickly and it faded away at 15 UTC, 4 October. 
1 people died. The direct economic loss was estimated about RMB 0.088 billion Yuan. 
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Figure1.12a  Track of Tropical storm Higos (0817)
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Figure1.12b  FY-3 Image at 02:50UTC, 2 October 2008 when Higos (0817) was approaching to Hainan province


c. Factor analysis

(1)  SSTa in the equatorial Pacific 
The La Niña event began in August 2007 ended in May 2008. The La Niña event lasted 9 months from August 2007 to April 2008, and it peaked in November with NINO Z index being -1.5°C. And the accumulation of NINO Z monthly index during the La Niña event was -9.5°C, which rated as a weaker La Niña event. Neutral conditions have been persisted since mid 2008 in the central and eastern equatorial Pacific. With the end of the La Niña event, the SST increase on equatorial middle-eastern Pacific weakened the Walker circulation, which was unfavorable for a higher typhoon frequency than normal.
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Figure.1.13   Monthly Mean Sea Surface Temperatures (top) and Anomalies (bottom) in October 2008

(2)  OLR anomalies over the western Pacific warm pool 
On the whole, convection activity over the Western Pacific warm pool in the typhoon season of 2008 was suppressed. The convection over the warm pool was very active in May contributing to more TC activities above normal. In following seasons, the convection was in an inactive period except September. 
(3)  Circulation

Vertical shear of the tropospheric wind over the source region of typhoons was somewhat stronger than normal especially over the east region in the typhoon season of 2008. Strong vertical shear was less favorable for TC development. 
In summer 2008, the East Asia summer monsoon trough was very short and it was located to the west, extending to only about 130oE, which lead to a higher TC frequency over the region of west of 140oE.

In general, the Western Pacific Subtropical High was stronger and extended slightly to the west than normal in major typhoon seasons, which contributed to less TC occurrence than normal but more landing typhoons. 
2.  Hydrological Assessment
In 2008, floods hit China in different regions and river basins. From south to north, a major flood occurred in the Pearl River basin and a severe flood affected the Pearl River Delta, with 100-year tide levels were measured at some stations; the upper reaches of the Huaihe River saw 4 water levels above the warning line, especially the biggest spring flood took place in late April; in the Yangtze River basin, major floods occurred in the Xiangjiang River and Chuhe River; branches of the Songhuajiang River and Liaohe River region such as Nenjiang River and Xiliaohe River also experienced floods. Additionally, due to local heavy rainfall and rainstorms induced by typhoon landing, some provinces (Guangxi, Guangdong, Hunan, Zhejiang, Yunnan and Guizhou) have suffered from severe floods or record-breaking floods in medium or small rivers. Water level in some rivers in Tibet, Xinjiang, Qinghai and Gansu either exceeded the warning levels or broke the historical records. The floods in China throughout 2008 can be summarized in the following:
a.   Early Occurrence 

In April, the upper reaches of the Huaihe River saw the biggest spring flood since 1964, which was the third biggest record in this season since 1952. In June, the Xijiang River met the most severe flood in the season, and the Nenjiang River and the Xiliaohe River witnessed the second and third biggest floods ever recorded respectively. In the Taihu Lake area, the plum rain came one week earlier than usual, leading to the highest water level in June since 2000. 

b.   Wide Distribution 

Of the 7 river basins in China, 6 were hit by floods with a different severity (with exception of the Haihe River). Floods also occurred in medium or small rivers in southern Tibet, west Yunnan, and inland provinces, with multiple water levels exceeding the warning lines. For example, 4 flood-induced warning levels were measured in the upper reaches of the Huai River and another 3 in the Yujiang River in Guangxi. During the flood season, among the 84 water systems in China, nearly 200 rivers and over 270 stations reported the flood-induced water level warnings (over 600 station times), with multiple and wide-spread floods taking place. 

c.   Higher Severity 

A severe flood hit the Pearl River basin, and the Peal River Delta saw a 50-year major flood. Record-breaking floods happened in Guijiang River and Liujiang River, and such floods also happened in medium-small rivers in provinces of Yunnan, Guizhou, Hunan, Hubei, Shaanxi, and Qinghai. During the flood season, there are 30 rivers and 33 station points in 18 water systems which witnessed the biggest flooding ever recorded. 

d.   Weaker Typhoon Influence in Terms of Coverage and Severity
Of the 10 typhoons landed on China in 2008, only typhoon Phoenix, tropical cyclones Kammuri and Hagupit (0814) affected the southern China, including Zhejiang and Fujian provinces, while other 7 typhoons did not cause any serious impacts. 

Typhoon  Fung-wong (0808) has resulted in the second biggest flood recorded at the Chuhe River, a branch of the Yangtze River in the downstream areas, high water level in main streams and branches (either exceeding the warning lines or breaking a historical record), with floods occurred in many medium or small rivers in Fujian, Jiangxi and Guangdong. Of them, the flood in the Qiuxiangjiang River, a branch of Dongjiang River in the Guangdong Province, broke the record. 

Kammuri (0809) caused a water level rise above the warning line in Guangxi’s Yujiang River, Beiliuhe River, and seafront rivers, as well as medium or small rivers in Yunnan and Guangdong provinces. The Panlongjiang River and the Nanxihe River ranked the second and third biggest floods in history respectively. 

The typhoon Hagupit affected the southern China. Some stations at the Pearl River estuary measured 100-year tides; floods occurred in Yujiang River and its branches, seafront water systems and Hongshuihe River branches.

e.   Less River Inflows
Compared to the same period over years, water flows in the major rivers in China were relatively less except for the Huai River and the Xijiang River (10-30% more than usual). Out of them, the Yangtze River inflow was 10% less, the Yellow River 10% less in the upper reaches and 30-40% less in the lower reaches, the Songhuajiang River 60% less, the Liao River 30% less, and the Haihe River 80% less. 
3. Socio-Economic Assessment 
Typhoons or tropical storms bring about abundant precipitation to China, and abated the agricultural drought and impact of warm weather in the most southern parts of middle and lower reaches of the Yangtze River and in the South China, and they increased the water recharge in reservoirs. However, the strong gusts, heavy rain and associated astronomical tides also cause severe damages in the coastal areas like in 2008. Comparing the economic losses caused by typhoons with those in the last 10 years, the economic losses from January to October 2008 were less.  According to the preliminary statistics, more than 37 million people were affected. 139 people were killed with 58 people missing. 114,000 houses were ruined with direct economic losses reaching about 34 billion Yuan RMB.
Totally, 10 typhoons landed on China and brought precipitation over land from January to October 2008 (i.e. Neoguri, Fengshen, Kalmaegi, Fung-wong, Kammuri, Nuri, Sinlaku, Hagupit, Jangmi, Higos). With regard to the impacted area, strong tropical storm Fung-wong was the most important one with the precipitation amount reaching 71.3km3, and the impacted area was up to 1,572,000km2. 

