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l. Overview of tropical cyclones whichhav A AEEZAAOAATEI PAAOAA - Ai AAOGO

1.1 Meteorological Assessment

In 2011, totally 21 tropical cyclones (including tropical storms, severe tropical storms,
typhoons, severe typhoons and super typhoons) formed over the western North Pacific Ocean and
thA 371 OOE #EET A 3AA j&EGCp8pQ8 !'111¢ OEAIh x 4#0 14
Tropical Storm SARIKA1103), Tropical StormHAIMA(1104), severe tropical stormMEARI(1105),
severe tropical stormNOCKIEN(1108), super typhoonNANMADQ (1111), severe typhoonNESAT
(1117) and severe typhoonNALGAE1119).
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Fig 1.1 The tracks of TCs over the westerr Fig 1.2 The tracks of TCs that landed or
North Pacific and the South China Seain201: # EET A6 O AT AOOAI AOAA

1.1.1 The characteristics of ro pical cyclones in 2011
The characteristics of the tropical cyclones in 2011 are as follows:

1) Less and weaker TCs than normal

In 2011, 21 TCs formed over the western North Pacific and the South China Sea. The number
was obviously less than the normal averge (27.1). 9 of them developed into typhoons or beyond,
accounting for 43% of the total, the percentage was also lower than the normal average (62%). And

the average intensity of all 21 TCs was 33.4m/s, which was lower than the normal average
(40.7m/s).

2) TCgenesis region tended to be located further north and east

In 2011, 10 TCs formed over the sea to east of the Philippines, 8 TCs were located over the
waters north of Guam and Marshall Islands and 3 TCs (normal 5) generated over the South China
Sea. Comared with the normal positions, TC genesis region was located further north and east.

3) ,ATAET C 4#06 ET OAT OEOU xAO xAAEAO OEAT 11 Oi Al
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almost equivalent to the annuhaverage (6.9). But the average intensity of all landing TCs was only
33.4m/s, which was weaker than the normal average (40.7m/s).



4) Early landing time for the first landing TC

Tropical Storm Sarika (1103) was the first landing TC on China in 2011. It lardl on
Shantou/Guangdong on 11 June. Its landing time was 18 days earlier than usual (June 29).

Severe Tropical StormMeari (1105) madke its landfall on Rongcheng, Shandong on 26 June. The
landing time was 23 days earlier than Super TyphooBillie (7303), which was the earliest landing
TC on Shandong province in records

5) Frequent binary TCs

During the 2011 typhoon season, there were 8 binary TCs over the western North Pacific and
the South China Sea. They wetgaima (1104) vs. Meari (1106), Ma-on (1106) vs. Tokage(1107),
Nockten (1108) vs. Muifa (1109), Muifa (1109) vs. Merbok (1110), Nanmadol (1111) vs. Talas
(1112), Talas(1112) vs. Noru (1113),Roke(1115) vs. Sonca(1116) and Nesat(1117) vs. Haitang
(1118) respectively.

6) Weaker rainfall volume with str  onger local rainfall
In 2011, the total TGOAT AOAA OAET £ZA1 1 xAO xAAEAO AAOI 6O Al
and it was mainly distributed in Hainan, Guangxi and Guangdong provinces. But there was stronger
local rainfall in some coastal areas. For eaxple, during the affect oNanmadol(1111) on the Fujian
province, 443.4mm accumulated rainfall in 9 hours was observed in Lingiao, Putian, Fujian from 18
UTC, 31 August to 03 UTC September. During the impactN##sat(1117) on the Hainan province,
904.6mm accumulated rainfall was observed in Wangxia, Changjiang, Hainan from 12 UTC 28
September to 22 UTC 29 September. During the period when thalgae (1119) was affecting the
Hainan province, 333.6mm accumulated rainfall in 24 hours was observed in Haikdétainan from
12 UTC,4 October to 12 UTC 5 October. These stronger local rainfalls caused severe floods in the
above areas.
7 2ATAOEOAT U xAAEAO EIi PAAOO 11 #EET Abibducadl 1 AT A A
disasters
During 2011, there were relativelyheavier impacts by strongwind and rain only in the eastern
coastal areasand the southern China. There were lighter impacts on inlandreas About18.128
million people were affected by landing TC9 people were killed ormissing, direct economic loss
is about 2371 billion RBM Yuan The number of death toll and missing people was the leasince

2000 (283 people died or missed since 2000 on average). The direct econoniies was less than
the averagesince 2000(CNY31.82 billion since 2000).

1.1.2 Operational Forecast s

In 2011, the China Meteorological Administration (CMA) continued to improve its observation
and forecasting system. The National Meteorological Centre (NMC) of CMA established an objective
TC positioning and intensity estimation system using FY2C/D/E ahMTSAT infrared channel 1 data
and products from the Regional Typhoon Numerical Prediction Model (GRAPE®M), which was
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based on GRAPES_MESO model, and NMC continued to improve its 4maltel consensus TC track
prediction system, super ensemble TC tragirediction system based on TIGGE data and its Typhoon
Information Processing System (TIPS). In 2011, the 24h, 48h, 72h, 96h and 120h mean distance
errors of NMC/CMA subjective TC forecasts were about 113, 187, 277, 398 and 509km respectively
(Table 1.1).

