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Foreword

Weather disasters often arise from heavy precipitation, especially the rainfall resulting from
tropical cyclones (typhoon, hurricane, super cyclonic storm, etc.) and monsoons around the world.
These disasters include but are not limited to river bank crumble, huge reservoir collapse, flash
flooding inundation, and landslide and mud-stone (debris) flows which often swallow up villages and
devastate societies and human lives. Accurate quantitative precipitation estimation (QPE),
quantitative precipitation forecasting (QPF), and hydrological prediction play an important role in

disaster prevention and mitigation.

The WMO International Conferences on QPE/QPF and Hydrology are quadrennial events
organized by the World Meteorological Organization. The first of these meetings was held in Reading,
UK, in September 2002. The second meeting was held in Boulder, Colorado, USA, in June 2006. The
third meeting — represented by the abstracts included in this volume — will be held in Nanjing, China,

in October 2010.

The overall objective of this conference is to improve the science and technology of QPE/QPF
and hydrological prediction with an emphasis on rainfall caused by tropical cyclones and monsoons.
The conference will bring together researchers and forecasters from around the world to review the
progress of research in this area during the four years since the last conference. Research
achievements and operational forecasting needs will be discussed and exchanged across the
conference to help integrate research accomplishments and operational needs. We hope and expect
that some of the mature research achievements can be transferred to operational use in relevant

National Meteorological and Hydrological Services (NMHSss).

Progress has been made in the area of QPE as a consequence of the swift development and
exploration of the utility of remotely sensed data from satellite, Doppler radar, and other sorts of
remote sensing devices. Recent improvements in limited area model capabilities and data assimilation

techniques using different and new data sources have greatly advanced QPF capabilities. We expect



that some major achievements in these areas will be demonstrated in the conference.
Seven topics have been selected as focus areas that are relevant for the conference objectives.

The brief titles of these topics are:

e High impact precipitation events, related to tropical cyclones, monsoons, and severe
storms;

e  Quantitative Precipitation Estimation (QPE), in situ and remote sensing observations;

e  Hydrologic prediction and coupled hydrology-atmosphere-land models;

o \rification of Quantitative Precipitation Forecasts (QPFs);

o  Data assimilation for precipitation forecasting systems;

e  Precipitation variability and climate change;

e  Quantitative Precipitation Forecasting (QPF).

The major issues and relevant topics in QPE/QPF and hydrologic prediction are included in these

topics, which will be the focus of presentations, discussions, and summaries in the meeting.

This extended abstract volume includes invited lectures, contributed papers, and posters. We
would like to extend our genuine gratitude to all of the authors and the 10C members (abstract
reviewers) for their great efforts toward the success of the conference, and would especially like to
thank Ms. Nanette Lomarda, senior scientific officer from WMO, who offered major contributions to
the conference. Staff at the National Center for Atmospheric Research, in particular Ms. Carol
Makowski and Ms. Pam Johnson, also contributed greatly to these efforts. We also would like to
express our sincere appreciation to NUIST and the local organizing committee for their efficient
assistance in organizing the conference. Our genuine thanks also go to the MOST national 973
Typhoon Program (2009CB421500) and the Chinese NSF typhoon key research program (40730948)
for their generous support of this event. Our appreciation is also extended to CMA/CAMS and NMC

for their valuable help in organizing the meeting.

Lianshou Chen (Chinese Academy Barbara Brown (NCAR, USA)
of Meteorological Sciences) Yihong Duan (CMA, China)
Chair, International Chungu Lu (NSF, USA)
Organizing Committee (I10C ) Co-chairs, 10C
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CONFERENCE SCHEDULE
Third WMO International Conference on Quantitative Precipitation Estimation,
Quantitative Precipitation Forecasting and Hydrology

Nanjing. China 18-22 October 2010

Date
18 Oct 19 Oct 20 Oct 21 Oct 22 Oct
Tim (Mon) (Tue) (Wed) (Thu) (Fri)
09:00 Openin
09:50 pening Soce Sossi Soce
ession . ession ession
— Photo B1 Session D1 G1 G3
10:30 Break
Break
10:50
Session Session Session TC Session | Session
Al B2 D2 Panel G2 G4
12:15
Lunch (12:15 --- 13:45)
13:45
14:40
i i Proposed
Session Session Monsoon | Session
A2 B3 Rainfall E
RDP
15:40 Summary
Break
16:00 Excursion 16:40
Break
Session Session Session 17:00
A3 C F Closing
17:30
17:45
18:15 Dinner
Ice-breaker 19:15
and Banquet
Reception Poster
20:30 b

Topic areas A-G denote the 7 key topics for the workshop. A - High impact rain
events for TC and monsoon; B - QPE; C - Hydrologic prediction; D - QPF
verification; E - Data assimilation for QPF; F - Precipitation variability and
climate change; G - QPF.
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Conference program for the third WMO International Conference on

QPE and QPF and hydrology

(Nanjing, China 2010)

List of topics:

A.

High impact precipitation events, related to tropical cyclones, monsoons,
and severe storms

Quantitative Precipitation Estimates, in situ and remote sensing
observations

Hydrologic prediction and coupled hydrology-atmosphere-land models

. Verification of precipitation forecasts

Data assimilation for precipitation forecasting systems
Precipitation variability and climate change

Quantitative Precipitation Forecasts

List of conveners and session chairs:

A.

Conveners:
Russ Elsberry, C. -P. Chang

Session Chairs:
Lianshou Chen (A1)
Russ Elsberry (A2)
C.-P.Chang (A3)

Conveners:
Paul Joe, Richard Johnson

Session Chairs:
ChunguLu (B1)
Paul Joe (B2)

Richard Johnson (B3
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C. Conveners:
Jinping Liu, Zhiyu Liu

Session Chairs:
Zhiyu Liu  (C)
Jinping Liu  (C)

D. Conveners:
Anna Ghelli, George Craig

Session Chairs:
Anna Ghelli (D1)
George Craig (D2)

E. Conveners:
Volker Wulfmeyer, Susan Ballard

Session Chairs:
\Volker Wulfmeyer (E)
Susan Ballard  (E)

F. Conveners:
Bodo Ahrens

Session Chairs:
Bodo Ahrens  (F)

G. Conveners:
Yihong Duan, Jian Lin

Session Chairs:

Jian Lin (G1)
Tiziana Paccagnella (G2)
Yihong Duan  (G3)
Susan Ballard  (G4)

P. Poster Session
Convener: Volker Wulfmeyer

H. Conference summary
Convener: Chungu Lu
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Conference program:

A. High impact precipitation events, related to tropical cyclones, monsoons, and
severe storms
Convener: Russ Elsberry, C. -P. Chang

Al. 10:50-12:15 Session Chair: Lianshou Chen

10:30-11:55 Richard Johnson (Invited): Synoptic and Mesoscale Processes Associated with Extreme
Convective Rainfall

10:55-11:10 Christoph Brendel: Convection over the Taunus Mountains: Distribution, Tracks, and
Life Cycle (Co-author: B. Ahrens)

11:10-11:25 Ben Jong-Dao Jou: Monsoon Rainfall Characteristics: Precipitation Types and
Associated Environment Regimes observed during SOWMEX/TiMREX (Co-author: C.
Tong, and W. Lee)

11:25-11:40 Yong Wang: Spatial and Temporal Variations of Extreme Precipitation Events in the
Huaihe River Basin, China (Co-author: Q. Miao, Y. Ding)

11:40-11:55 Taoyong Peng: Some TC forecasting issues related to TCP/WMO

11:55-12:10 Lorena Ferreira: Land-atmosphere interactions during a Northwestern Argentina Low
event: impacts on precipitation fields (Co-author: C. Sailo, and J. Ruiz)

A2. 13:45-15:40 Session Chair: Russ Elsberry

13:45-14:10 Lianshou Chen (Invited): On the Study of Tropical Cyclone Rainfall Mechanism