In addition, Kammuri and Hagupit were next in severity in the same period, with precipitation amounts rising to 48.0km3 and 47.2km3, the impacted area reached 1,222,000km2 and 1,282,000km2, respectively. 
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Figure 1.14   The estimated precipitation amounts and impacted areas of typhoons or severe tropical storms that landed on China from January to October 2008
II.   Summary of progress in Key Result Area

1.     Progress on Key Result Area 1: Reduced Loss of Life in Typhoon-related Disasters. 

a.     Meteorological Achievements 
(1)   Monitoring

· Ground Monitoring

About 2194 AWSs within CMA framework have become operational by now.
· Radar Monitoring

According to the latest plan, 158 new-generation Doppler weather radars (CINRAD) will be deployed to create new national radar network, 136 CINRAD radars were already installed in China in observing precipitation, rainstorm and typhoons. This has contributed to the disastrous weather prevention and reduction in many provinces.
By the end of 2008, about 146 CINRAD radars will be set up on mainland China, and 10 or so CINRAD radars will be built in 2009. It further increased capability of monitoring typhoon in the southeastern China.
A new Doppler radar has been deployed in 2008 in Nansha islands in the South China Sea, positive effect has been felt in the process of typhoon Nuri (0801), which eventually landed on Wenchang, Hainan province.
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Figure2.1 New generation weather radar distributing in China

Figure2.1  new national radar network in China.
· Satellite Monitoring

During the flood-prone season in 2008, according to the demand in TC analysis, the National Satellite Meteorological Centre (NSMC) of CMA switched on the twin-satellite intensified observation mode i.e., 96 images can be received (one per 1/4 hour) everyday from the FY-2C and FY-2D satellites. With higher temporal resolution satellite data, TC characteristic can be better captured, such as their occurrences, developments, motion and evolutions. The NMC and the meteorological offices in coastal areas well recognized the usefulness of the twin-satellite data in monitoring and forecasting TCs in the flooding season.
The new meteorological polar-orbiter - FY-3A, has been launched on 27 May 2008 and completed in-orbit tests. Now it is in the pre-operational stage. FY-3A has higher spatial resolution and vertical probing ability. Medium Resolution Spectral Imager (MERSI) can provide imagery with 250m spatial resolution and capture the subtle features of the TC clouds. The microwave instrument can penetrate the cloud cover and capture the thermal and cloud-rain structures in TC clouds. With the principle of tests being combined with service delivery, NSMC continuously monitored the TCs using FY-3A satellite data. Especially, during the Olympic Equestrian events in Hong Kong, NSMC used the microwave data to monitor the deep convective clouds of the two landing TCs towards the Coastal Areas in South China, which may cause heavy rainfall to affect the games. With the MERSI data, the TC-eye feature analysis and location of the center were better defined. The analysis and products provided improved service for the Decision-making Service System and public weather service through different channels. 

(2)  New Operational Platform
Typhoon tracks are made based on the new operational platform-NMICAPS Typhoon version developed and put into application in 2006 which modified and updated gradually in terms of the suggestion and need of forecasters in the National Meteorological Centre (NMC) of CMA.  
(3)  Numerical Prediction System
· Numerical TC Track Prediction System
Numerical TC track prediction system was updated in 2008. The data assimilation system was upgraded from O/I to 3-Dvar. A new TC vortex initialization technique was used in the updated system. 

· Objective TC Intensity Forecast Method
An objective TC intensity forecast method has been used in the typhoon season since 2007 in collaboration with the Shanghai Typhoon Institute, CMA base on a dynamic-statistical approach. 
· Reducing the Mean Track Errors 
The mean track errors of the updated system were substantially reduced compared with the old operational system. Table 2.1 is the mean track errors for the updated system and old system in 2007 and mean track error with the updated system in 2008.
Table2.1 Mean track errors (km) in 2008 in comparison with 2007

	
	2007
	2008

	Mean track errors
	Updated
	Old
	Updated

	24h
	118.3
	163.3
	127.2

	48h
	200.1
	267.1
	239.4

	72h
	288.5
	425.2
	405.1


(4)  Joint TC Discussions between NSMC and NMC 
In 2008, the number of TCs formed over the Western North Pacific and the South China Sea was less than the average during the same periods from 1949 to 2007, but the number of landing TCs (10) was more than the average. In addition, the period of landing was comparatively concentrated. 3 TCs landed on the Coastal Areas in South China during the Beijing 2008 Olympic Games. Among them, tropical storm Kammuri (0809) landed on the coastal area of Yangjiang City, Guangdong Province with the maximum winds reaching 25m/s near its center at 19:45 (BT), on August 7. TC Nuri (0812) landed on Saigon, Hong Kong with an intensity of a severe tropical storm at 16:55 (BST) on 22 August. Then it landed once again on Zhongshan City, Guangdong Province at about 10:10 PM (BT). These two severe tropical storms impacted the Olympic Equestrian sport events in Hong Kong to some extent. TC SINLAKU (0813) was the first super typhoon affected China coastal waters in the last 10-day period of September, 2008, despite of the fact that it did not land on China. To better monitor these TCs, NSMC and NMC made joint TC discussions nearly 50 times about the TC Kammuri, TC Nuri and TC SINLAKU in the periods from 5 to 7, from 19 to 23, from 20 to 22, August and from 10 to 18 September. The NSMC provided its views about the intensity monitoring and the possible TC tracks from the prospective of meteorological satellites, including the TCs’ real time monitoring results from the 2 series of FY satellites. 
(5)  Operational Satellite Data in support to TC Analysis
NSMC attaches great importance to operational satellite data in support to TC analysis, received from 11 satellites, including FY-2C/D, NOAA-16, NOAA-17, NOAA-18, EOS series (AQUA and TERRA) and MTSAT from Japan. After preprocessing (calibration and positioning), nearly 100 quantitative products are made available, which are delivered to NMC and meteorological offices in coastal areas by 9210, DVBS and FENGYUN-CAST, providing important information for TC monitoring, analysis and forecasting. 
b.   Hydrological Achievements
From September 2007 to September 2008, China basically developed flood risk analysis and flood damage assessment methods, standard flood analysis software, flood hazard management platform, and historical floods mapping.

The State Council approved the National Flash Flood Prevention Plan in October 2006 for implementation. The plan addresses flash flood prevention in 29 provinces, mainly targeting to smaller river basins of less than 200 km2 (32753 in total). 

The first target of flash flood prevention is to minimize damages and deaths, giving the high priority to prevention and mitigation combined with the flood control and relief measures, and to the non-engineering structures with associated non-engineering and engineering measures. Other measures include relocating people and strengthening flash flood risk management in hilly and mountainous areas.  

To accelerate the RCPIP implementation, China’s flood prediction techniques will be disseminated to promote China’s role in hydrological field, the OFFSIA international training program was held by the Bureau of Hydrology under the Ministry of Water Resources in 15-21October,2007. About 30 participants from Asian countries such as DPRK, Laos, Malaysia, the Philippines, Thailand, Vietnam, and Singapore attended the training event.

The training program comprised 1-2 day technical lectures, and a 3-day hands-on training and summary. The trainees were provided with document in English, including the installation discs of China Flood Forecasting System, the technical reports, and users’ manual.

Foreign trainees learned the Xin’anjiang River flood forecast model and applications of the flood forecast system, and they successfully establish a flood forecast scheme for pilot river projects in their home countries by utilizing China’s flood forecast system platform. 
China has committed itself for continual technical support to utilization of China’s flood forecasting system in member countries of ESCAP. In 2008 upon DPRK’s request, China provided another three licenses to allow the system to be used in 3 computers. 
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Figure2.2 Training in MWR-BOH and Technical visit to Ministry Network Center

c. Disaster Prevention and Preparedness Achievements
Emergent Response and Relief in Typhoon Disasters
In response to the typhoon-induced disasters in 2008, the State Disaster Reduction Center of the Ministry of Civil Affairs participated in 4 emergent responses and relief work in natural disasters, initiated by the State Disaster Reduction Committee and the Ministry of Civil Affairs, targeted to such typhoons as Neoguri (0801), Fung-wong (0808), Kammuri (0809) and Hagupit (0814). Working groups were sent to the disaster-hit areas to coordinate and instruct the local government to carry out emergent relief work. The working groups submitted about ten on-the-spot working reports to the Office of State Council and the Ministry of Civil Affairs, giving a timely presentation of the disaster status and relief work with local governments concerned to provide first-hand material for the Central Government for decision-making for disaster rescue and relief. In addition, experts from the State Disaster Reduction Center in the working groups collected photos and videos of the disaster-hit areas through multi-media equipment and transmitted the timely information back to the home office. These photos and videos provided important materials for making assessments and decisions in disaster relief. The working group also used GPS and North Star to provide nonstop real-time positioning for the group to follow the correct routes. This not only ensured a real-time contact and communication with the home office but also drew out route map, which was released in time through internet.  
d. Research, Training and Other Achievements
(1) New Initialization Scheme for GRAPES_TCM