Table.1.1 Mean distance errors of NMC subjective TC forecasts in 2011 (km)

Forecast time 24h 48h 72h 96h 120h
2009 119 205 299 392 514
2010 107 199 296 387 499
2011 113 181 277 398 509

1.1.3 Narrative on Tropical Cyclones

8) SARIKA (1103)

SARIKAemerged as aropical depression over the eastern part of the South China Sea at 06:00
UTC 9 June 2011. It moved northwest afterwards and developed into a tropical storm at 18:00 UTC
9 June. Then it turned northnorthwest. SARIKAapproached gradually to the eastern cast of the
Guangdong province. It landed on Shantou of the Guangdong province at 21:45 UTC 10 June with
the maximum wind at 18m/s near its centre. After landfallSARIKAMoved north with its intensity
being weakened gradually. It turned into a tropical degession in Fujian province, where it
disappeared at 06:00 UTC 11 June.
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Fig 1.3b F¥3B image at 05:35 UTC
10 June 2011
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Fig 1.3a Track of SARIKA1103)

9) HAIMA (1104)

It firstly turned out as a tropical depression over the east off the Philippines at 080 UTC 18
June 2011. It moved northwest afterwards and developed into a tropical storm over the
northeastern part of the South China Sea at 18:00 UTC 20 June. It approached gradually to the
western coast of the Guangdong provincélAIMAlanded at a site b&veen Dianbai and Yangxi of the
Guangdong province at 02:10 UTC 23 June with the maximum wind at 20m/s near its centre. Later

it landed again on Wuchuan of the Guangdong province at 08:50 UTC 23 June with the maximum
5



wind at 20m/s near its centre. After is second landfall, it turned southwest and entered the Beibu
Gulf. It landed for the third time on the northern Vietnam on 24 June. It was weakened rapidly and
became a tropical depression at 18:00 UTC 24 June. At last, it disappeared over northern Vietaam
21:00 UTC 24 June.
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Fig 1.4a Track of HAIMA(1104) Fig 1.4b FY¥3Aimage at 02:50 UTC
23 June 2011

10) MEARI (1105)

Tropical storm MEARIwas formed at 06:00 UTC 22 June 2011 over the western North Pacific.
Later it moved northwest. Then it turned noth-northwest. It reached a severe tropical storm level
at 09:00 UTC 24 June. It approached gradually to the eastern coast of the Shandong province.
MEARIlanded on Rongcheng of the province at 13:10 UTC 26 June with the maximum wind at
23m/s near its centre. After its first landing, it turned northeast and approached to the western
coast of the Korean Peninsula. It became a tropical depression at 21:00 UTC 26 June over the Yellow
Sea.MEARIlanded again on the western coast of the Korea Peninsula on 26 JuAe last it faded
away over there at 03:00 UTC 27 June.
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Fig 1.5b F¥3A image at 02:15 UTC
25 June 2011
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Fig 1.5a Track of MEARI(1105)

11) NOCKTEN(1108)

NOCKITENappeared as a tropical depression over the east off the Philippines at 06:00 UTC 25
July 2011. Moving northwest, it became a tropical storm at 00:00 UTC 26 July. It intensified
gradually and turned into a severe tropical storm at 15:00 UTC 26 July. Thenapproached to
6



Luzon, the Philippines.NOCKTEN landed on the eastern coast of Luzon 087 July, it weakened
rapidly to a tropical storm. Then it moved weshorthwest and entered the South China Sea. As it
was approaching to the coast of the Hainan province, it became a severe tropical storm again.
NOCKTEN landed again on Wenchang of the Haan province at 09:40 UTC 29 July with the
maximum wind reaching 28m/s near its centre. After landfalINOCKIENturned west and entered
the Beibu Gulf. It landed for its third time on the eastern Vietnam on 30 July. It weakened to a
tropical depression at15:00 UTC 30 July. At last, it disappeared over northern Vietham on 30 July.
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Fig 1.6a Track of NOCKIEN(1108) 2011

12) NANMADOL (1111)

Tropical storm NANMADOLformed at 12:00 UTC 23 August 2011 to the northeaoff the
Philippines. It moved west after its genesis. Its intensity reached a severe typhoon category at 12:00
UTC 25 August. It developed into a super typhoon at 00:00 UTC 26 August. As it was approaching to
the northeastern coast of Luzonthe Philippines,its intensity was reduced to a severe typhoon. It
first landed on the northeastern coast of Luzon on 27 August. Thénhentered the Bashi Channel
and it moved toward the southern coast of the Taiwan province. Later it landed again on Taidong of
Taiwan province at 20:25 UTC 28 August with the maximum wind up to 33m/s near its centre.
After its second landfall, it moved northwest with its intensity being reduced. It became a tropical
storm over the Taiwan Strait at 21:00 UTC 29 August. It landed for itkird time on Jinjiang of the
Fujian province at 18:20 UTC 30 August with the maximum wind at 20m/s near its centre. After
landing, its intensity was weakened quickly. It became a tropical depression in the Fujian province,
where it disappeared at around @:00 UTC 31 August.
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Fig 1.7a Track of NANMADOL (1111) Fig 1.7b F¥3B image at 05:05 UTC
30 August 2011

13) NESAT (1117)

Tropical storm NESATappeared at 00:00 UTC 24 September 2011 over the western North
Pacific. Then it moved weshorthwest. Its intensity reached the severe typhoon category at 15:00
UTC 26 September. It was gradually approaching to the eastern coast of Luztire Philippines.It
landed on the eastern coast of Luzon on 26 September. After its landfall, it continued to move
westnorthwest with its intensity being reduced. It became a typhoon at 03:00 UTC 27 September.
Then it crossed Luzon and entered the South China Sealt approached gradually to the
northeastern coast of the Hainan province. LateNESATanded again on Wenchang of the &inan
province at 06:30 UTC 29 September with the maximum wind up to 42m/s near its centre. After its
second landfall, it moved northwest and entered the Beibu Gulf. Its intensity was reduced gradually.
It became a severe tropical storm over the Beibu Gudt 21:00 UTC 29 SeptembeNESATanded for
its third time on the northern coast of Vietham on 30 September. At last it faded away over northern
Vietham on 30 September.
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Fig 1.8a Track of NESAT(1117) 2011

14) NALGAE (1119)