14:10-14:25 Yuqging Wang: Influence of Typhoon Songda (2004) in Producing Distantly-Located
Heavy Rainfall in Japan (Co-author: Y. Wang, and H. Fudeyasu)

14:25-14:40 Ying Li: On the Study of Rainfall Rate and Distribution Associated with the Typhoon
Winnie (9711) during Its ET Process (Co-author: X. Lei, and L. Chen)

14:40-14:55 Tong Xu: The estimation of TC quantitative precipitation forecast affecting Shanghai
in 2009 (Co-author: J. Li, X. Wang, H. Yu, B. Chen, and Y. Yang)

14:55-15:10 Mei-ying Dong: Numerical Study of Topographic Effect on Rainfall Reinforcement
Associated with Tropical Cyclone Talim (2005) (Co-author: L. Chen, Y. Li)

15:10-15:25 Fumin Ren: Changes in tropical cyclone precipitation over China
(Co-author: G. Wu, X. Wang, and Y. Wang)

15:25-15:40 Yu Wang: The Verification of Tropical Cyclone Rainfall Prediction with global models of
CMA and JMA (Co-author: X. Shen, and D. Chen)
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A3. 16:00-17:45 Session Chair: C. -P. Chang

16:00-16:25 Russ Elsberry (Invited): Advances in Understanding the “Perfect Monsoon-influenced
Typhoon” (Co-author: C.-S. Lee, C.C. Wu, and T.-C. Wang)

16:25-16:40 Jinhai He: The mechanism analysis of cloud and moisture sources/sinks in the formation
of torrential rainfall (Co-author: S. Gao, and L. Xu)

16:40-16:55 Shakeel Asharaf: The Indian summer monsoon: precipitation — soil moisture
feedback/recycling (Co-author: A Dobler, and B. Ahrens)

16:55-17:10 Yuchun Zhao: An Idealized Numerical Study on the Effects of Meiyu Front upon the
Initiation and Development of MCSs Producing Rainstorms

17:10-17:25 Andreas Dobler: Regional climate projections of trends and variability in the Indian
summer monsoon (Co-author: B. Ahrens)

17:25-17:40 Soi Kun Fong: The Effect of ENSO on the Summer Monsoon Rainfall in Macao
(Co-author: S. W. Chang, and I. H. Liu)

B. Quantitative Precipitation Estimate, in-situ, remote sensing observations
Convener: Paul Joe, Richard Johnson

B1. 09:00-10:30 Session Chair: Chungu Lu

09:00-09:25 Paul Joe (Invited): Observations of Precipitation Processes at the Vancouver 2010 Winter
Olympic Games (Co-author: Multiple people)

09:25-09:40 Ping-ping Xie: A High-Resolution Gauge-Satellite Merged Global Precipitation Analysis
And its Applications for Model Verifications (Co-author: R. Joyce, S. Yoo, and Y. Yarosh)

09:40-09:55 Dan Qi: Analyses of Quantitative Precipitation Estimation (QPE) Based on Merging
Satellite and Rain Gauge (Co-author: F. Tian, H. Wu, L. Zhao, F. Xu, and H. Bao)

09:55-10:10 Philippe Chambon: The Megha-Tropiques accumulated rainfall algorithm TAPEER
(Tropical Amount of Precipitation with Estimation of ERrors): investigating the error
budget of satellite quantitative precipitation estimations (Co-author: I. Jobard, and R. Roca)

10:10-10:25 Rajendra P. Shrestha: Performance and Applicability of Satellite-Rainfall Estimation in
Nepal

B2. 10:50-12:15 Session Chair: Paul Joe

10:50-11:15 Kazuhiko Nagata (Invited): QPE and QPF of Japan Meteorological Agency

11:15-11:30 Yan Shen: A new gauge-based precipitation analysis over mainland China and its
evaluation (Co-author: Q. Li, and Y. Pan)

11:30-11:45 Zifeng Yu: Verification of Tropical Cyclone-Related Satellite Precipitation Estimates in
Mainland China (Co-author: H. Yu, P. Chen, C. Qian, and C. Yue)

11:45-12:00 Anyuan Xiong: Establishment of Real-time System for Daily Precipitation Analysis over
China (Co-author: Y. Shen, and M. Feng)

12:00-12:15 Jiuke Wang: The representation of the rain gauges in estimating the strength of rainfall
during the “plum rain” in Anhui province, China
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B3. 13:45-15:40 Session Chair: Richard Johnson

13:45-14:10 Yihong Duan (invited): Recent Progresses on TC Precipitation QPE/QPF
(Co-author: L. Chen, Y. Li, H. Yu, J. Lin, and J. Callaghan)

14:10-14:25 Bin Wang: Comparative Study on QPE Methods of X-band Polarimetric Radar in a
Typhoon Event in South China (Co-author: Y. Xiao)

14:25-14:40 P. Shucksmith: A Multiscale Observation Error Estimation Scheme for QPE Using
Local High Resolution Radar (Co-author: G. Austin, and L.S.utherland-Stacey)

14:40-14:55 Minghu Cheng: A Radar-based Technique for the Identification of Convective and
Stratiform Precipitation using the FLNN with Its Application to Estimation of
Precipitation (Co-author: L. Zhang)

14:55-15:10 Hongli Li: Mesoscale Analysis of a Severe Convective Event in Chongging by LAPS
(Co-author: J. Peng)

15:10-15:25 Jianhong Wang: CINRAD Warning Index of Local Extreme Torrential Rain in Huaihe
Valley (Co-author: C. Miao, S. Sun, Q. Wang, X. Wang)

15:25-15:40 Rui Wang: Research of Rainfall Estimation using X-Band Polarimetric Radar
(Co-author: S. Gu, and Y. He)

C. Hydrologic prediction and coupled hydrology-atmosphere-land models
Convener: Jinping Liu and Zhiyu Liu

C. 16:00-17:45 Session Chair: Zhiyu Liu, Jinping Liu

16:00-16:20 Jinping Liu (Invited): Hydrological Perspective on QPE/QPF

16:20-16:40 Zhiyu Liu (Invited): NWP models’ Application in Flood Forecasting and Reservoir
Operation of the Three Gorges Project

16:40-16:55 Thomas Pagano: NWP-forced short-term streamflow forecasts for Australia (Co-authors:
L. Cao, QJ Wang)

16:55-17:10 Fuyou Tian: Probabilistic flood prediction using TIGGE on upriver of Huaihe catchment
(Co-author: D. Qi, L. Zhao, H. Wu, and Z. Wang)

17:10-17:25 Bongkiyung Ennanuel Byuki: Extreme precipitation events in Cameroon

17:25-17:40 Chunguang Cui: The Flood Forecast Test on Quantitative Precipitation Forecast (QPF)
Coupling with Hydrological Model (Co-author: T. Peng, T. Shen, and Z. Yin)

-Xi-



D. Verification of precipitation forecasts
Convener: Anna Ghelli, George Craig

D1. 09:00-10:30 Session Chair: Anna Ghelli

09:00-09:25 Barbara Brown (Invited): Intercomparison of verification methods for spatial
guantitative precipitation forecasts (Co-author: E. Ebert, E. Gilleand, and T. Fowler)

09:25-09:40 Kadarsah: Verification of Quantitative Precipitation Forecasts with In Situ
Measurements for Flood Forecasting and Warning in Jakarta

09:40-09:55 Tressa Fowler: New Model Evaluation Tools (MET) Software Capabilities for QPF
Verification (Co-author: T. Jensen, E. Tollerud, J. Halley Gotway, P. Oldnburg, and R.
Bullock)

09:55-10:10 Qiuzhen Yang: A Quantitative Hazard Assessing Method for Heavy Rainfall Events
(Co-author: M. Xu, and J. Li)

10:10-10:25 Chunze Lin: Performance Evaluation of the AREM Prediction System for the Successive
Heavy Rain Forecast of May 2010 in South China (Co-author: Y. Gong,, J. Li, and M. Xu)