A new vortex initialization scheme was developed for GRAPES_TCM in 2008, which combined the major features of bogus data assimilation scheme (BDA, Wang et al, 2008), tropical cyclone relocation scheme and model-constrained 3DVAR (MC-3DVAR) scheme developed by Liang et al (2007). Model domains of GRAPES_TCM were therefore adjusted according to the structure of the targeted vortex. Preliminary study shows that the vortex generated by the new scheme gives a stronger intensity (close to the observation) than that in the original initialization scheme. The vortex generated by the new scheme has more reasonable asymmetric structure and warm core distribution compared with the NCAR-AFWA bogus scheme. Preliminary verification for the new scheme showed its advantage in track simulation against the original scheme utilized in 2007. Figure 2.3 shows that the mean distance errors of Typhoon Fung-wong (0808) have improved with the new scheme.
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Figure 2.3   mean distance errors for GRAPES_TCM operational system and new scheme for Typhoon Fung-wong.

(2)  Cumulus Parameterization Scheme for Numerical Typhoon Forecasts
Study was made to assess the performance of 3 popular cumulus parameterization schemes (CPS) in simulations of the TCs that affected China. Further verifications were made to improve the performances of the schemes. It is found that the distribution and intensity precipitations were extremely sensitive to the choice of cumulus parameterization scheme. The Betts-Miller scheme tends to overestimate the rainfall coverage and make a false alarm of intense rainfall. The Grell scheme tends to underestimate sub-grid scale rainfall due to its deficiency in removing instability, while the Kain and Fritsch scheme gave the best TC simulation in 15km grids. Finally, it is also suggested that the Kain-Fritsch scheme can be improved in case of weak synoptic forcing. Base on theoretical examinations, the effect of vertical advection of moisture is taken into account in determining the convective parcel’s temperature perturbation. Preliminary results from numerical experiments show that the modified scheme can eliminate reasonably well the convective instability under weak synoptic forcing, change the response of the disturbance in the lower troposphere disturbance to environmental humidity and in favor of simulation of tropical cyclone. These findings have a potential to improve the performance of operational TC forecasts.

(3)  Vortex Initialization Based on Dynamically Retrieved Sea Level Pressure

A new approach was proposed for vortex initialization in tropical cyclone models. Firstly a boundary layer model is combined with QuikSCAT sea winds to retrieve the sea level pressure field. Secondly the pressure field is then assimilated into the mesoscale numerical model with the 3DVAR technique to adjust the analyzed initial vortex structure. A number of case experiments show that, with the improvement of the intensity and structure of sea level pressure, the dynamical balance between wind and pressure is also identified. It is also recognized that this technique of initialization can modulate the outflow around the tropopause while affecting the boundary layer structure such as vertical wind shear and atmospheric instability. 

(4)  Semi-operational TC Track Ensemble Prediction System 

The Shanghai typhoon Track Ensemble numerical Prediction System (STEPS), which was developed on the basis of Shanghai operational typhoon model GRAPES-TCM, has been put into quasi-operational use in 2008. Currently, the system has 9 members (1 control & 8 members). It provides real-time 72-h forecasts on 00 UTC and 12 UTC every day. The system mainly consists of 3 components: initialization of typhoon vortex, ensemble perturbation and post-process. The initial and lateral boundary conditions of STEPS are from NCEP/AVN datasets. Vortex adapted from the earlier prediction with GRAPES-TCM is alternatively embedded in the initial field of STEPS with relocation technique to replace the original vortex if it is much weaker than the observations. The Breed Growth Mode (BGM) method is used to generate a group of initial perturbed fields. During the BGM process, the operation for perturbation is made separately for vortex and its large scale environment flows. The STEPS offers forecasters products such TC track graphics, strike probability, track spaghetti, and spread. 
(5)  Data Assimilation with AMSU-A Radiance Data

The effect of assimilating the Advanced Microwave Sounding Unit-A (AMSU-A) radiance data for the analysis of Hurricane Katrina is assessed using the newly developed radiance assimilation capability in Advanced Research Weather Research and Forecasting (ARW) model and its 3-D variational data assimilation system (WRF-3DVAR). It successfully assimilates AMSU-A radiance data for hurricane initialization. For the Hurricane Katrina case, it is found that comparing with assimilated conventional observations and/or AMSU-A radiance data, assimilation of AMSU-A data plus a single sea level pressure (SLP) observation improves Katrina simulation during 108-hour forecast period. The enhanced warm core in the initial vortex, as well as the strengthened inflows at the lower levels and outflows at the higher levels improves the intensity forecast, especially during the initial rapid intensification period. Environmental advection is also more realistic comparing to the control experiment, and the improvement in the simulated track is quite dramatic, with track errors for 24h, 48h, 72h, 96h reduced from 151, 246, 451, and 519 km to 129, 103, 110, and 94 km, respectively.
(6)  Parameterization Scheme for Sea Surface Momentum Roughness Length
A high resolution and non-hydrostatic WRF model were firstly used with a parameterization scheme for sea surface momentum roughness length. The effect of this parameterization on the intensity and structure changes of super typhoon Saomai (2006) by using the different comparable schemes. Figure 2.4 showed that the final intensity of the model storm is significantly increased by using of the new parameterization compared with the traditional extrapolation. Because the simulated results are more consistent with the real observations, it can also improve intensity prediction of super typhoon Saomai (2006).
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Fig.2.4 The path (a) and intensity (b) of best TC track data (○ = track, ● = intensity), without new parameterization (◇ = TC track, □ = intensity), and with new parameterization (□ = track, ■ = intensity) experimental simulations for TC Saomei (2006), where the dot-dash lines stand for the transition time of the different TC intensity change period, and the solid line stands for the time of TC landfall in (b).

(7) Theoretical Study of TC Maximum Potential Intensity (MPI)

An attempt has been made to extend the analysis of environmental dynamical control of tropical cyclone (TC) intensity recently performed for the western North Pacific (Zeng et al 2007) to the North Atlantic (Zeng et al. 2008). The results show that both the vertical shear and translational speed have negative effects on TC intensity, which is consistent with previous findings for other basins. It shows that few TCs intensified when they moved faster than 15 ms, The vertical shear threshold (20 ms-1) - the total wind difference between 200 and 850 hPa averaged by 5° latitude around TC center - is identified, above which few TCs get intensified, and below which most TCs may reach their lifetime peak intensity. Figure 2.5 presents the average intensity of total TCs over the Atlantic is a smaller than that over the western North Pacific. The SST-based TC empirical maximum potential intensity (EMPI) in 1981–2003 is found slightly higher than that in 1962–1992.
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Figure 2.5(a) A spread diagram of TC intensities (maximum surface sustained wind in m s-1) versus SST (oC) over the Atlantic during 1981-2003. The Intensity was corrected by subtracting the storm translational speed. The empirical MPI (m s-1) as a function of SST (oC) derived for the Atlantic is shown in solid curve. The solid curve with triangle in (a) shows the empirical MPI for Atlantic (DeMaria & Kaplan, 1994). The solid curve with square in (a) shows the empirical MPI for the western North Pacific from Zeng et al. (2007). (b) The maximum intensity and the 95th, 90th, and 50th intensity percentiles for each 1oC SST group as defined by DeMaria & Kaplan (1994).
To be consistent with the theoretical TC MPI, a new EMPI has been established, which includes the effect of thermodynamic efficiency. This new EMPI marginally improves the estimation of real TC maximum intensity because the thermodynamic efficiency is largely determined by SST. To include the environmental dynamical control of TC intensity, a dynamical efficiency scheme is introduced, which is inversely proportional to the combined amplitude of the vertical shear and translational speed. With this dynamical efficiency, an empirical maximum intensity (EMI) for the Atlantic TCs has been established. This EMI includes not only the positive SST contribution but also the effects of both thermodynamic and dynamical efficiencies, and it provides more accurate estimations of maximum TC intensity.
(8)  Operational Numerical Wave Forecast System