Tropical storm NALGAEormed at about 18:00 UTC 27 September 2011 over the western
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North Pacific. It moved west after its genesis. Then it turned wesbuthwest. It approached
gradually to Luzon, the Philippineswith its intensity being increased gradually. Its intensity
increased into the severe typhoon level at 15:00 UTC 30 SeptembdALGAHanded onLuzonon 1
October. After landfall, it moved west. Theit crossedLuzonand entered the South China Sea. Then,
it turned west-northwest and it gradually approached to the southeastern coast of the Hainan
province. Eventually, NALGAHanded on Wanning of the Hainan province at 04:30 UTC 4 October
with the maximum winds at 25m/s near its centre. After landfall, it moved southwest with its
intensity being weakened quickly. It became a tropical depression at 15:00 UTC 4 October. At last it
disappeared over the southern Beibu Gulf at around 00:00 UTC 5 October.
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Fig 1.9b F¥3B image at 05:00 UTC
1 October 2011
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Fig 1.9a Track of NALGAK1119)

1.2 Hydrological Assessment (highlighting water -related issues/impact)

In 2011, climate was abnormal in China. In general, rainfall was less than normal, with uneven
spatial and temporal distributions showing distinct stages. The water levels of major riveraere
generally stable. In the flooeprone season, there were two major flood peaks in China. One was in
June when floods occurred in a number of rivers to the south of the Yangtze River; another one was
in September when severe autumn floods occurred irialing River, Han River and Wei River. More
than 260 rivers across the country exceeded their warning lines, and overwhelming floods occurred
in more than 50 rivers, and recorebreaking floods occurred in 11 rivers. The severest flood
occurred in the Qianang River since 1955. Totally there were 88 days when the water level of the
Taihu Lake was above its warning line. At the same time, since the beginning of flood season,
rainfall was significantly less than normal to the south of the Yangtze River; sevedeoughts
occurred in Yunnan, Guizhou and Chongging; and the minimum water level relative to the same
period in history occurred in Xi River in Wuzhou. In 2011, seven typhoons or tropical storms landed
IT #EET A0 AT AOOAI AOAAOS

In flood season, the inflowof seven national major rivers was generally 30% to 90% less than
normal, out of which the inflow of the Huai River was nearly 90% less than normal; but the total
water storage of large reservoirs was better than normal, 20% more than that in the same pedi in
history.



In 2011, the nationwide rainfall and hydrological condition had the following features:

1) Overall, the rainfall was less than normal, and floods were followed by droughts or vice versa
in some regions. From May to September, rainfall waggerally less than normal, and drought was
more severe than flood. The nationwide average rainfall was 382.4 mm, 6% less than the same
period of normal year (406.9 mm), thus ranking the 9 in rainfall deficiency since 1961. Among
them, a serious summerautumn drought occurred in the Southwest China; after winteispring
drought in the middle and lower reaches of the Yangtze River, 5 strong rainfall processes occurred in
the early June, with drought turning into flood.

2) The spatial and temporal distribution of rainfall was uneven, with autumn floods being
prominent. From the temporal perspective, there were clear periodic rainfalls. In Magugust,
rainfall was generally less than normal, and in JurBeptember, rainfall was more than normal.
From the spatid perspective, in most parts to the south of the Yangtze River, especially in Yunnan,
Guizhou and Guangxi, rainfall was generally less than normal. In the early flbod season, local rain
was extremely heavy. For example,-8our rainfall reached 309 mm at Zwgang rainfall station in
the Tongcheng County, Hubei Province;-four rainfall was 122.5 mm at Xingtong in the Wangmo
County, Guizhou Province, with the frequency of one in 200 years. In the early and mid September,
3 heavy rainfall processes occurred inthe upper reaches of Han River, Jialing River, and Yellow
2 E O A O4.u-Wei Rive€Basin, where local rainfall ranked the first relative to the same period
since 1961.
o 4UPEITT 1TATAAA AAOI EAO xEOE xAAE EIT OA1T OEOUR
i AAOOOETI ¢ Ai T AOOOAT O1 U6 xAO AOEAAT 68 /1 pp *O1TA «
xAO puv AAUO AAOI EAO OEAT Meatdladded of Shgndohg@Prodirgdon OOT P E A
26 June, being the earliest landing typhoon in the North Chinanaecord since 1949. Among seven
landing typhoons, only one typhoon landed on mainland China with wind force exceeding force 12,
two strong tropical storms reached force 10, and the remaining four storms were at force-®
Overall, the intensity of landingtyphoons was significantly lower than normal. The phenomenon of
OAET AOU OUDPETTTO 1TAAOOOEI ¢ AT 1 AOOOAT 01 U6 xAO 1 £O/
cyclones in the typhoon season, doubling the historical average (4).
4) The water level of majorrivers was generally stable, with fewer rivers exceeding their
warning water levels. Among the main streams of the major rivers, floods exceeding the warning
level occurred only in the Taihu Lake. Floods beyond warning level only occurred in Jialing, Harda
Lean Rivers in the Yangtze River Basin, Wei and Yiluo Rivers in the Yellow River Basin, Qiantang
River in ZhejiangFujian and the upper reaches of West Liao River. In other major rivers and major
rivers, no floods surpassing warning water level occurred

5) Most floods surpassing warning water level occurred in mediumand smaltsized rivers
with larger magnitude. Approaching to the end of 2011, more than 260 rivers (mostly mediunand
smaltsized rivers) surpassed their warning lines, of which nearly 50vere beyond their water
retention capacities, 11 rivers including the upper reaches of Lushui River in Hubei, Lean River in
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Jiangxi and Qujiang River in Sichuan broke their records, and the most severe flood occurred in
Qiantang River in Zhejiang since 1%5.

6) More severe autumn floods occurred concurrently in multiple rivers, which were rare. Since
September 2011, affected by 3 heavy rainfall processes, more severe autumn floods occurred
concurrently in the tributary streams of the Yangtze River (e.g.aling and Han Rivers) and the
Yellow River (e.g. Wei & Yiluo Rivers), which were historically rare. Among them;iri-100 year
flood occurred in Qu River (a tributary stream of the Jialing River), overwhelming flood occurred in
the main stream of the Jialig River, Xin-20-year flood occurred in the upper reaches of the Han
River, and the most severe flood continuously occurred in Wei River since 1981.