D2. 10:50-12:15 Session Chair: George Craig

10:50-11:10 Anna Ghelli (Invited): Accounting for observational uncertainty when verifying
precipitation forecasts
11:10-11:30 Georg Craig (Invited): A new field verification score based on optical flow technique
(Co-author: C. Keil)
11:30-11:45 Jamie Wolff: Quantitative Precipitation Forecast (QPF) Verification Comparison
Between the Global Forecast System and North American Mesoscale (NAM) Operational
Models (Co-author: B. Brown, J. Halley Gotway, M. Harrold, Z. Trabold, L. Nance, and P.
Oldenburg)
11:45-12:00 Edward Tollerud: Scale-related Issues Involving Verification of QPF: Results from a
DTC Assessment of WRF Ensemble Forecasts during the HMT-West Winter Exercise
(Co-author: T. Jensen, J. Halley Gotway, P. Oldenburg, H. Yuan, 1. Jankov)
12:00-12:15 Pertti Nurmi: Experimentation with new verification measures for categorized QPFs in
the verification of high impact precipitation events

E. Data assimilation for precipitation forecasting systems
Convener: Volker Wulfmeyer, Susan Ballard

E. 13:45-15:40 Session Chair: Volker Wulfmeyer

13:45-14:10 Susan Ballard (Invited): Progress in data assimilation for NWP based Nowcasting of
Precipitation using radar and remote sensing data at the UK Met Office (Co-author: Z. Li,
D. Simonin, H. Buttery, C. Charlton-Perez, N. Gaussiat, L. Smith, G. Kelly, and R. Tubbs)
14:10-14:35 Hendrik Reich (Invited): LETKF for the nonhydrostatic regional model COSMO-DE
(Co-author: A. Rhodin, and C. Schraff)
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14:35-14:50 Xunlai Chen: Impacts of multiple radar data assimilation on short-range quantitative
precipitation forecasts of a squall line in South China
(Co-author: H. Lan, F. Kong, and F. Cai)

14:50-15:05 Pascal Horton: Optimization of the Analogs method in the framework of statistical
weather forecasting in the Swiss Alps (Co-author: C. Obled, M. Jaboyedoff, and R. Metzger)

15:05-15:20 L. Sutherland-Stacey: High resolution radar accumulation maps for verification of
WRF+VAR (National Radar Network) (Co-author: G. Austin, and P. Shucksmith)

15:10-15:25 Lei Zhang: Application Test of Doppler Radar Data in Numerical Model ARPS

(Co-author: Z. Wang)

15:25-15:40 Yehong Wang: Development of Rapid Update Cycle Forecasting System Based on
AREM Model and Its Real-Time Rainfall Forecasts during Flooding-Season of 2009 in
China (Co-author: Y. Zhao, J. Peng, and H. Li)

F. Precipitation variability and climate change
Convener: Bodo Ahrens

F. 16:00-17:45 Session Chair: Bodo Ahrens, Yihong Duan

16:00-16:25 Bodo Ahrens (Invited): Representation of Monsoon Systems in Regional Climate Models
(Co-author: A. Dobler, and S. Kothe)

16:25-16:40 Yanyu Lu: Spatial and Temporal Variability Characteristics of Precipitation in Huai
River Basin during 1961-2005 (Co-author: B. Wu, H. Tian, and S. Wei)

16:40-16:55 K.H.M.S. Premalal: Variability of Rainfall, Increasing trend of One Day Heavy Rainfalls
in Sri Lanka in the Context of Climate Change

16:55-17:10 Jong-Pil Kim: Regional Impact of Climate Change in Korea Rainfall Extremes
(Co-author: G. Kim, and J. Park)

17:10-17:25 Oleg Pokrovsky: Implementation of the wind, NAO, AO and ENSO data in prediction of
therain rate in the Mediterranean area by fuzzy-neural model

17:25-17:40 Zablone Owiti: Variability of Equatorial East African Rainfall based on Empirical Mode
Decomposition derived variability components (Co-author: W. Zhu)

G. Quantitative Precipitation Forecasts
Convener: Yihong Duan, Jian Lin

G1. 09:00-10:30 Session Chair: Jian Lin

09:00-09:25 Tiziana Paccagnella (Invited): Ongoing developments on limited area ensemble
forecasting And the coordination role of TIGGE LAM

09:25-09:40 Jing Chen: The Regional Ensemble Prediction System (REPS) at CMA and its
application to heavy rainfall forecast in monsoon season in (Co-author: G. Deng, Y. Li, X. Li,
J. Gong, X. Wang, and J. Hu)

09:40-09:55 Tran Tan Tien: Ensemble forecast of tropical cyclone motion using RAMS model and
Breeding of Growing Modes method (Co-author: C. Thanh)

09:55-10:10 Kirstin Kober: Blending a probabilistic nowcasting method with a high resolution

ensemble for convective precipitation (Co-author: G. Craig, and C. Keil)
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10:10-10:25 Fanyou Kong: Probabilistic QPF from a realtime multi-model storm-scale ensemble
forecasting system (Co-author: M. Xue, and X. Wang)

G2. 10:50-12:15 Session Chair: Tiziana Paccagnella

10:50-11:15 Jian Lin (Invited): Development of QPF approaches in NMC/CMA
(Co-author: X. Jiang, and K. Dai)

11:15-11:30 Thaejin Kim: Research and Operation on Quantitative Precipitation Forecast (QPF) in
DPR of Korea

11:30-11:45 Huiling Yuan: Quantitative Precipitation Forecasts during the HMT-West campaign
(Co-author: I. Jankov, S. Albers, and Z. Toth)

11:45-12:00 Yan Yin: A numerical study of aerosol effectss on regional precipitation (Co-author: H.
Xiao)

12:00-12:15 Yong Wang: The Challenge of LAMEPS on Quantitative Precipitation Forecast
(Co-authors: S. Tascu)

G3. 09:00-10:30 Session Chair: Yihong Duan

09:00-09:25 Chungu Lu (Invited): Global QPF/QPE: Where do we have trouble to achieve them?
(Co-authors: H. Yuan, E. Tollerud, and N. Wang)

09:25-09:40 Hsiao-ming Hsu: Multiscale Spectral Structures of Tropical Rainfall over Maritime
Continent Simulated by NRCM and Observed by Satellites (Co-authors: J. Tribbia, and M.
Moncrieff)

09:40-09:55 Christian Keil: Regime-dependent forecast uncertainty of convective precipitation
(Co-author: G. Craig)

09:55-10:10 Yongming Tang: Rainfall forecasts from the Met Office variable resolution convective
scale NWP model over the UK (Co-author: H. Lean and J. Bornemann)

10:10-10:25 Martina Suaya: Value of high resolution forecasts: convective climatology point of view

G4. 10:50-12:15 Session Chair: Susan Ballard

10:50-11:05 Laurence Wilson: Can Multi-model ensemble forecasts improve probability of
precipitation forecasts compared to single model ensemble forecasts? (Co-author: A.
Ghelli)

11:05-11:20 Jingru Dai: Improvement of Poor Man’s Ensemble Precipitation Forecast in
Mountainous Regions of Australia (Co-author: M. Manton, and S. Siems)

11:20-11:35 Juan Ruiz: How sensitive are probabilistic precipitation forecasts to the choice of
ensemble generation method (Co-author: C. Saulo)

11:35-11:50 Subramaniam Moten: Quantitative Precipitation Forecast of Heavy Rainfall Episodes
During the Northeast Monsoon Season over the Malaysian Region using the MM5 Model

11:50-12:05 Xiefei Zhi: Multimodel Consensus Forecasts of the Precipitation Using TIGGE Data

(Co-author: L. Zhang)

12:05-12:20 Jun Li: The Development of Ensemble Prediction System in WHIHR (Co-author: M.