An operational wave forecast system is created based on the third-generation Wavewatch III model. By setting up a more reasonable wind field for the typhoon model, it improves the precision of TC wind forecasts, and the calamitous wave field. This system runs two times a day and generating model outputs and displays. The products include sea surface wind, significant wave height, mean wave direction, mean wave cycle and swell height in 168 hours, which are shown on MICAPS platform and internet web site separately. Statistic shows that the precision of these products is about 5% higher compared to that from the previous wave model. 
2.    Progress on Key Result Area 2:  Minimized Typhoon-related Social and Economic Impacts
a.    Meteorological Achievements

(1)  New Operational Platform
A new operational platform-MESIS developed and put into applications in 2008 based on GIS to deliver typhoon tracks and intensity products to the public, which modified and updated gradually to meet demands in TC forecasters at NMC.  
(2)  CMA’s Internet System
CMA’s Internet system was set up in 1997. Now it has established internet access with two different ISPs through firewall with a two-way 100M-Bandwidth link. As the network-oriented meteorological information platform, internet system provides WWW, E-mail and DNS services. Meanwhile, internet system also provides network access and data exchange service for weather information service website such as the official website of CMA (http://www.cma.gov.cn), international communications systems and other international meteorological services like TIGGE. 

(3)  Sending One Hour Real Time TC Message
One hour real time typhoon message will be sent through GTS, web and cell phone short message service when typhoons move into a 24-hour warning zone, moreover the message needed to be sent out in 15 minutes (telecommunication time is 2 minutes).
(4)  Developing a Special Operational Web of Typhoon
A special operational website of typhoon has been set up by NMC since 2007 to meet the demands of the meteorological offices and the general public.
b.   Hydrological Achievements

The project of Urban Typhoon Disaster Risk Management led by China has been endorsed by the Typhoon Committee as the cooperative project with 3 working groups.  

The purposes of the project are to exchange the experiences on management and reduction of floods and typhoon-induced disasters in urban areas among TC Members; to share the urban flood monitoring techniques, urban flood forecasting methodologies, early warning and disaster assessments among TC Members, and to improve management of urban flood and other typhoon-related disasters in TC landing region.

The expected result of the project is to prepare “Guidelines on Flood Mitigation and Risk Management for Urban Planning and Development in the Typhoon Impacted Areas".

c.   Disaster Prevention and Preparedness 
Contacting with State Flood Control and Drought Relief Headquarters

For enhancing the services for the public, CMA also co-operated with other government agencies in preventing and preparing for meteorological disasters. A video conference system has been built between CMA and Civil Aviation Administration of China, which can transfer warning messages of meteorological disaster such as typhoon to users. And a two-way video discussion system is under feasibility study. In November CMA took part in the rescue exercise organized by Ministry of Transport, PRC. In the exercise, a shipwreck accident due to typhoon-associated high winds was assumed. CMA prepared typhoon forecasts to ensure the safety of the rescuers in an extreme weather event. Through this exercise CMA gained experience in service delivery for activities under extreme weather conditions.

d.   Research, Training, and Other Achievements
Guangzhou TC Model in Quasi-operational Run
In 2008, Guangzhou Tropical Cyclone Model (GZTCM) was put into quasi-operational run at ITMM. Incorporating the Global/Regional Assimilation and Prediction Enhanced System, Tropical Monsoon Model (GRAPES_TMM) as the core component, the model is a TC forecast system targeted to the South China Sea. Compared to the previous model (Guangzhou Typhoon Model, or GZTM), with a 72-h validity and 0.50º resolution, GZTCM has increased the spatial resolution to 0.36º and extended to 120 hours in forecast lead time. For the initialization, the bogus and typhoon repositioning techniques are used; for data assimilation, 3-D variance (GRAPES_3dv) is used. With typhoon track and intensity forecasts being improved, GZTCM is capable to forecast the TC formation processes (Figure 2.6).
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Figure 2.6 Forecasting of the formation of Typhoon Wutip to the southeast of Taiwan Island in August 2007 by using GZTCM.

At the same time, the following work has been done at ITMM to increase TC forecast skills:
The typhoon initialization scheme has been improved and relevant experiments have been conducted. Main improvements have been made in the previous initialization scheme (TC repositioning and Bogus Data Assimilation, BDA), especially for landing typhoons. Taking into account the difference in the boundary where land meets the sea, a new version of bogus data have been reconstructed together with relevant data assimilation techniques. As shown in case experiments, these are successful in improving TC track, wind and rainfall forecasts.
An operational parallel experiment has been made by adding surface temperature analysis in real time. With the old framework, univariate-analysis is added to update the real-time surface temperature analysis by using the recursive filtering technique. Then, an operational experiment has been carried out for comparisons, which show improvements in model forecast accuracy.
The water vapor advection scheme has been improved, and both case experiments and operational experiments have been conducted. The original Lagrange scheme for water vapor advection is not good enough to address synoptic systems with relatively large water vapor gradients, such as typhoons. On the basis of examining a number of reference schemes, a PRM scheme recently developed at the National Numerical Forecast Center has been used and the new module has been incorporated into the GRAPES_TMM system, together with a series of tests and parallel experiments. As shown in case experiments, the new scheme contributes to the improved TC precipitation, intensity and track in the modified model (Figure 2.7).
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Figure 2.7   A Comparison of TC forecast tracks between the new and old schemes (The solid triangle represents the observation and the solid circle refer to the forecast. The upper panel is for the old scheme and lower panel the new scheme)

A series of experiments has been made to compare physical processes, convection parameterization schemes and land surface processes in TC cases in 2008. The results show that properly selected physical processes help to improve TC track, associated wind & rainfall forecasts.
3.  Progress on Key Result Area 3: Enhanced Beneficial Typhoon-related Effects for the Betterment of Quality of life 

a.   Meteorological Achievements
The Information-Access Platform for TC Monitoring and Warning Message

This project is based on the 2007-2011 SP of Typhoon Committee, AOP and the TC members’ platforms for disseminating the typhoon monitoring and warning Information. It focuses on the Information-Access Platform for the Asia-Pacific Typhoon Monitoring and Warning, including: (1) the platform will be built on the NMC’s website (English) of the Asia-Pacific Typhoon Monitoring and Warning Information. (2) The analysis on the climate characteristics of Northwest Pacific typhoons in the context of global climate change is to identify the tendency of typhoon variations during the past 50 years and the possible typhoon trend in the future. 