7) The inflow of rivers was less than normal and the water storage of large reservoirs was
slightly more than normal. Compared with the same period of normal year, the inflow of nationwide
major rivers was generally 30% to 90% less than normal, in which the inflow of the main stream of
the Huai River was 90% less than normal, and the inflow of the Xi, Xiang a@dn Rivers as well as
other major rivers was 40% to 50% less than normal. According to statistics, on 1 October 2011, the
total water storage of 422 large reservoirs across the country reached 220 billion nabout 20%
more than normal, 50%70% more than normal for reservoirs in Shandong, Jiangsu and Qinghai,
but 40%-60% less than normal for those in Inner Mongolia, Chongging, Guizhou and Yunnan.

1.3 Socio-Economic Assessment (highlighting socio -economic and DPP issues/impacts)

TCs brought abundant rainfall b China and abated the agricultural droughts and impact of hot
weather on the most southern areas in the middle and lower reaches of the Yangtze River and in the
Southern China, and TCs increased the reservoir water storage. However, the high winds, heavy
rain and associated astronomical tides also brought about heavy losses in the coastal areas in 2011.
Comparing with the economic losses caused by TCs with those in the last 10 years, the economic
losses in 2011 were less severe. According to the preliminastatistics, 18.128 million people were
affected.29 people were killed or missing, with the direct economic loss of about CNP8.71 billion.

Table 1.2 Impacts & losses by TCs in China in 2011
(Source:Ministry of Civil Affairs & National Commission forDisaster Reduction)

Direct
TC Name| Landin Landing Maximu Affected Affected Death & |Economic
(Number g Place m Wind Provinces People Missing Losses
) Date at (in ten People (in CNY
landing thousand) 0.1
billion )
Sarika | 10 Jun. | Shantou, 18m/s Fujian a1 7 13
(1103) Guangang
23 Jun. | Yangxi & 20m/s
Haima Dianbai, Guangdong 14.4 0 0.3
(1104) Guangdong Guangxi
23 Jun | Wuchuan, 20m/s
Guangdong
Meari | 26 Jun.|Rongcheng, 23m/s Llaqulng, 176 0 5.8
(1105) Shandong Zhejiang

11



Shandong
Nockten | 29 Jul. | Wenchang, 28m/s | Guangxi 63 5 33
(1108) Hainan Hainan
Liaoning,
Muifa No Landfall Shanghai, 516.5
(1109) Jiangsu, 0 62.5
Zhejiang,
Shandong
Nanmad 28 Ta!dong, 33m/s Tai.\_/van 133.4 10 9.5
ol Aug. |Taiwan Fujian
(1111) | 30 Aug | Jinjiang, Fujian| 20m/s
29 Sep.| Wenchang, 42m/s
Nesat Hainan Hainan,
(1117) | 29 Sep | Xuwen, 35m/s | Guangxi, 962.5 9 138.8
Guangdong Guangdong
Nalgae | 4 Oct. | Wanning, 25m/s | Hainan 111.3 1 15.8
(1119) Hainan Guangxi
Total 1822.8 29 237.3

47 OAT 1T U x 4# 0O s toadialAdkeAs ahd brodgk Eainfalbinland in 2011. One TC
infuenced China Muifa). The intensities of landed TCs were relatively lower. Meteorological
departments enhanced the TC disaster risk management. For the higbk areas of TC disaster,
such asGuangdong, Guangxi, Fujian, Zhejiang and Hainan, the TC disaster risk management had
been made in advance, including prassessment and early warning of TC risks to reduce TC impact
on the urban population, agriculture, transportation, electricity and dansafety. Considering different
risk areas and TC risk categories, disaster prevention and mitigation measures were proposed for
the government agencies in charge of TC disaster emergency responses for mitigating the impact of
TC disasters, which provided usful information for decision-making. (Source: National Climate
Centre)

1.4 Regional Cooperation Assessment (highlighting regional cooperation successes and
challenges)

In 2011, the Ministry of Civil Affairs actively participated in the international cooperéon in
disaster prevention and reduction, and it played an active role in collaborating with the Beijing
Office of the United Nations Platform for Spaebased Information for Disaster Management and
Emergency Response (WSPIDER Beijing Office) under thénternational Charter - "Space and
Major Disasters", and with the International Centre for Drought Risk Reduction, and MCA promoted
the overall technological exchanges and experienegharing in disaster reduction and relief in
association with the relevant UN organizations, regional organizations and relevant countries
through exchanges in space technology applications, emergency responses, assessments and
technology sharing for disaster information management. In 2011, the National Disaster Reduction
Centre of China (NDRCC) received about 260 perstimes visits from 70 countries, 16
international and non-governmental organizations. NDRCC also sent 30 delegations abroad (37
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person-times), including the attendance to the 43rd session of the ESCAP/WMO Typhoon
Committee. Through mutual visits and exchanges, the mutual understanding between China and
other countries and international organizations has been increased, experience and practices are
shared, and a solid foundation has been laid for future cooperatian this field.

Il Summary of progress in Key Result Areas

2.1 Progress in Key Result Area 1: Reduced Loss of Life from Typhoon -related Disasters
2.1.1 Meteorological Achievements/Results
1) Typhoon -related Disaster Emergency Response initiated by CMA (Source: NMC/CM\)

In 2011, 7 TCs landed on China coastal areas with another influencing China, China
Meteorological Administration (CMA) had launched different categories of Typhooerelated
Disaster Emergency Response Plans (Table 2.1). About 2.715 million people wevaaated from
TC impacted areas.

During the severe typhoonNesat(1117), Hainan, southern Guangdong and southern Guangxi
experienced heavy rain from 28 to 30 September under combined effects Mésatand cold air, the
Nandu River in Hainan rose above thalert water level in the whole river basin and caused the most
severe flood in 2011. Typhoon emergency plans were initiated in Hainan, Guangdong, Guangxi and
Fujian to take emergence response measures for minimizing the damages Nésat A working
group from the China Meteorological Administration led by Deputy Administrator Mr. SHEN
Xiaonong went to the Hainan province to inspect the typhoon forecasts and meteorological services.
Several special teleconferences for typhoon forecasting were held by the Matal Meteorological
Centre, Hainan and Guangdong Meteorological Services. As a result, water storage was increased by
1.5 billions m3 in the local medium and large reservoirs in Hainan.