Wang, and C. Lin)
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P. 19:15-20:30 19-20 Oct. 2010 Poster session
Convener: Volker Wulfmeyer

Hongjun Bao: Coupling Ensemble weather predictions with Xinanjiang model for flood forecast
(Co-author: L. Zhao, Y. He, Z. Li, and P. Florian)

Christoph Brendel: Convection over the Taunus Mountains: Distribution, Tracks, and Life Cycle
(Co-author: B. Ahrens)

Yangbo Chen: Flash flood forecasting by coupling radar-based precipitation and distributed
hydrological model (Co-author: H. Zhou, Q. Ren)

Xingang Dai: Statistical Prediction of China Summer rainfall Using Regression
(Co-author: Z. Cheng, and P. Wang)

Tommaso Diomede: Comparison of calibration techniques for a limited-area ensemble precipitation
forecast using reforecasts (Co-author: C. Marsigli, A. Montani, and T. Paccagnella)

Sohyun Cho: Quantitative Precipitation Estimation Using Neural Networks and Multi-sensor
Data (Co-author: G. Kim)

Shicheng Huang: Analysis for Turbulence and Wind Gust Factor in Surface Layer Affected by
Typhoon (Co-authors: J. Zhou, W. Wang, B. Zhang, and B. Zhang)

Shicheng Huang: Research and Application of Typhoon Gale Disaster Evaluation Methods --Taking
Sutong Bridge as Example (Co-authors: J. Zhou, W. Wang, B. Zhang, and B. Zhang)

Wei Jiang: Study on Spatial-Temporal Distribution and Variation of Jiangsu Summer Precipitation
(Co-author: J. Lu)

Thaejin Kim: The characteristic change and analysis of its cause of recent precipitation in
DPR of Korea (Co-author: C. Song)

Fanyou Kong: An Hourly Updated Convection-Allowing Forecast System in Shenzhen region
(Co-author: H. Lan, W. Wang, F. Cai, X. Sun, X. Chen, Y. Wang, M. Xue, and J. Gao)

Anwei Lai: Downscaling precipitation for weather forecast using high resolution terrain data and
multi-model predictions (Co-author: C. Lin, C. Cui, and J. Li)

Hongping Lan: A Kalman Filter based QPF calibration system (Co-author: F. Kong, J. He, and X.
Chen)

Liang Li: Probability Distribution of Daily Precipitation in the Huaihe Basin of China
(Co-author: L. Zhao, Y. Gong, F. Tian, and Z. Wang)

Yi Li: The Impact of North Pacific subtropical highs upon ENSO on the interannual timescale
(Co-authors: X. Yang, and S. Huang)

Jian Lin: Establishment and Verification of Multi-model Ensemble Forecast System
(Co-author: X. Jiang, and Y. Jiang)

Mu Xiao: Multi-model Ensemble QPF for Southeastern China Using Bayesian Model Averaging
(Co-author: Y. Tao, Q. Duan, G. Zhang, and L. Zhao)

Pertti Nurmi: Verification of QPFs in hydrological catchments applying the novelty SAL technique
utilizing QPEs based on a local analysis system and radar data
(Co-author: S. Nasman, and E. Gregow)

Meijuan Pu: Analysis on a permanent elongate convective system of rainfall (Co-authors: D. Qin, Y.
Xia, X. Zhang, L. Xie, and B. Zhang)

Youcun Qi: Radar-based Quantitative Precipitation Estimation for the Cool Season in Mountainous
Regions (Co-author: J. Min, J. Zhang, D. Kingsmill, and K. Howard)
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Youcun Qi: Correction of Radar QPE Errors Associated with Partial Bright Band Observations
Near the Ground (Co-author: J. Zhang, K. Howard, and D. Kingsmill)

Carlos Santos: QPF verification using object-oriented methods to investigate the benefits of higher
resolution models (Co-author: A. Ghelli, I. Guerrero, and L. Ferranti)
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Synoptic and Mesoscale Processes Associated with
Extreme Convective Rainfall

Richard H. Johnson

Department of Atmospheric Science
Colorado State University
Fort Collins, CO 80523
Johnson@atmos.colostate.edu

1. Introduction

Extreme convective rainfall accounts for substantial property damage and loss of
life worldwide, both in monsoon/tropical regions and at midlatitudes. Such
storms often cause flash floods, especially in regions with mountainous terrain.
Just this summer, devastating floods hit many areas of China, Pakistan, and
other parts of Asia. The primary environmental factors contributing to heavy
rainfall are abundant moisture, instability, and a lifting mechanism. However, in
order for extreme rainfall to occur, something other than just favorable
environmental conditions must exist. In some cases a critical factor may be a
low-level jet impinging on steep orography. However, in other cases, particularly
in regions where the terrain is relatively flat, a unique pattern of mesoscale
organization and behavior of convection has been identified to be associated with
extreme rainfall. Heavy rainfall has also been observed to occur in connection
with mesoscale convective vortices (MCVs), which are often observed
downstream of major mountain barriers such as the Rocky Mountains and
Tibetan Plateau. This paper reviews synoptic and mesoscale processes
associated with extreme rainfall based on studies of such events during the warm
season over the United States.

2. Synoptic and mesoscale settings associated with extreme convective
rainfall

In a study of over 150 flash flood episodes in the United States, Maddox et al.
(1979) identified four distinct types of heavy rain events. The two most common
synoptic and mesoscale patterns, labeled mesohigh and frontal, had similar
characteristics with respect to the behavior of convective cells that led to the
extreme rainfall. In particular, these storms, aided by lifting along a frontal
boundary or previous thunderstorm outflow boundary, repeatedly developed and
moved over the same area. This pattern of behavior is often referred to as back-
building or training convective cells.

Over East Asia, heavy rainfall often occurs along the Meiyu-Baiu rainband, which
extends from southeast China to Japan (Ninomiya and Murakami 1987; Tao and
Chen 1987) or the Chagma front across Korea. The Meiyu-Baiu rainband has
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characteristics of a frontal zone, i.e., a strong moisture gradient and a horizontal
wind shear line, but with a temperature gradient that is weak over China but
somewhat stronger over Japan. From a large-scale perspective, the Meiyu-Baiu
rainband represents a zone of convergence between the southwest monsoon
flow and northerly flow associated with the passage of midlatitude disturbances
around the Tibetan Plateau (Fig. 1)

500-hPa wind

40N

20N

low-level flow

80E 120E 160E

Fig. 1. Schematic diagram illustrating the factors that bring Meiyu-Baiu rainfall in early
summer East Asia (Sampe and Xie 2010).

Within the Meiyu-Baiu-Chagma rainband, mesoscale disturbances develop
accompanied by intense convection and heavy rainfall (Ninomiya 2004). The
fact that this convergence boundary is often quasi-stationary leads to the
frequent occurrence of extended periods of heavy rain and floods.

3. Mesoscale organization of extreme-rain-producing storms

In a study of extreme' rainfall events in the eastern two-thirds of the United
States during a 5-year period, Schumacher and Johnson (2005, 2006) found that
66% of the cases were associated with mesoscale convective systems (MCSs).
The others were of synoptic or tropical origin. Given that MCSs are dominant
factors in extreme rainfall and flash floods, it is important to understand the
organizational characteristics of MCSs. The most common organizational
pattern for linear MCSs is that found in many squall lines, referred to as trailing
stratiform precipitation systems (Smull and Houze 1985; Houze et al. 1989).

However, other organizational structures of MCSs have been found to exist. In a
study of 88 linear, warm-sector MCSs over the United States, Parker and
Johnson (2000) found three dominant modes of organization of convective lines
and attendant stratiform precipitation (Fig. 2). The three modes are convective
lines with trailing (TS), leading (LS), and parallel (PS) stratiform precipitation. TS
systems were the most common, accounting for ~60% of the cases, with the LS

' Defined as rainfall that surpasses the 50-year recurrence interval.



and PS each accounting for about 20%. The key factor determining the
organizational structure was the vertical wind shear. TS systems exhibited front-
to-rear storm-relative flow throughout the troposphere, LS systems rear-to-front
storm-relative flow aloft, and PS systems contained primarily line-parallel storm-
relative flow aloft. Many systems did not retain one mode of organization
throughout their life cycles, but rather transitioned between modes, the TS mode
being the most-frequent final state.