At present, the Chinese website of the Asia-Pacific Typhoon Monitoring and Warning Information has been established and the English website will be operational in 2009.
b.   Hydrological Achievements

c.   Achievements in Disaster Prevention and Preparedness 

Statistic Analysis of Typhoon Disaster Information
State Disaster Reduction Center carried out a 24-hour system to ensure in-time update of disaster information and it made full use of the platform of the State Disaster Reduction Committee to collaborate with other member agencies under the Committee, keeping them notified of the disaster status and relief work. The collected disaster and its rescue & relief information was reported to the State Council, relevant agencies and Ministries on a daily basis and published in Disaster Status of the Previous Day, Key Disaster Information, Disaster Rescue & Relief Work Report, and Information about Disaster Rescue and Relief Work, etc.

d.   Research, Training, and Other Achievements 

(1)  International training course on MICAPS

MICAPS is the meteorological information comprehensive analysis and processing system. It is a main forecasting platform in CMA. From 26 November to 7 December 2008, China Meteorological Administration Training Centre (CMATC) has delivered an International training course on MICAPS at National Meteorological Centre in Male, Maldives. The course included: installation of MICAPS, data transfer and conversion, maintenance on disk space, data directory structure, data access, graphic display and information setting, graphic editing /modifying, grid data editing and saving, auxiliary weather charts like Emagram and objective analysis tools.  
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(2) International Training Course on Satellite Meteorology 
From January to October 2008, CMATC has delivered an international Training Course on Satellite Meteorology with 36 participants. The course focused on: satellite performance, spectral bands and its application, application of satellite data in the now-casting of convective weather and thunderstorm, surveying earth from space, benefit to the end-users, application of cloud chart and water-vapor imagery in weather forecast, GPS satellite meteorology, location and intensity estimation of tropical cyclones, cloud derived wind products, preprocess and application of ATOVS data, the analysis and application of radiance temperature (TBB), methods of estimating precipitation, mini weather forecasting system of rainstorm and severe convective, new research achievements in disaster warning and prediction.
4.   Progress on Key Result Area 4: Improved Typhoon-related Disaster Risk Management in Various Sectors 

a.   Meteorological Achievements 

(1) IBM CLUSTER 1600 Parallel Computer System Serving as the Platform 
CMA imported IBM CLUSTER 1600 parallel computer system in July 2004. It consists of 376 calculate nodes, 3152 calculate CPUs, 8224GB memory, 8 I/O nodes and 128TB capacity of disks. Its theoretic peak performance can reach 21 TFLOPS, and serves as the platform of running 7*24 short-term climate forecast, ensemble forecast and some other high-resolution regional weather forecast models.

(2) CMA’s New DVB-S System
CMA’s new DVB-S system, which will replace the current PCVSAT system in future, has extended its receiving stations from 350 to 430 in 2008. The new system has start operational in parallel with PCVSAT since April 2006. It supports the services of priorities-based data broadcasting, which can distribute warning messages and information to users at highest priority, and multimedia program broadcasting. Comparing with the current PCVSAT system, the new system gains the main advantages of higher data rates and lower costs for remote stations due to using standard DVB technology. 

At present, the total broadcasting rate for the new system is 8.5Mbps, and the daily broadcasting data volume is over 30GB, including the traffic of surface observations, upper-air observations, aircraft observations, weather radar observations and products, satellite observations and products, NWP products generated by weather and climate models, as well as FY satellite observations and products at 30 minutes intervals.

At RTH Beijing, Beijing-Bangkok link was upgraded from 9.6Kbps X.25 circuit to 64kbps IP link in January 2008. 

(3) NSMC Release of Real-time TC Analysis on the Website
Up to 20November 2008, the National Satellite Meteorological Centre (NSMC) monitored and analyzed 21 tropical cyclones with meteorological satellite data. The tasks include not only TC center locating, intensity estimation, track monitoring, structure analysis, but also TC thermal and cloud-rain structures, distribution of the high wind zones, and heaviest rainfall areas, etc. NSMC releases the real-time TC analysis, such as the TC locations, strength, tracks and comprehensive analysis reports with the multi-data on the website. The website address is http://dear.cma.gov.cn. 
(4) Typhoon Forecast Conference
Typhoon forecast conferences of forecasters and researchers in coastal provinces are held on an annual basis before the typhoon season begins since 2006. Such events will address the major technical issues encountered by operational forecasters. 

b.   Hydrological Achievements 

Since 2005, SFCDRH requests various river basin authorities to select 2-3 provinces as a pilot project for flood risk mapping for important rivers, reservoirs and flood storage areas. As from 2007, 36 pilot studies in seven major river basins (detention areas, cities, dikes, dam failure events) have all been conducted.
c.    Achievements in Disaster Prevention and Preparedness 

(1)  China's Disastrous Weather Atlas
In 2008, the new Atlas of weather disasters was integrated based on the official publication of “China's disastrous weather atlas”, which includes the typhoon-induced disasters and its temporal and spatial changes. It is a useful material for non-meteorologists to be aware of typhoon disasters in emergency responses.

Every year, a considerable number of typhoons landed on China, then investigations on typhoon-induced disasters in the affected area, including damages and economic losses, which contribute to typhoon preparedness and disaster mitigation. In 2008, before the landfall of a strong typhoon, CMA sent out a work team to relevant provinces to help make local arrangements for disaster preventions and damage investigations after a predicted event.
(2)  Chinese Meteorological Disasters Annual
In 2008, CMA continued to compile and publish the "Chinese Meteorological Disasters Annual". The document includes the records and analyses of main meteorological disasters in 2008, as well as some figures about damages, economic losses and impact analysis of the world's major meteorological disasters in the year. 
d.   Research, Training, and Other Achievements
Improvement in Disaster Reduction and Relief Technology

The State Disaster Reduction Center enhanced the emergent-response communication facilities. New and high-end technologies such as North Star navigation system and BGAN system were put in practical use to ensure timely communications. The center also organized a mock exercise to improve disaster monitoring and information collection. On September 6, a satellite for monitoring and forecasting environment and disasters was successfully launched, which provide strong technical supports and information for decision-making in disaster monitoring and reduction.  

5.   Progress on Key Result Area 5: Strengthened Resilience of Communities to Typhoon-related Disasters. 

a.   Meteorological Achievements

Typhoon Emergency Response

In 2008 18 typhoons generated (till October), out of which 10 landed on China. CMA initiated the “Meteorological Disaster Emergency Plan’ through CMA orders for 10 times, and reported to the central government and local authorities in the potentially affected areas. CMA also played an important role in disaster warning in support to the local governments in taking preventative measures, e.g. relocating people in risks. 

Compared with previous years, the economic loss and casualties were reduced. This was because of the following: (a) the ability of the typhoon track forecasts were improved. The errors of the 24-, 48-, 72- and 96-hour typhoon track forecasts issued by NMC were virtually comparable to those issued in Japan and the United States; (b) the meteorological establishments at all levels provide the typhoon surveillance and warning service in a timely manner. In response to the typhoon risks in coastal areas, CMA initiated “the Meteorological Disaster Emergency Plan” in some cases and it disseminated typhoon messages, warnings and emergency warnings to public and decision makers. The local meteorological offices in the coastal areas also closely watched typhoons, and provided timely typhoon forecasts and warnings through marine metrological broadcasts, the satellite meteorological broadcasts, mass media and mobile phone short messages. The local governments implemented Typhoon Disaster Relief Plan and relocated people from typhoon-threatening area to safety zones, which decreased the economic loss and casualties.

b.   Hydrological Achievements
In last two years, China enhanced flash flood monitoring and early warning system for disaster prevention and mitigation. The system was based on local transportation, communication, and socio-economic conditions, combing the advanced technologies with local conditions, economic feasibility, and operability. A monitoring system may comprise automatic remote rainfall stations and water level station as well as some simple rainfall monitoring sites. Some counties established local flood control information processing platform to provide useful information for decision-makers, forecasts and early warnings, which greatly improved the capacity of local authorities in disaster reduction and mitigation. 

c.   Achievements in Disaster Prevention and Preparedness 

100 high Schools and 100 Lectures on Meteorological Disaster Prevention
In 2008, trainings on how to avoid meteorological disasters including typhoons were organized by CMA. In responding to the request of the National Disaster Reduction Committee, the campaign of “one hundred high school and one hundred lectures” was launched by CMA Training Center, which educated young people to protect themselves from meteorological disasters. So far, more than 60 lectures on the extreme weather events have been given, and this activity will be accomplished in March 2009. This outreach activity is aimed at improving people’s ability to avoid meteorological disasters.

d.   Research, Training, and Other Achievements
(1)  Training on Application of the New-generation Doppler Weather Rader

From January to October 2008, CMA Training Center has offered 4 training courses on application of new-generation Doppler weather radars and one advanced course on application of the radar with more than 300 participants participated. These courses focused on the principles of Doppler radar, radar imagery, radar data quality control, radar echo characteristics in convective storms, radar products and computation and now-casts of severe convective weather.