Table 2.1 Meteorological disaster emergency actions initiated by CM# 2011 in response to 7
landing TCs.

4# 008 .| Emergency Response Actions Landing Time/Date Warning Lead-time
Number
( ) Category Action Time
Sarika v 04:00 UTC 10 June | 21:45 UTC 10 June 17h 45min.
(1103)
Haima v . 02:10UTC 23 June .
(1104) 03:00 UTC 21 June 0850 UTC 23 June 47h 50min.
Mearl v 11:00 UTC 24 June | 13:10 UTC 26 June 50h 10min.
(1105)
Nockten i 09:35 UTC 28 July | 09:40 UTC 29 July 24h 5min
(1108)
Muifa " 03:00 UTC 4 Aug.
(1109) I 03:30 UTC 5 Aug. No landfall ?
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Nanmadol v . 20:25 UTC 28 Aug. .
(1111) 01:00 UTC 29 Aug. 18:20 UTC 30 Aug. 41h 20min.
Nesat Il 10:00 UTC 27 Sep. |  06:30 UTC 29 Sep. A4h 30min
(1117) I 03:00 UTC 28 Sep. | 13:15 UTC 29 Sep. :
Nalgae v 01:00 UTC 3 Oct. 04:30 UTC 4 Oct. 27h 30min.
(1119)
1000
80
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40
20
0

200 2001 2002 2008 2004 2006 2006 2007 2008 2009 2010 2011

Fig 2.1 Evacuated population exposed to TC threats in 2068011

2) Well organized and timely emergency responses

Meteorological departments participated in meetings convened by civil defense authorities to
discuss how to get prepared for forthcoming typoons, on the occasion of which they provided
information on monitoring and warning and advice on typhoon preparedness. They initiated the
high impact meteorological disaster emergency response plans, under which task teams were
dispatched to the scenes foguidance. The on duty practice was emphasized to ensure the presence
of executives at the forecasting desk to keep local decisionakers and authorities informed of the
latest and next development of a typhoon. In a word, every effort was made to delivélre best
possible forecasts and warnings.

3) Forecast and warning messages were produced and issued in a timely fashion

CMA has always given top priority to typhoon events in flood season in its agenda. Facing the
21 typhoons appearing in 2011, resources itluding 6 meteorological satellites, 164
nextgeneration Doppler weather radars, 383 local weather monitoring radars, 2419 surface
stations, 34000 automatic weather stations were used to closely track their evolution and promptly
disseminate information onTC positioning, forecasting, warning and service delivery. Altogether 21
tropical cyclones were numbered in 2011, particularly the 7 typhoons landed on China. 42 blue, 25
yellow, 15 orange and 2 red warning messages were released in total. The Central ddedlogical
Office (CMO) of CMA issued a red warning message for rainstorm when the typhoblesat was

approaching, the first alarm of this level since the National Meteorological Disaster Emergency
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Response Plan was announced in 2010. As many as 72 Hinie were submitted to the CPC Central

Committee, State Council and other relevant authorities in support of their decisions.

CMO, in coordination with meteorological services in such provinces as Hainan, Guangdong,
Guangxi, Fujian, Zhejiang and Shandomrgleased timely updates on typhoon warning through SMS,
web site and TV. At present, meteorological serviggroviders have as many as 128 million SMS
users, 80000 loudspeakers, 70 thousand electronic screens, 39400 rural weather information points,
490000 rural weather information communicators. Meanwhile, meteorological serviceproviders
own 7 marine weather radio stations that broadcast relevant information to all coastal and
off-shore regions of China. In 2011, the Hainan Provincial Meteorological Sewvitssued 63 red
warnings for typhoon, using a variety of channels and means. When the impacts of such typhoons as
'Haima, 'NockTen and 'Nesat were being felt, the Guangdong Provincial Meteorological Service
intensely broadcast the latest developmentsrad marine weather forecasts and warnings, using the
Maoming Marine Meteorological Service Radio to alert fishermen at sea. 827 warning messages

outreached in these areas while 500 million pieces of SMS messages were sent to the public.

4) Timely and efficient inter -agency coordination

Before and when the impact of a typhoon is felt, meteorological servigaoviders keep other
sectors well informed such as civil defense, land, transport, tourism and education and issued
forecasts and warnings in association vih other agencies concerned to enhance the efficiency of
inter-agency coordination. By implementing the relevant requirements of the National
Meteorological Disaster Response Plan, meteorological departments enhanced the communication,
cooperation and intaaction with other agencies. The interministerial liaison meeting on
meteorological disaster warning is held when necessary involving 24 agencies. A partnership
agreement has been signed with the Ministry of Civil Affairs. Classified and graded warning
messages on such disasters as typhoon and rainstorm are sent to the 39 State Council ministries
and other relevant agencies in a timely manner through SMS;ngail and fax. Forecasts and
warnings are jointly issued with the Ministry of Land and Resources tovaid geological disasters.
Road condition forecasts and warning are c@roduced and ceissued with the Ministry of
Transport. Such an interagency partnership contributes to the synergy against meteorological
disasters.

2.1.2 Hydrolbgical Achievements/Results

In the field of water in 2011, focusing on flood and drought control, China took actions to
enhance the institutional development of hydrological information and forecasting, the water
monitoring and forecasting, the water information in service of flbod ad drought control, the
research into and application of new water technologies, the water system upgrade, reprocessing of
water information and extension of water service and products, the development of hydrological

monitoring systems for small and mediun-sized rivers to further promote flash flood control and
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hydrological emergency monitoring.
1) The Hydrological Information and Forecasting Centre set up

Hydrological information and forecasting are essential to decisions on flood and drought
control. In recent years, as a result of a booming economy in China and the global climate change,
flood and drought have increased in type, frequency, intensity and damage in China, making
hydrological information and forecast more necessary.