Linear MCS archetypes

Initiation Development Maturity

. TS £ - @ a

: y .
Leadmg stratiform ' ‘

c. éé
Parallel straﬂform f %

100 km

Fig. 2. Three modes of organization of MCSs in the central United States: trailing,
leading, and parallel stratiform precipitation systems (Parker and Johnson 2000).

Not all of the modes of convective organization shown in Fig. 2 lead to heavy
rainfall. Unique patterns of convective organization and cell propagation are
necessary to produce extreme rainfall (Doswell et al. 1996). Such patterns have
recently been documented by Schumacher and Johnson (2005).

A study of 184 heavy-rainfall cases for the period 1999-2003 reveals three
dominant modes of MCS organization associated with extreme-rain-producing
storms (Schumacher and Johnson 2005, 2006). These modes (Fig. 3) are
referred to at training line/adjoining stratiform (TL/AS), back-building (BB), and
trailing stratiform (TS). The first type, comprising 34% of the MCSs, is
characterized by a typically east-west convective line along a quasi-stationary
frontal boundary with west-to-east training convective cells on the cool side of the
boundary and an area of stratiform precipitation displaced to the north. The
second type, comprising 20% of the cases, is typically smaller in overall size and
features back-building cells along an outflow boundary, with repeated cell
formation over the same location and an area of stratiform precipitation typically
downstream. The third type, also comprising 20% of the cases, has the overall
structure of commonly occurring trailing-stratiform (TS) MCSs, but in the heavy-
rain cases, the southern end of the line becomes oriented in an east-west



direction, approximately aligned with the overall motion vector of the
MCS, leading to training convective cells (and heavy rainfall) on the southern
end.

A) TRAINING LINE -- ADJOINING STRATIFORM (TL/AS)

C) TRAILING STRATIFORM (TS)

U2897444440

STATIONARY FRONT OR OTHER BOUNDARY T
LOW-LEVEL SHEAR

B) BACKBUILDING / QUASI-STATIONARY (BB)

NEW CELLS FORM HERE
OUTFLOW BOUNDARY
|

~

RIS

PROPAGATION

~150 KM ’

Fig. 3. Three extreme-rain-producing storm mature-stage archetypes, (a) training-line,
adjoining-stratiform (TL/AS) organization, (b) back-building (BB) organization, and
trailing-stratiform (TS) organizaton. TL/AS and TS systems are generally larger in
horizontal scale than BB systems. From Schumacher and Johnson (2005, 2006).

The extreme rain events (all modes) were found to be a maximum during the
nighttime hours, consistent with the earlier findings of Maddox et al. (1979).
Similar findings of a nocturnal maximum in precipitation in general (not
necessarily extreme events) along the Meiyu-Baiu frontal zone have been found
(e.g., Kato et al. 1995; Asai et al. 1998; Geng and Yamada 2007), although
recent studies show a diurnal phase of precipitation systems having a coherent
eastward transition from a midnight maximum over the eastern Tibetan Plateau
to an afternoon maximum over the lower Yangtze River valley (Wang et al. 2005;
Yu et al. 2007). The nocturnal low-level jet has been implicated in the nighttime
maximum of extreme rainfall over the United States, although the details of
mechanisms are still under investigation.

4. Role of mesoscale convective vortices (MCVs)

Investigation flash floods associated with Midwestern United States MCVs has
revealed a common pattern of behavior contributing to slow-moving, extreme-



rain-producing storms (Schumacher and Johnson 2008). Observations and
simulations using the NCAR WRF model show that slow system motion arises
from the interaction of a low-level jet and the MCV circulation. In a broad-scale
sense, deep convection is favored on the downshear side of the MCV as a result
of dynamic lifting (e.g., Raymond and Jiang 1990; Trier and Davis 2002).
Locally, the reverse shear associated with the low-level jet in the presence of
deep convective heating produces a low-level gravity wave that organizes
convection into a line and contributes to back-building and heavy rainfall
(Schumacher and Johnson 2008).

A study of a number of flash-flood cases has revealed a recurring pattern of
heavy rainfall associated with MCVs that supports early findings for a single
event — the May 7, 2000 St. Louis flash flood. A conceptual model for MCVs and
heavy rainfall that brings together these results is shown in Fig. 5 (Schumacher
and Johnson 2009).
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Fig. 5. Schematic diagrams showing important processes in the development and
maintenance of extreme-rain-producing convective systems associated with midlevel
circulations. (a) Plan view. A schematic representation of the radar reflectivity structure
of an MCS is shown in color, in relation to the location of a midlevel vorticity maximum
(dark gray shading and curved arrows). (b) Southwest-to-northeast cross section.
Representative isentropes (every 5 K) are shown by the thin black lines; the wind profile
(including LLJ) is shown by the vectors on the left. Green shading indicates areas with
relative humidity > 90%; gray shading indicates high values of absolute cyclonic vorticity.
From Schumacher and Johnson (2009).



MCV:s are known to be important circulation features associated with heavy
precipitation features downstream of the Tibetan Plateau. Recent studies
suggest that MCVs can generate secondary convection (Fritsch et al. 1994) that
can produce heavy rainfall and flooding over the Yangtze River valley and the
Huaihe River Basin (e.g., Sun et al. 2010). The mechanisms occurring in United
States extreme-rain events illustrated in Fig. 5 may be similar to those occurring
over China. Moreover, the MCVs contributing to the heavy rainfall may be linked
to potential vorticity anomalies generated by upstream mountain barriers: the
Rocky Mountains in the United States and the Tibetan Plateau in China (Li and
Smith 2010).

5. Summary and conclusions

This paper reviews synoptic and mesoscale mechanisms associated with
extreme convective rainfall, with specific attention to the modes of organization of
convective systems that are responsible for heavy precipitation. While synoptic
conditions that provide abundant moisture and instability are critical for setting
the stage for heavy rainfall, it is the existence of mesoscale processes — a lifting
mechanism and favorable convective organization and cell propagation — that is
necessary for extreme rainfall to occur. A study of United States extreme-rainfall,
flash-flooding convective episodes indicates that two-thirds are associated with
mesoscale convective systems (MCSs). Three recurring patterns of mesoscale
organization were found in such MCSs: trailing-line/adjoining stratiform, back-
building, and trailing stratiform structures. Mesoscale convective vortices
(MCVs) are also frequently implicated in extreme rainfall, where dynamical lifting
on the downshear side of the vortices coupled with a low-level jet conspires to
generate intense, quasi-stationary convection.
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Convection over the Taunus Mountains: Distribution, Tracks and Life
Cycle

Christoph Brendel and Bodo Ahrens
Institute for Atmospheric and Environmental Sciences, University of Frankfurt
christoph.brendel @iau.uni-frankfurt.de

1. Introduction

Deep convection belongs to one of the most intensive atmospheric processes on earth. Deep
convection is often associated with heavy rainfalls, wind gusts, hail and lightning. In some cases,
strongly depending on favourable meteorological key parameters, the development of tornados is
possible (DOSWELL 2001). These natural hazards can result in high damages, insurance costs and
sometimes loss of human lives. Convective processes occur on the local- and mesoscale, and are
highly variable in space and time in their occurrence and intensity. For this reason forecasting of
convection in detail is difficult. Especially the areas of formation, the tracks of single convective cells
and their behaviour are not predictable. Rain gauge networks are also not able to detect convective
precipitation in its totality and therefore a high-resolution long-term climatology of deep convection
does not exist. Regarding these problems there was a motivation to find out how convective cells
occur and trace over complex terrain, e.g. low mountain ranges. There are some examinations about
the influence of mountainous areas on convection done in the USA. On the one hand the aim was to
identify regions, which initiate convection depending on different stream directions (BANTA and
SCHAAF 1987) and on the other hand the suggestion was to investigate the influence of the Colorado
Rocky Mountain Range on the diurnal cycle of convective precipitation for two summer seasons
(KARR and WOOTEN 1976).