(2)  Training on Meteorological Satellite Data Applications
From January to October 2008, CMATC has delivered 2 training courses on the application of meteorological satellite data with 157 participants attended. The courses were aimed at the basic principle of Satellite Meteorology, application of multi-channel satellite observations to weather and climate analyses and forecasts, satellite observations and applications to meso-scale systems, TOVS data production and application, derived wind products, TC positioning and intensity estimation, precipitation estimation methods, analysis and application of radiance temperature (TBB), water vapor images, outgoing long-wave radiation data, sandstorm monitoring  and large-scale cloud analysis.

(3)  Training on New NWP Technology 
From January to October 2008, 2 training courses have been given on new technology of NWP by China Meteorological Administration Training Center (CMATC) and 63 professionals attended the courses. The courses included ensemble forecasts, GRAPES system, statistical interpretation of NWP products, vector machine, research of meso-scale NWP model, etc.

(4)  Training on the Application of Mathematics to Meteorology
From January to October 2008, CMATC organized a training seminar on application of mathematics to meteorology, and 21 trainees attended the course. The training covered in solving edge-cutting problems in atmospheric sciences from a mathematic perspective, mathematic approaches in climate modeling, statistics (SVM, wavelet analysis, EMD, MTM-SVD, etc.), data assimilation theories and application, weather and climate predictability, NWP product interpretation.

(5)  Advanced Training Seminar for Chief Forecasters

From January to October 2008, CMATC provided an advanced training seminar for chief forecasters with an attendance of 34 senior forecasters. The course covered: severe weather nowcasting, calculation of convective parameters (lecture plus hands-on practice), GrADS mapping techniques and application of Linux and development (lecture and hands-on), application of potential vorticity and Q vector to weather analysis and forecasts, simulated daily weather discussions and weekly weather review. 
(6)  Domestic Training on Disaster Emergent Relief
In 2008, State Disaster Reduction Center organized 3 trainings on the management in emergent response to floods. 685 officials from disaster-relief departments in provinces took part in the trainings. Another seminar on advance planning of national disaster relief and emergent response was also held, with 187 officials from provincial authorities received the training. These events increased their knowledge of disaster risks and ability to manage emergent responses. 
(7)  On-the-job training on flood forecasting systems.
To establish a flash flood early warning system in China, to improve flash flood forecast techniques, and to learn the foreign experience in this field, the Hydrological Bureau under the Ministry of Water Resources, made a study tour in the United States under the auspices of the State Administration of Foreign Experts Affairs of China.

The training on Flash Flood Early Warning, Forecast Techniques and Application Software was attended by 15 professionals from the hydrological bureaus of Heilongjiang, Liaoning, Beijing, Anhui, Sichuan, Hubei, Jiangxi, Zhejiang, Guangdong and Guangxi. The training was partially held at the Hydrologic Research Center (HRC) in San Diego for 3 weeks from January 7 to February 2, 2008. The trainees also visited industries such as EDAW Inc. branch office in San Diego and the California-Nevada River Forecast Center in Sacramento. Discussion and exchanges were made on applications of remote sensing, telemetry, integrated digital elevation model (DEM), distributed hydrological model, landforms and geological conditions that are prone to flash floods, flash flood forecasts in temporal and spatial scales, uncertainties, and parameter sensitivity analysis, etc. 

The training enabled participants to understand the US flash flood early warning system based on rainfall amount, theories and technical schemes. The HRC also introduced how this system was used in Central America, Republic of Korea, South Africa, Romania, four Asian countries in the Mekong River basin and California. It was not only an eye-opening program, but also an inspiring for China to establish a system for flash flood forecasting.  

6.   Progress on Key Result Area 6: Improved Capacity to Generate and Provide Accurate, Timely, and understandable Information on Typhoon-related Threats. 

a.   Meteorological Achievements
(1)  Typhoon Track Prediction Probability Circle and Landing Typhoons Strike Probability
Typhoon track prediction probability circle and landing typhoons strike probability for the first 3 days have been established based on the historical forecast errors from 4-year samples (2004-2007) due to the TC track forecast uncertainties. These efforts improved the public TC service.
(2)  Timely Numbering Tropical Depressions
As soon as a tropical depression formed at seas within the 48-hour warning zone, a number would be given to it. TC track and intensity forecasts are issued 4 times per day, to meet the requirements of the public.
(3)  Hourly Typhoon Information Exchanges via Websites or Telephones
When typhoons moved towards Taiwan or Hong Kong, hourly TC messages are exchanged through websites or telephones. For example, when typhoon Nuri (0812) landed on Hong Kong on August 22 in 2008, communications were made with the colleague of Hong Kong Observatory through telephone and the landing information was informed in real time.  

(4)  Establishing Typhoon Model and Subjective Standard Verification Data on a web site 
Typhoon model and subjective standard verification data on a web site has been established in 2008, it can provide the real-time verification data to the forecasters so that the accuracy of models and subjective forecast can be learned in time to modify the typhoon track forecast.  

b.   Hydrological Achievements

c.   Achievements in Disaster Prevention and Preparedness 

Also see II. 5. a.

d. Research, Training, and Other Achievements

(1)  CMA Training Meteorological Information Members in Rural Areas 
Meteorological information members in rural areas are being established and trained by the CMA. In the coastal and south-eastern provinces, the rural information members help local meteorological department to investigate the local major weather disaster types and areas. Then the defense plans for major weather disasters and mechanism of emergency response and warning to meteorological disasters are established. The major disaster information will be delivered in time to the principal of disaster mitigation units and the leader of the village. The targeted training will be conducted by province meteorological departments, once or twice one year.

(2)  Researches on tropical cyclone
To get better understanding of tropical cyclone (TC) formation and landfall, researches on tropical cyclone mainly were focused on following aspects in 2008, including TC intensity/structure change, TC motion, TC rainstorm, and TC formation etc.
More attentions were attached to the typhoon mesoscale structure based on remotely sensed data and numerical simulation. The dual-Doppler observations are used to investigate the mesoscale structure of the spiral rain band of typhoon Prapiroon (0606), which is located 180km northeast to the storm center during its landfall. It is found that the rainband is 200km long and 35km wide with multi-cell arrayed from northeast to southwest. From the upper band to lower band, the vertical wind decreases, but the crossband wind increases. Numerical studies and diagnostic analyses were made on the spiral cloud band structure of typhoon Haitang (2005) during its landing period. Results indicate that the principal rain band caused by vortex Rossby waves lies in somewhere of the maximum gradient of temperature and azimuthal winds. However the convergence level of secondary rain band is higher than the former. It mainly corresponds with the ladder-shape frontal zone of equivalent potential temperature near the typhoon center.  

Intensive surface observations on the remnant of typhoon Rananim (0413) indicate that when weak cold air intrudes into TC remnant, mesoscale system could be generated from the interaction between the north dry wind (cold air) and the easterly wet wind (warm air). The mesosclae convergent shear line is lying in the border of the two different air flows and the heavy rainfall in the remnant is corresponding to the mesoscale convergent shear line. Radar observations and numerical simulations show that convergent airflows exist in TC rain bands. The TC heavy rainfall occurs in vicinity of the mososcale vortex or convergent line.