On 8 June 2011, the Hydrogical Information and Forecasting Centre of the Ministry of Water
Resources was officially inaugurated in Beijing, an initiative to help strengthen the institutional
development as a firm groundwork to fully address the climate change and worsening floochdh
drought, integrate meteorological and water operations across the sector to improve hydrological
information and forecasting in terms of timeliness, relevance, range and accuracy, and strengthen
sector guidance for a rapid progress in this connection atational level.

Fig 2.2 Inauguration of the Hydrological Information and Forecasting Centre

2) Enhanced hydrological regime monitoring and forecast

The hydrological departments always give top priority to the hydrological regime forecasting
services for flood prevention and drought relief. They made every effort in the following areas: 1)
enforcing routine work shifts watching rainfalls and water leves, starting from mid March, which
was earlier than usual. The 2our work shifts began from mid May, making 6 observations and
short-message predictions per day; 2) producing more relevant information and materials. The
statistics show that throughout the year, more materials were produced than previous years,
including 166 Rainfall and Waterlevel Report 129 Rainfall and Waterlevel Bulletin 36 Hydrological
Forecast, and submitted more than 150 Reports on Integrated Hydrological Regime Analysis; 3)
delivering timely high-impact rainfall and water-level forecast and analysis. In 2011, 4rend
Analysis Reports on Rainfall and Wat&vel in the Flood Seasonere prepared, over 10 specific
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hydrometeorological predictions and analyses on heavy rainfall werdssued, and over 200
station/time real-time flood forecast were delivered, all of which provided scientific basis for
decision making by top leaders of the Ministry of Water Resources (MWR) and the Office of the State
Headquarters for Flood Prevention androught Relief (SHFPDR); 4) Expanding the scope of rainfall
and water-level services. In response to the request by the Office for SHFPDRought Analysis
Reportis submitted every Tuesday, with analysis on soil moisture being added for assessing drought
status, which provided a basis to the decision making.

3) Application of new techniques for exchanging rainfall and water  -level information

The review and approval of two standards, namely thArchitecture and Identifiers for Reaime
Rainfall and Waterlevd (SL323-2011) and Rainfall and Waterlevel Code(SL330-2011), were
accomplished. These two standards were issued and took effect as of 12 July 2011.

With promulgation and implementation of the new standards, the hydrological authorities
replaced the 40Gyear-old conventional information coding with alternative information exchange
mode to exchange and share rainfall and watdevel information, and to further promote the
techniques for sharing rainfall and waterlevel information nationwide. On 1 June, thenational
rainfall and water-level information exchange system was officially put into operation for efficient
exchanges of relevant information among the Bureau of Hydrology, provincial river basin
authorities and over 200 prefecturelevel hydrological offices, which further ensured the
information consistency, increased the time validity of flood forecast, added more contents and
improved the information transmission techniques. According to statistics, the Bureau of Hydrology
under the Ministry of Water Resources received a total of more than 21,000 pieces of messages
from flood gauging stations across China with the information variety, quantity, timeliness and
consistence being significantly improved compared with those through coding and decoding.

4) Enhanced efforts to update the rainfall and water -level operational system

Learning from the service modalities of the U.S National Weather Service and the China
Meteorological Administration, the MWR Hydrological Information & Forecasting Centre enhanced
the efforts to update its operational hydrometeorological system, refined the hydrometeorological
information analysis and processing, and increased its product lines. The Centre improved its
operational meteorological system, integrated the consulting systn for rainfall and water level
forecasts, improved flash flood warning and flood forecasting system in China, and developed a
national unified database maintenance and management system, which provided technical support
to hydrometeorological services in2011.

5) Completion of the 2011 Work Plan for preparedness and treatment of flash floods

In 2011, another 600 counties implemented the nosstructural measures on flashflood
preparedness and treatment, following the efforts in 2010 for 500 counties. Under thairection and
leadership of the Office of the State Headquarters for Flood Prevention and Drought Relief, the
hydrological authorities made multiple inspections on the development of the flash food monitoring
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system.
6) Further enhanced emergency hydrologi cal monitoring

To further build up the capacity in emergency responses to breaking hydrological events, and
to improve the technical capability to address such events, the MWR Bureau of Hydrology prepared
the Measures on the Implementation of Emergencydrbogical Monitoring and organized training
workshops for the western China.

7) Construction of the small and medium river hydrological monitoring system

On 31 August 2011, MWR held a Workshop on the Construction of Hydrological Monitoring
System for Small ad Medium Rivers, for which the comprehensive plan was announced. In mid
September, the National Development and Reform Commission approved the Investment Plan on
Small and Medium River Hydrological Monitoring System in 2011. The approved total investment
was about RMB 4.1 billion Yuan, among which 2.3 billion came from the central government. The
major projects for 2011 included setup of 1,171 hydrological stations, 3,553 watdevel stations,
30,347 rain gauge stations, 407 central hydrological informatio station and 32 mobile taskforces
for emergency responses. In addition, a supporting documentMeasures on the Construction of
Hydrological Monitoring Systerwill be prepared.

8) Solid work to implement various hydrological plans

The preparation of hydrologcal sections for three special plans (Small and Medium Rivers and
Reservoirs Infrastructure Reinforcement, Flash Flood Prevention and Control, and Ecological
Conservation in the Disasteiprone Regions) were completed, with a planned investment of CNY 16
bEITEIT ET o UAAOO OF OAO Ob A EUAOIIT CEAAI
rivers. The National Hydrological Infrastructure Construction Plan in the 12 Five-year Period was
prepared, which incorporated all projects related to hydrologcal infrastructure construction,
including small and medium river hydrological monitoring, phasell national commanding system
for flood prevention and drought relief, ground water and drought monitoring, etc. and amendment
to the National Hydrological Sevice Development Plais well under way.