2. Area of Investigation

The area of investigation is located in the German low mountain ranges with focus on the Taunus
Mountains (Fig. 1). The Taunus Mountains consist of three parts: a main ridge (a) that is orientated
from southwest to northeast; a northern part with some side ridges orientated from southeast to
northwest, separated by a large valley/basin (b) into a western (c) and an eastern part (d); and a
southern narrow zone (e) dropping off steeply to the Rhein-Main-Basin.

Figure 1: Area of
investigation,
digital elevation
model (shaded),
area borders of
unspoiled nature
(grey lines),
dimension of the
whole area (80km
north-south and
100km west-east)

50m 900m
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3. Data

For the investigation the weather radar data for the time period March 2000 — December 2007,
provided by the German Weather Service (DWD), were taken into account. The advantage of this
radar product is the high temporal (5 min) and spatial (1 km) resolution. Disadvantages are some
shadowing effects caused by the highest mountain peaks due to the precipitation scan of the radar,
which allows only the scan of the lowest layer. For further investigations, the output of convective
cells and tracks has been subdivided into different stream directions, based on the objective weather
classification of the DWD.

4. Method

Based on an existing tracking algorithm (STEINACKER et al. 2001) a simple algorithm was created to
filter radar images, to identify convective cell cores, and to determine the tracks for every single cell
core.

A 2-dimensional Gauss filter was used to smooth the radar images with a standard deviation ¢ of 0.85.
The filter matrix consists of 7 x 7 grid points. The necessity of the filter is explained by remaining
clutter and the precipitation structure in general, which can have weak secondary cell cores. After
filtering they merge with primary cell cores and this make the identification of convective cell cores
more clearly for the automatic algorithm.

To identify convective cell cores, two basic conditions have been defined to distinguish between
convective and stratiform precipitation. On the one hand an intensity threshold for convective cell
cores has to be considered, which was set to 8.12 mm/h. On the other hand the spatial variability of
convective precipitation has to be considered. To check these conditions a 7 x 7 grid point matrix was
again taken into account. The algorithm checks the differences in precipitation from the central grid
point to the surroundings. Potential cell cores must have a larger precipitation intensity than its direct
surrounding grid cells, and grid cells in larger distance to the central grid point of the matrix must have
a certain precipitation difference to them.

For tracing convective cell cores from one time step to the next time step, additional data were needed.
Thus, six hourly means of NCEP/NCAR reanalysis data for u- and v- wind vectors have been used
(HARRIS 2008). To recover a cell core in the next time step from a radar image, a displacement vector,
based on the reanalysis wind data, will indicate the expected position of the cell core. From the end of
this displacement vector a searching area is defined to look for cell cores. In the case the algorithm
finds a cell core within this area an identical ID number is assigned, otherwise the cell core is
dissolved or a cell core beyond the area is assigned with a new ID number. A shortcoming of the
algorithm is that merging and splitting of convective cells cannot be considered and the assumption
that convective cell cores always shift with the mean stream direction of the troposphere.

5. Results

The whole dataset consists of 89671 cell cores, which mostly occur under southwesterly flow direction
(59.6%). The second most frequently-occuring weather type for convective cells is the northwesterly
flow (18.1%), followed by the undefined flow direction (17.3%) and the southeast (3.9%) and
northeast (1.1%) flows. To get an overview of the large dataset of convective cells and their tracks, a
line density per km” was calculated within a radius of 1.5km. Figure 2 shows the most interesting
stream directions for the whole period of investigation. First of all the results show different regions
for the highest densities of convection, highly depending on the stream direction. Southwesterly flows
show a very high density of convective tracks caused by the eastern side ridge of the Taunus
Mountains (c), which moves to the Wetterau Basin (g) and Lahn Valley (h) east of the Taunus
Mountains (Fig. 2). The western part of the Taunus Mountains (d) shows significantly lower densities.
Northwesterly flows show a significant high density of convective tracks at the Odenwald Foothills (f)
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in the southeast of the investigated area (Fig. 2). Much less densities are located across the whole
Taunus Mountains, but with a slightly higher density north of the Main Taunus Ridge (b,c,d). The
comparison between summer and winter shows a more homogenous distribution of convection during
the summer period than for winter times (not shown).

[>10-12] >12.14] [>25-30] >30.35]

Figure 2: Density of convective tracks (shaded) for northwesterly flow (left) and southwesterly flow (right), mean
track direction of convective cell cores (arrows), area borders of unspoiled nature (grey lines)

6. Conclusion

The distribution of convection is highly heterogeneous over the area of investigation. The number of
convective cell cores does not much correlate with elevation but some specific elevated areas have a
large influence on convection. Considering the shadowing effect at the highest mountains, it is still a
little bit surprising that there seems to be only a small influence by the Main Taunus Ridge to the
occurrence and initiation of convection. Especially southwesterly flows show an enhanced initiation of
convection due to mountain ridge perpendicular to the flow, and additionally, a further development of
the cells downwind the mountains.
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In this study , the compos ited hybrid scan radar re flectivity dat a of the
Central W eather Bureau (CWB) s Quan titative Precipit ation Estimation
Segregation Using Multiple Sensor s (QPESUMS) system and the lightning
data of the T aiwan Power Comp any (T aipower)’s Total Lightning Detection
System (TLDS) are used to characteri  ze the signific ant continuous rainf all
periods in southwestern Taiwan during the 2008 Mei-Yu season. High temporal
resolution sounding data taken during SOWMEX/TIMREX are used to describe
the environment conditions.

A total of 40 rainfall event s are ident ified in the 2008 Mei-Y u season. The
results indicate that, based on the initia tion location, the precipit ation events
can be classified into three types: | and, oceanic, and mix ed. The former tw o
types are evenly distributed (18:17) and o ccupy most of the cases. For the
time of development, the land events usually begin in the daytime with shorter
durations. In contrast, the oceanic events have their initiations in the nighttime
and persis t longer . Most of the land ev  ents are related to the af  ternoon
thunderstorms and reveal pronounced diurna | cycle signal. In terms of sp atial
distribution, on the average, the land-type (oceanic-type) precipitating systems
are more concentrated (widespread) with higher fraction of convective
(stratiform) precipitation and higher (lower) lightning density.

For the environmental conditions, the land (oceanic) events are associated
with larger (smaller) convective available potential energy (CAPE) and smaller
(larger) convective inhi bition (CIN). Otherwise, the composited soundings
show that the oceanic-type has a much stronger and moister southwesterly
flow over the lower troposphere than the land-type.

Using dropsondes and ship sondes, it is found the up stream southwesterly
possesses quite different characteristics from the one over the plain area in the
southwestern Taiwan. The influence of terrain is indicated.
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Spatial and Temporal Variations of Extreme Precipitation Events in
the Huaihe River Basin,China

Yong WANG', Qilong MIAO?, Yuanyuan DING'

'School of Remote Sensing, Nanjing Unversity of Information Science & Technology.
*College of Applied Meterology, Nanjing Unversity of Information Science &
Technology. Email: wyong0210@163.com

1. Introduction

The spatial and temporal variations of extreme precipitation events are the direct
source of flood and drought hazards. One of the major concerns related to
anthropogenic climate change is an increase in extreme events that could have a
profound impact on both human society and the natural environment. The fourth
assessment report (AR4) of the Intergovernmental Panel on Climate Change (IPCC)
pointed out extreme precipitation events in many mid-latitude regions were likely to
increase, and the total area affected by drought since the 1970s has been likely to
increase (Alexander et al., 2006; IPCC, 2007). These results described the general
trends in extreme precipitation events at a large spatial scale, but the changes in
particular regions were not conclusive (Kunkel, 2003; Wang et al., 2008) and need to
be assessed.

Regional differences in extreme climate events can be great. In general,
increasing temperatures speed up the water cycling process, which can possibly result
in increases in precipitation amount and intensity.However, no trend or significant
downward trends in extreme precipitation events have also been found in some areas
due to variabilities such as topography and local circulation.