Some typhoons tend to intensify when they approach to the land. Numerical studies were made to investigate the intensification processes of typhoon Rananim (0413) over China’s coastal water. It was found that net convergent field existed at 200 hPa level in the intensification stage. The minimum sea level pressure decreased with the increasing of the net convergence, and vice versa. On the other hand, both TC structure and intensity might change dramatically in its extratropical transition (ET) process. Typhoon Winnie (9711) underwent an ET process or re-intensified after its landfall. A frontal genesis loop around the typhoon center was found in lower layer of Winnie circulation. The characteristics were different between the northern and western front zones. Compared with the latter, the intensity of northern frontal genesis and the secondary vertical circulation were much more evident in the northern front zone, leading to more heavy rainfall. 

The typhoon motion often changes suddenly due to the complex air-sea-land interactions in its landfall process. A semi-geostrophic barotropic vorticity model is used to simulate the impacts of topographic forcing and land frictions on landing TC tracks. Findings show that TC track may deflect suddenly when topographic friction dissipation is considered. The sudden deflection of the TC track is more likely when TC intensity is weak and the land friction is strong. Based on the weather map and radar data, the ambient atmospheric characteristics and structure of Haitang (0505) were analyzed when it looped over the offshore water northeast to Taiwan. Findings also show that the Taiwan topographic forcing and TC thermodynamic asymmetry tend to cause dynamic asymmetry, leading to a looping motion in a cooler field. Numerical studies suggest that the looping track is related to the effect of Taiwan terrain in conjunction with typhoon asymmetric structure under a weak steering flow. Taiwan topography trends to increase the asymmetric TC structure in its SW-NE direction. Moreover, statistics shows that the positive temperature anomaly near the typhoon center at higher levels is related to the typhoon motion. The stronger temperature increase area and the direction of axis line may indicate the typhoon motion direction.

More emphasis was given to the interactions between monsoon and typhoon in the TC rainfall mechanism. Studies show that the typhoon rainfall may be reinforced significantly due to the associated South China Sea monsoon trough. Typhoon Bilis (0604) is a typical case interacted with monsoon south west flow. Its lifetime over land, asymmetric structure and persistent rainfall linked to the onset of the southwest monsoon. Numerical sensitivity experiments show that the strong southwest monsoon may supply large amount of water vapor and energy for typhoon by the lower layer jet stream (LLJ). The intensity and layout of TC rainfall may change with LLJ. 

The study on the mechanism of typhoon rainfall is another focus in 2008. Statistical studies were made to explore the correlation of the Shandong rainstorm with remote typhoons over the coastal water of south China. It is found that 2.5 remote typhoon rainstorms take place in Shandong province each year. The southerly LLJ on the peripheral of east quadrant of the typhoon can transport water vapor to the province that is favorable for the local rainfall. A case study indicates that remote typhoon rainfall is related to the westerly trough and typhoon.

A statistical study was made on TC activity from 1949 to 2002. Findings show that both of the mean and minimum TC latitudes decreases with the increase of the sea surface temperature over the Arabian Sea, the Bay of Bengal and the South China Sea. However, the TC latitude has an increasing trend over the west North Pacific.

The study also shows that the circulation anomalies over the eastern Australia are closely related to TC frequency over the western Pacific. The geopotential height anomalies affect the convection over ITCZ near the Philippines not only through the cross-equatorial flows, but also through the Rossby wave propagation. Therefore, TC frequency over the western Pacific may be affected by the remote correlation between the two hemispheres. 

It is confirmed through the gradient wind equation that the rising of the temperature gradient leads to a higher vorticity. This means that the cold air may promote TC development if the warm core has not been destroyed. Numerical experiments demonstrate that the cold air, which intrudes TC periphery from the north hemisphere, will intensify the northbound wind of TC. The driving force to TC center is formed, which will intensify the convergence. On the contrary, the warm air tends to reduce TC northbound wind and weaken the convergence. 

(3) Real-time TC Positioning over the South China Sea 
At Guangzhou Central Weather Observatory, real-time positioning was made in 2008 for the tropical depressions and cyclones over the South China Sea by using the observations from satellites and maritime stations, and all tropical depressions and cyclones were monitored and forecasted for the South China Sea and the southern China. Figure 2.9 gives the track of a tropical depression over the South China Sea in October 2008.
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Figure 2.9 The observed track of a tropical depression over the South China Sea at 1200   UTC, 18 October 2008 at an interval of 6 hours.
At the Guangdong Meteorological Bureau, offshore and landing tropical cyclones are monitored by a mesoscale surface observation network of automatic weather stations and a Doppler radar network, both covering the whole province, TC locations and intensities are collected in real time and made available to the public and government authorities concerned, the TC rainfall and wind measurements were processed in real time; and the wind intensity and rainfall and their distributions of offshore and landing TCs were timely accessed. Figure 2.10 shows the of Doppler weather radar network coverage.
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Figure 2.10 The coverage of Doppler weather radar network.
(4) Participate in THORPEX-TIGGE and Exchange Real-time Data via the Internet

Typhoon ensemble forecasts are based on the mesoscale typhoon model called GRAPES-TCM, adopted by the Shanghai Typhoon Institute (STI) in 2004. The Typhoon ensemble system has been put into quasi-operational use since the flood season in 2008. Currently, the ensemble system provides the real-time forecasts at 00 UTC and 12 UTC everyday including 9 members (1 control plus 8 members). The system consists of 3 components: the initial process of typhoon vortex, the ensemble initial perturbation process and the post-process, generating a variety of ensemble products and verifications, including the typhoon track graphs, strike probability, typhoon center location at different times, spaghetti and the spread distributions. GRAPES-TCM EP outputs are given in two standard formats: MICAPS data format and CXML format, to meet the needs of THORPEX Interactive Grand Ensemble (TIGGE) project. The real-time ftp linkage has been set up between STI and Australia. TC ensemble products are exchanged with other centers.

(5) The Progress of Typhoon Projects

In the typhoon seasons of 2008 CMA started 08TY-IOP to implement the instruction of the central government on enhancing TC scientific research and to fulfill the task for typhoon preparedness and disaster mitigation. In this regard, CMA set a work flow for 08TY-IOP. The provinces concerned, the Shanghai Metrological Bureau, the CMA Meteorological Observation Centre, the Guangdong Metrological Bureau, and the Chinese Academy of Meteorological Sciences are mobilized in the project. CMA Meteorological Observation Centre, together with relative CMA bodies and factories carried out experiments on typhoons tracking by unmanned aircrafts and dropsondes, through which preliminary experience was gained in the typhoon observations.   
(6) Improve Regional in Situ Observations for Typhoon Monitoring
Some field experiments were conducted to explore the structure and rainstorm clouds of landing typhoons in 2008. The SCHeREX funded by "973" research project - China’s National Key Basic Research Program Project - was launched in 27 May - 20 Aug 2008. Two rainstorm processes associated with Fengshen (0806) and Kalmaegi (0807) were observed with data from Doppler radars, satellites, AWSs, intensified upper air and surface observations etc. were acquired. In the same time, a typhoon project was launched by CMA in 2008. Unmanned aerosonds were used to detect typhoon Fengshen and Sinlaku for the first time in summer 2008. This activity provided a basis for future experiments. Moreover, mobile radars were deployed to detect typhoon structures in the West Pacific Tropical Observation Experiment and Predictability Study on China’s High Impact Weather. Another 973 project on changing mechanism of landing typhoons was approved in 2008. A scientific field experiment was planned in about 2009. All these experiments will enable us to better understand TC structure/intensity changes and rainstorm mechanism.  
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Figure 2.11 Wind speed variations of typhoon Kalmaegi (0807) detected by aerosonds on 18 July, 2008