2.1.3 Disaster Prevention and Preparedness Achievements/Results

Compared with the same periods in recent years since 2000, the number of typhooglated
fatalities (including those missing) reached minimum level, abou90.6% less than the average
number in recent years.

1) Timely Effort of Disaster Emergency Response and Relief

In response to typhoonrinduced disasters in 2011, the National Committee for Disaster
Reduction and the Ministry of Civil Affairs successively lmched 5 national emergency responses
actions for natural disasters and 3 emergency response plans for disaster relief, working teams
were sent to the disasterstricken areas to check the availability of disaster relief materials and
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shelters and to assisand guide the local authorities in emergency relief work.

2) Raise Public Awareness of Disaster Prevention and Reduction

For the National Disaster Prevention and Reduction Day and the International Disaster
Reduction Day, various outreach and education camigas on disaster prevention and reduction
were organized to raise public awareness of disaster prevention and mitigation. The outreach and
education on relevant knowledge were conducted through various media such as the National
Disaster Reduction Website(http://www.jianzai.gov.cn/) and the publicaton - # EET A8 O $EOAOC
Reduction

3) Enhance Communities' Capacity for Disaster Prevention and Reduction

More guidance was provided to different localities for building the "National Demonstrative
Communities for Canprehensive Disaster Reduction”. The fifth group of such communities was set
up, i.e. 1,281 new demonstration communities were established in 2011. These communities are
important for enhancing the capacity of local communities and grassroots units for dister
prevention and reduction and for emergency management.

2.1.4 Research, Training, and Other Achievements/Results

In order to reduce the loss of life from typhoorrelated disaster, research work in 2011 mainly
focused on unusual TC behaviors such as:

1) TC suddenturning in direction

Statistical studies show that sudden north turning in TC motion happens 1.4 times per year.
The forecasting errors may increase by about 3 times larger in predicting a TC turning point. The
sudden north turning is likely due to the enhanced synoptiescale northwesterly steering flow
associated with extension of the subtropical high, presence of monsoon gyres, their interaction
with TCs and Rossby wave dispersion. Interactions of TC with upper level vortex may also lead to
the suddenchange of a TC track. A case study of Chanchu (2006) shows that changes in deep mean
flow may play an important role in sudden TC track change.

Currently, numerical model of CMA (GRAPEXM) has been improved in both initialization
and physical schemesAn ensemble forecast system is also being developed for stochastic forecast
to capture the sudden change in TC tracks.

2) TC structure change

Study shows that the initiation and maintenance of convections outside the primary eyewall in
the early stage of secadary eyewall formation (SEF) was related to the asymmetric forcing by outer
spiral rain band. It may be also the result of the interactions within an inner eyewall, vortex Rossbhy
waves (VRW), betsskirt, and outer rain band. During the rapid intensificaton (RI) period that is
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beneficial to the SEF, PV generation was active in the outer spiral rain band. PV dipoles in an outer

rain band move along the band and inward toward inner core region, and get asymmetrized by the
pre-existed beta skirt. Asymmetric fructures in the inner core are dominated by vertical hot towers

AT A 62708 3EAAOAA 6270 DPOI PACAOA O OEAEO OOOACI
tangential wind speed and outward expansion of the beta skirt.

In order to better understand the kehavior of asymmetric TCs under varying thermodynamic
conditions, some numerical experiments were conducted to test the sensitivity of TIIMd O O OOA @
structure to ambient moisture variations. In case of asymmetric TCs, a wetter environment tends to
expand TC wind field and drier environment causes a TC to contract. For TCs with larger
asymmetric rain band, the rain band growth is more sensitive to water vapor from the upwind side.

More moist supply yields stronger rain band convections that is often colgd with eyewall
replacement cycle, and less water vapor supply inhibits rain band growth and is favorable for rapid
asymmetrization in rain band convections

Some landing TCs may be associated with preceding squall line, which causes strong wind and
heavy rainfall. A squall line in front of TC may increase the possibility of flooding by saturating the
soil before TC landing. A statistical study shows about 43% of Landing TCs are associated with
pre-TC squall lines. The approaching TC provides moisture, emfwes instability, and facilitates
low-level mesoscake convergence and frorgenesis for linear growth of the convection. Relative to
mid-latitude squall lines, preTC squall lines have a weaker cold pool and a shorter life span.

3) TC Remote Precipitation

Tropical cyclones may produce heavy rainfall or torrential rainfall in an area in front of and
away from the cyclone. We call this phenomenon as the Tropieatclone Remote Precipitation
(TRP). The statistics in a paper show that TRP is a small probabilityest. It is difficult to predict
this phenomenon in operational circumstance. The statistical analysis shows that 14.7% tropical
cyclones could produce TRP events in 1972006 years. Most of such events would last more than
two days. A number of TRPs hava wide distribution and high rainfall rate. High frequency of TRPs
occurs in July and August. Statistical analysis also shows that there are two areas with the high TRP
frequency, i.e, encircling Bohai Sea and adjacent area between Sichuan and Shanxi pcesi

A diagnostic study on comparison of 2 TRP dataset with néfRPs dataset suggests that the
prominent differences in the lower level are found in typhoon interactions with a westerly trough in
TRP dataset and without it in noATRP dataset but with nothwesterly dry flow instead. On the other
hand, the comparison shows tropical cyclones with TRP have strong southeasterly wet flow channel
but the non-TRP cyclones do not have such a channel. (Source: Chinese Academy of Meteorological
Sciences, CMA)

4) Development of Seasonal Dynamical Ensemble Prediction System

In the past year, National Climate Centre had conducted some research work to meet the
demand for seasonal TC prediction, including use of hydrostatic prediction model for the track,
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intensity and TC @nesis. Furthermore, it also developed a seasonal dynamical downscale ensemble
prediction system for western North Pacific typhoon based on a WRF model.