The objectives of this study were to analyze the temporal trends and their spatial
distribution for each extreme precipitation indicator. Based on the daily observational
data of 26 stations in the Huaihe River Basin (HRB), spatial and temporal variations
of extreme precipitation in the last 48 years are analysed in the present study. The
detailed analysis on trends of the extreme precipitation events at a regional scale is
important to forecast and reduce the climate induced flood risks and provide
information for rational countermeasures.

2. Data and Methods
2.1 Study area

In this paper, the study area is that the HRB is located in the eastern China (Fig.
1). It rises of the Tongbo and Funiu Mountains in west, and faces to the Yellow Sea in
east. HRB totally covers 270,000km” area. The Huaihe River originates from the
Tongbo Mountain of Henan province and flows through four provinces (Henan,
Hubei, Anhui and Jiangsu province).
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Fig.1 Location of the Huaihe River basin and meteorological stations.

2.2 Data

The time series of daily precipitation records at 26 meteorological stations on the
HRB (Fig. 1) were collected for this study from Ist January 1960 to 31st December
2007. The data were provided by the National Climatic Center (NCC) of the China
Meteorological Administration (CMA).
2.3 Indicators of extreme precipitation events

Six indicators (Tab.1) used in the STARDEX (STAtistical and Regional
dynamical Downscaling of EXtremes for European regions) project were chosen to
analyze the characteristics of extremes. R10mm and R20mm are two indicators of the
frequency of significant precipitation days for a given year, while Rx1day, Rx5day,
RI95T and R99T measure the magnitude of the more intense precipitation events.

Tab.1 Extreme precipitation indicators.

Indicators Definition Unit
Maximum 1-day precipitation total ) ) ) )
Maximum rainfall during the continuous one days mm
(Rx1day)
Maximum 5-day precipitation total
Maximum rainfall during the continuous five days mm
(Rx5day)
Heavy precipitation days (R10mm) Number of days with precipitation>10 mm day™ d
Very heavy precipitation days (R20mm) Number of days with precipitation>20 mm day™'

Annual total precipitation due to events exceeding the
Very wet days (R95T) . mm
1961-90 95th percentile

Annual total precipitation due to events exceeding the
Extremely wet day (R99T) ) mm
1961-90 99th percentile

2.4 Methodology
a. Trend analysis

Trend analysis methods used linear regression. Linear trend analysis indicated
the tendency rate (slope) using least squares at the 95% confidence level. Linear trend
analysis was used to quantify the change magnitude of all indicators.
b. Probability distribution functions

Probability distribution functions (PDFs) were calculated for extreme
precipitation indicators for two different time periods. This was done by binning
annual values across their range for the 1960-83 and 1984-2007 intervals. The results
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were normalized to sum 1 to give the probability distribution.
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Fig.2 Temporal changes of extreme precipitation indicators on the Huaihe River Basin during 1960-2007.

3. Results
3.1 Temporal variations in extreme precipitation events

Fig.2 showed the trend in changes and the temporal evolution for six extreme
precipitation indicators on the HRB from 1960 to 2007. Although the RXlday,
Rx5day, R10mm, R95T and R99T showed upward trends and R20mm showed
downward trends in their annual anomalies (Fig. 2), these were not significant.

Fig.3a-d show the PDFs for four annual extreme precipitation indicators on the
HRB. From these figures it is evident that there has been an increase in the three
wetness indicators and a litter decrease in the dryness indicator over the period. Figure
3ab show a marked increase in the rainfall of Rx1day and Rx5day over the 1984-2007
period. There has also been a little increase in the number of heavy precipitation days
(R10mm) (Fig.3c). Figure 3d shows a little reduction in very heavy precipitation days
(R20mm) over the latter interval. The probability distribution of R95T and R99T
show also a little increase over the 1984-2007 period (Tab.2).
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Fig.3 Annual probability distribution functions for (a) Rx1day, (b) Rx5day, (¢) R10mm, and (d) R20mm between
1960 and 2007 for the two time periods: 1960-83 (Dotted line) and 1984-2007 (Solid line).
For all the indicators, except very heavy precipitation days (R20mm), the PDF
for the most recent time interval (i.e., 1984-2007) is different from the former interval.
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This indicates a shift in the distribution toward wetter conditions over the past two
decades.
Tab.2 The probability distribution of RO5ST and R99T on the Huaihe River Basin.

Probability
Extreme precipitation
o 71-140 141-210 211-280 281-350 >350
indicators Omm  40-70mm
mm mm mm mm mm
ROST 1960-1983 0.058 0.083 0.181 0.23 0.205 0.157 0.086
1984-2007 0.06 0.094 0.188 0.196 0.212 0.152 0.098
1960-1983 0.523 0 0.279 0.093 0.063 0.023 0.019
R99T
1984-2007  0.481 0 0.284 0.091 0.078 0.037 0.029

| (a) Rx1day

- (b) Rx5day
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Fig.4 Spatial trends for six extreme precipitation indicators, for the 1960-2007 period. Squares indicate where
significance was reached at the 5% level.
3.2 Spatial variations for extreme precipitation events
From the spatial trends of extreme precipitation indicators, extreme precipitation
indicators have different change situations in various regions. The maximum rainfall
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during the continuous one day (Rx1day) shows an increasing trend in middle part of
HRB, and it is decreasing trend in the coastal areas of Jiangsu (Fig.4a). The maximum
rainfall during the continuous five days (Rx5day) shows an increasing trend in middle
part of HRB, but it is opposite in the coastal and north areas of HRB (Fig.4b).

For heavy precipitation days (R10mm), the trend shows a general positive trend
toward wetter conditions, with the exception of some stations located in the northeast
part (Fig.4c). The increasing and decreasing trend of very heavy precipitation days
(R20mm) have half each (Fig.4d). The increasing trends are located in locates on the
middle part of HRB.

Except northeast part of HRB, the rainfall of very wet day (R95T) and extremely
wet day (R99T) in other regions all show an increasing trend (Fig.4ef). They decrease
from the southwest to the northeast, with the highest value in the west of HRB
(>0-0.04mm/a) and the lowest in the northeast of HRB (<-0.04 mm/a).

4. Conclusions

Total daily precipitation at 26 weather stations on the HRB during 1960-2007
was used to analyze the spatial distribution and temporal trends of extreme
precipitation events.Some general conclusions can be reached: Except R20mm, other
extreme precipitation indicators all showed the rising trend. All indicators were not
significant. From the spatial distribution of extreme precipitation indicators, extreme
precipitation indicators had different change situations in various regions. Rxlday
shows an increasing trend in middle part of HRB, and it is decreasing trend in the
coastal areas of Jiangsu. Rx5day shows an increasing trend in middle part of HRB,
but it is opposite in the coastal and north areas of HRB. For R10mm, the trend shows
a general positive trend toward wetter conditions, with the exception of some stations
located in the northeast part. The increasing and decreasing trend of R20mm have half
each. Except northeast part of HRB, the rainfall of R95T and R99T in other regions
all show an increasing trend. A future study, which will address the projection of
extreme precipitation indicators in the HRB, based on climatic models, is also
planned.
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Abstract

The impact of changes in soil moisture in subtropical Argentina in rainfall amounts and
distribution, and low level circulation is studied with a state-of-the art regional model in a
downscaling mode, with different scenarios of soil moisture for a 10 day period. Four tests
were conducted at 40 km horizontal resolution with 31 sigma levels, decreasing and
increasing the soil moisture initial condition by 50% over the entire domain, and imposing a
50 % reduction over northwest Argentina and 50% increase over South East South America.
In all cases, the WRF-NOAH model is used to represent the meteorological variables and the
surface processes.