(7) Field Experiments for Landing Typhoon
Special field experiments have been carried out for a landing typhoon, Fung-wong (0808), by GPS sonds, mobile wind profiler, Sonic Anemometer/Thermometer, and AWSs. Real time observations were provided to weather forecast offices during the experiment. The collected data were processed and analyzed. Figure 2.12 gives a water vapor density from microwave radiometer for Wipha (2007) (left panel) in comparison with Fung-wong (right panel) before and after landing. 
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              Wipha                          Fung-wong
Figure 2.12 Time-height sections of vapor density obtained from microwave radiometric in Wipha (2007) (left panel) and Fung-wong (2008) (right panel) typhoon before and after landing. Red arrow for the landing time.
(8)  The Intensive Observation of the Boundary Layer for TC over the South China Sea
A base for maritime meteorological science experiments was set up by ITMM at Bohe, Maoming, Guangdong province (21º27′36.73″N, 111º19′24.02″E). As a primary observation site, it has been equipped with AWSs, wind profiler, microwave radiometer and ultrasonic anemometers-thermometers for making intensified boundary layer observations for the tropical cyclones over the South China Sea, focusing on TCs that are landing or approaching to it. Figure 2.13 gives the location of the experimental base.
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Figure 2.13   An experimental base at Maoming (location and observations instruments)

In 2008, comprehensive observations were made by ITMM on the dynamic and thermodynamic structures of 3 TCs that landed from the South China Sea, and real-time boundary layer observations were acquired.
The boundary layer of severe tropical cyclone Kammuri was observed at the base in 6 - 7 August2008 and high temporal-resolution surface wind direction/speed, air temperature, pressure and precipitation were measured. The boundary layer of severe typhoon Kammuri was observed at the base in 23 - 24 September 2008, as it was landing at Chencun, Dianbai County.
The temperature and humidity structures in the boundary layer of Typhoon Nuri were observed in Zhuhai in 20-21August 2008. Figure 2.14 shows the track of Kammuri, Nuri and Hagupit in 2008.

Figure 2.14   The observed moving tracks for the tropical cyclones of Kammuri, Nuri and Hagupit in 2008 with the interval at 6 h. The typhoon symbol indicates the location where the typhoons are formed.

In the meantime, tracking observation was carried out by the Climate Center of Guangdong Meteorological Bureau for the severe tropical cyclones Kammuri, Nuri and Hagupit in 2008. The severe TC Kammuri was monitored from 1600 UTC ( same below) August 5 to 0000 UTC August 7, 2008, with portable, mobile observing instruments on the Hailing Island, Yangjiang, Guangdong province. The landing typhoon Nuri was measured from 1600 21 August to 0300 23 August 2008, by using portable, mobile observing facilities in Taishan, Guangdong province. The landing typhoon Hagupit was observed from 1000 23 September to 0200 25 September 2008, with similar observing instruments in Wuchuan, Guangdong province.

Besides, a database for typhoon boundary layer observations was set up, including 3-D wind and temperature (with dynamic response frequency ≥10HZ), gradient wind direction and speed, humidity, pressure and precipitation for the 3 targeted typhoons.

7.   Progress on Key Result Area 7: Enhanced Typhoon Committee’s Effectiveness and International Collaboration. 

a.   Meteorological Achievements
(1)  ESCAP/WMO Typhoon Committee Workshop on Impacts of Climate Change 

ESCAP/WMO Typhoon Committee Integrated Workshop on Coping with Climate Change in the Typhoon Committee Area was held in Beijing from 22 to 26 September 2008. This workshop was co-sponsored by the Ministry of Water Resources (MWR), China Meteorological Administration, U.N. Economic and Social Commission for Asia and the Pacific (ESCAP), and ESCAP/WMO Typhoon Committee. Mr. E Jinxing, Vice Minister of MWR attended the opening ceremony and delivered a speech to call for further regional cooperation in technology, policy and strategy fields to enhance the capacity in response to climate change, and he also expressed willingness to learn from technology and experience of neighboring countries. Mr. E met the representatives of related governments and international organizations before the opening ceremony. The major theme of 5-day workshop was to “evaluate and minimize potential economic and social impacts of climate change”. 
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(2) Typhoon Committee group joint meeting
A joint meeting of the Typhoon Committee joint meeting was held in Macao in 26-28 November 2008. The meeting mainly discussed some projects under the auspices of the Asian Development Bank.

b.   Hydrological Achievements

c.   Achievements in Disaster Prevention and Preparedness 

Statistic and Analysis of Typhoon Disaster Information
The State Disaster Reduction Center carried out a 24-hour system to ensure timely updates of disaster information, and to make full use of the existing platform of the State Disaster Reduction Committee to enhance the cooperation among agency members under the Committee, keeping them notified of the disaster status, rescue and relief work. These daily updated information was reported and published on Disaster Status in the Previous Day, Key Disaster Information, Disaster Relief Working Report, and Information of Disaster Rescue and Relief, etc., which were delivered to the State Council and relevant agencies or ministries, to keep them informed about the disaster situations for decision making. 
d.   Research, Training, and Other Achievements
International Training in Disaster Emergent Relief

Since 2008, the Ministry of Civil Affairs, Ministry of Foreign Affairs and Ministry of Commerce have cosponsored a series of international training sessions on integrated disaster management, including:

APEC seminar on management of disaster emergent response and reconstruction; 
Shanghai Partnership seminar on management of disaster emergent response;
Seminar for officials on management of disaster emergency response; 
Seminar for Asian countries on risk management of disasters. 
These training events provided platform for communication among different countries in disaster management, and laid a solid groundwork for future international cooperation in this area.

III.   Resource Mobilization Activities 
N/A.
IV. Update of Members’ Working Groups representatives 
1.   Working Group on Meteorology 
Dr. LEI Xiaotu
Director of the Shanghai Typhoon Institute, CMA
Tel: +86 21 54896415

E-mail: leixt@mail.typhoon.gov.cn
2.   Working Group on Hydrology 
Dr. LIU Zhiyu

Deputy Division Director

Bureau of Hydrology, Ministry of Water Resources

2 Lane 2, Baiguang Road, Beijing 100053, China

Tel:
(86-10) 63204513 (Office)

Fax:
(86-10) 63202471

Email:
liuzy@mwr.gov.cn 
3.   Working Group on Disaster Prevention and Preparedness 

4.   Training and Research Coordinating Group 

5.   Resource Mobilization Group

Associated reporters from:
Department of Forecasting Services and Disaster Mitigation, China Meteorological Administration
Department of Observation and Telecommunication, China Meteorological Administration 
National Meteorological Center (NMC)

National Satellite Meteorological Center (NSMC) 

National Climate Center (NCC)

National Meteorological Information Center (NMIC)

Chinese Academy of Meteorological Sciences (CAMS)

China Meteorological Administration Training Center

Shanghai Typhoon Institute of China Meteorological Administration 

Guangzhou Tropical Ocean Institute of China Meteorological Administration 

The Ministry of Water Resources of the People’s Republic of China

The Ministry of Civil Affairs of the People’s Republic of China
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Figure 2.8   An international training course on MICAPS





The base of scientific experiments in Maiming





A platform for marine meteorology
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A 20-meter tower with 3 layers of temperature and humidity gradients








A 25-meter tower with 4 layers of temperature and humidity gradients








A 100-meter tower with 7 layers of wind and 3 layers of temperature and humidity gradients





A wind profiler for boundary layer observation
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