2.1.5 Regional Cooperation Achievements/Results

1) The 4t China-Korea Joint Workshop on the Tropical Cyclones

The 4th ChinaKorea Joint Workshop on the Tropical Cyclones was held in Shanghai and
Beijing on 1823 December 2011, sponsored by CMA. 6 experts from KMA attended the event.

2) Expert Meeting on Assessment Report on Typhoon Climate Change

An expert meeting onassessment report on typhoon climate change was held in Shanghai,
China on 21 and 22 November 2011, esponsored by the Typhoon Committee Trust Fund and
BEAT CEAE 4UDPEITT )1 OOEOOOAT#-18 4EA OEAI A 1T &£ OEA
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those from China; Hong Kong, China; Japan; Macao, China; Republic of Korea; TCS; USA; and WMO
attended the meeting.

Fig 2.3 Expert Meeting on Assessment Report on TClimate Change in China

2.1.6 ldentified Opportunities/Challenges for Future Achievements/Results

1) Urgent need to improve forecast of unusual change of TC intensity, track and rainfall

It may be at challenge for TC prediction: quick change in TC intensity, kg and rainfall
associated with landing TCs. While these phenomena represent a relatively small percentage in TC
forecasts, they are responsible for the largest errors in the TC ftrack, intensity and rainfall
predictions. Forecasters must have tools to efde them to recognize the potential rapid change in
TC intensity, track and rainfall.
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2) Improvement of high resolution numerical prediction

To improve prediction on TC structure change, higher horizontal resolution can help to capture
more detailed characeristics of the TC structure. Findings also show that a higher resolution tends
to over-estimate the rainfall. Another way to improve the structure simulation is to use radar data
assimilation to reduce the errors in structure simulation.

2.2 Progress in Key Result Area 2: Minimized Typhoon -related Social and Economic
Impacts

2.2.1 Meteorolbgical Achievements/Results

The tropical cyclone frequency prediction issued in the early April 2011 was as follows: It is
estimated that the tropical cyclones (max. wind nearth AAT OOA | ¢y COAAA 1 AOAI qf
range from 24 to 26 in 2011 in the Western North Pacific and the South China Sea, less than normal
(27 on average in 1971 2000), and more than that in 2010 (total number: 14). The number of
landing TCs on China wuld be from 7 to 9, more than normal (7). The first landing date would be
earlier than normal (June 29), the ending landing date later than normal (Oct. 7).

In fact, the number of generated tropical cyclones is 21 in the Western North Pacific and the
South China Sea in 2011, less than normal. The number of landing tropical cyclones is 7, near
normal. The first landing date of tropical cyclone in China is 11June, earlier than normal.

2.2.2 Hydrological Achievements/Results

At the 42nd Session of the Typhoon Comittee, the project "Urban Flood Risk Management
(UFRM)" initiated and led by China was identified as a comprehensive cooperation project for the
three working groups on meteorology, hydrology and disaster prevention and mitigation. In the 48
Session othe Typhoon Committee, the UFRM project was once again the focus of attention.

To actively and effectively make smooth progress in the project, the Bureau of Hydrology (BOH)
under the Ministry of Water Resources (MWR) actively organized a series of actigsé under the
UFRM project in 2011, in order to successful complete the tasks undertaken by China on time.

1) Hosting small work meeting for the Project "Urban Flood Risk Management"

A small work meeting for UFRM project hosted by the MWR Bureau of Hydrgyp (BOH) was
held in Beijing on 4 and 5 April 2011. The major participants were from the Typhoon Committee
Working Group on Hydrology, Task Force on the project, some experts or consultants, including 13
representatives from the Typhoon Committee Secretaait, China, Japan, Korea, the Philippines,
Thailand and Viet Nam. The meeting discussed and adopted the "Research Report on the Advanced
Experiences of UFRM Pilot Cities" drafted by China, "Field Investigation Report on Project Pilot
Cities" drafted by project consultants, and "Project Advisory Report" prepared by consultant experts
together with China. The meeting further discussed a plan for writing the "Guidelines on UFRM
Project" prepared by China, including its structure, chapters, contends, etc. The eting identified
the tasks and responsibilities for the Project Implementation Group and related staff in preparation
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of the "Guidelines on UFRM Project”, and selected the authors of various chapters. The meeting also
established the working procedures andimeline for preparation of the guidelines, with a deadline
for submission of the report.

Currently, the first draft of the "Guidelines on UFRM Project” has been completed for
discussion at the 44 Session of the Typhoon Committee.

Fig 2.4 Represenatives attending a small work meeting on UFRM Project.

2) An field investigation at UFRM Project pilot city Shanghai

From18 to 20 May 2011, the MWR Bureau of Hydrology (BOH) arranged a visit of the experts
from four Members of the Typhoon Committee and th Secretariat to Shanghai, a pilot city of the
UFRM Project. 15 meteorological, hydrological, disaster prevention experts from the Philippines,
Thailand, Viet Nam and Malaysia as well as hydrological representatives from the Typhoon
Committee Secretariat prticipated in the field investigation. The delegation visited Shanghai
Meteorological Service/CMA, MWR Taihu Basin Management Bureau, Shanghai Hydrological
Information Centre and other departments, including a mobile meteorological observation vehicle,
learning about the forecast platform, strong convective weather early warning systems &
multi-hazard early warning systems, typhoon early warning system of the Shanghai Municipal
Meteorological Service; they were given an overall presentation on the flood @ntyphoon
prevention; they visited the hydrological remote sensing system in Shanghai, a typical hydrological
stations, and a forefront seawall, flood control systems in Jinshan District and the command system
for flood and typhoon prevention in the TaihuLake Basin Management Bureau.
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Fig 2.5 Representatives visiting the Shanghai Municipal Meteorological Service

Fig 2.6 Representatives visiting Shanghai Main Hydrological Station and Information Centre

Fig 2.7 Representatives visiting MWR Lak&aihu Basin authority and Jinshan hydrological station

3) Participation of Chinese experts in the "Training Seminar on QPE/QPF, Urban Flood Risk
Mapping, Flood Forecasting and Assessment " in Thailand
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