It was found that land-surface interactions are stronger when soil moisture is decreased,
with a coherent reduction of precipitation over southern South America. Enhanced northerly
winds result form an increase in the zonal gradient of pressure at low levels. In contrast,
when soil moisture is increased, smaller circulation changes are found, though there appears
to be a local feedback effect between the land and precipitation The combined effects of
changes in the circulation and in local stratification induced by soil moisture modifications,
through variations in evaporation and CAPE, are in agreement with what has been found by
other studies. Finally, this sensitivity study shows the need to gain insight into the
uncertainties in the initial condition, and in the interaction between the precipitation, one of
the main forcing of the soil model, and the soil moisture in this region.

1. Introduction

There are very few studies addressing the issue of land-atmosphere coupling over
South America, and most of these analyze impact of surface conditions on precipitation at
monthly or seasonal time scales (Collini et al. 2008; Grimm et al. 2007; among others).
These studies suggest that soil moisture has an important role on precipitation variability and
in the monsoon development. However, if soil memory is indeed bounded by a 15 day period
—as shown by Dirmeyer et al. (2009)-, monthly means may provide weak representations of
land-atmosphere coupling over large areas in South America and actual feedbacks may be
hidden. Consequently, inferences obtained from climate studies could be complemented by
individual case examinations. This hypothesis constitutes our rationale to select a particular
case study in order to analyze in more detail the pathways for land-atmosphere coupling over
our region of concern, which covers southern and southeastern South America. We selected
a Northwestern Argentina Low (NAL) event, characterized by an enhanced South American
low level jet (SALLJ), rather persistent synoptic circulation, and high frequency of occurrence
during summer time (Ferreira 2008). This kind of events are particularly sensitive to surface
heating as well as enhanced soil moisture/surface temperature gradient, and are associated
with heavy rainfall that is mostly concentrated over Southeastern South America (SESA), at
the exit region of the LLJ.

In order to show how soil moisture-precipitation-circulation interaction takes place,
and to see the impact of soil moisture changes on this interaction, we designed a series of
sensitivity studies which are described in section 2. Sections 3 examine the impacts on
precipitation and circulation, while the conclusions are presented in section 4.

2. Numerical Experiments
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The Weather Research and Forecasting model (WRF) version 2.0 (Skamarock et. al.
2005) is used to perform all experiments in a domain centered over the area affected by the
NAL and the SALLJ shown in Figure 1. The model was run in non-hydrostatic mode with 40
km grid spacing in the horizontal and 31 vertical levels. We utilize the Eta Grid-scale Cloud
and Precipitation microphysics scheme, (Ferrier et al. 2002); convection was parameterized
using the Kain-Fritsch method (Kain 2004).The NOAH Land Surface Model was used to
represent surface processes (Chen and Dudhia 2000).

All simulations were initialized on 29 January 2003 at 1200 UTC and run for 10 days.
Initial and boundary conditions with 6 hr intervals are derived from the NCEP-GDAS analysis.
Land use categories employed by the WRF are those generated by the US Geological
Survey Land Use/Land Cover System.

The experiment design is conceived to address the following questions: Is SESA
precipitation modified by changes in soil moisture at regional scales? What kind of
feedbacks, due to these changes, can be identified in the circulation at synoptic time scales?
Experiments E1 and E3 should help to answer these issues, since they correspond to 50%
decrease/increase —respectively- of soil moisture over the model domain. We also wish to
evaluate the impact of enhanced soil moisture gradients on the LLJ and related precipitation.
This goal motivates experiments E2 and E4 which are similar to E1 and E3 but with moisture
changes bounded by two specific areas: drier conditions (E2) are limited to northwestern
Argentina area while moister ones (E4) affect SESA (see the subareas in Figure 1b).

3. Results

Figure 1 shows the differences between the experiment E1 and E3, and the CTRL
run. E1 and E3 lead to the expected results: decreased soil moisture produces less
precipitation and vice versa. Differences take place over the areas where precipitation was
simulated, with major changes over central and eastern Argentina, Uruguay, southern Brazil,
a band north of 15°S and along the frontal area. In terms of relative importance (changes
normalized by total simulated precipitation in the CTRL run, not shown) it can be noticed that
larger impacts occur south of 20°S, regardless of whether soil moisture has been decreased
or increased with respect to the CTRL run. Our difference fields for E1 and E3 look rather
similar to Collini et al. (2008) results reinforcing our idea that this particular case is highly
representative of an important component of the summertime variability.

E1—Ctrl E3—Ctrl

2554

3054

3554

4054

5

A
| l | | I = B5W SOW 75W 7OW 65W BOW 55W S0W 45W 40W 35\

—28 —14 -7 -3 3 7 14 28

Figure 1: Accumulated precipitation differences (in mm) between each experiment and the
control run. The box in the left panel indicates the area where averages have been performed.
The circles in the right panel indicate the E2 and E4 experiments.
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A southward shift of the frontal evident at the maritime portion of the front precipitation
(the broken line in left panel of the Figure 1 denote the frontal position), is observed in the E1
and this is associated with the stronger northerlies denoted in Figure 2 and the enhanced
convergence at the exit region of the LLJ —which is displaced towards the south. The wind
response in E3 (not shown) is weaker, compatible with reduced northerlies over central
Argentina (i.e associated with weaker NAL) and at the frontal area that can be related with
the northward location of the precipitation maximum associated with the front.

To identify the pathways for
land-atmosphere interactions it is
useful to analyze the day-by-day
evolution of soil moisture,
precipitation and Convective
Available Potential Energy (CAPE).
We compute the areal average over
,2 a selected box located in the south
74 portion of SESA indicated in Figure

1a. The results are depicted in

Figure 3 and 4.
Changes in soil moisture
(Figure 3a) affect the precipitation,
- where the stronger impacts are
Figure 2: Mean 850 hPa wind anomalies in m s-1 at 0600  associated with the convective
UTC for E1-CTRL. portion of precipitation.

s SO 2w B 7o 700 Bl BOW 2o SOW 420 400 3ol

If we compare E3 with E1, it is clear that convective precipitation starts earlier when soil
moisture is higher over the area.

Besides the marginal precipitation in the first few days, the most important differences
appear by February 2. This helps to explain soil moisture behavior from the beginning of the
model run: before rainfall occurrence (i.e before February 2) soil moisture evaporates,
especially in experiments with increased soil moisture (E3 and E4 values decrease
substantially). Just after this time, all the experiments except E1 show the start of heavier
precipitation, and soil moisture recovers rapidly, with larger increases in close
correspondence to larger rainfall rates. There is a sustained recuperation of soil moisture
amounts from February 3™ which is more evident in the drier runs.
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Figure 3: a) soil moisture anomalies (m3m’3), b) Daily accumulated convective precipitation (mm),
area averaged over the box indicated in Figure 1.
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Convective rainfall in wet runs is facilitated due to two positive effects: lower cloud
base and CAPE increases through low level moistening. In contrast, dry runs, though
warmer, result in very deep boundary layers (PBL) and lower CAPE. This response of the
PBL to soil moisture has been confirmed in the present simulations, which exhibit the
deepest PBL in E1, reaching almost twice the height of E3 on particular days (not shown).

The results for a reduction of soil moisture over northwestern Argentina (E2) and soil
moisture (E4) increase over SESA perturb the associated precipitation in a similar way (both
regarding the area and the type of modification), with a slight preference for the latter to
increase it. This result leaves a warning on possible impacts of enhanced irrigation over
SESA agricultural area.

With regard to CAPE variability (Figure 4) it can be seen that the experiments with
higher CAPE have more convective rainfall. However, given similar CAPE amounts from the
beginning of the experiment until February 3", significant precipitation does not start until
February 2". This indicates that changes in the circulation may have occurred between
these dates. The diurnal cycle of CAPE —increasing between 1200 UTC and 0000 UTC, and
decreasing afterwards- is very similar for all the experiments except for E1. The particular
diurnal cycle of CAPE in E1 is mostly explained by 2-m specific humidity variability that tends
to maximize between 1200 and 1500 UTC —not shown-.

2000
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1400
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1000

1Feb 6Feb

\
Figure 4: Maximum CAPE (J kg') area averaged over the box indicated in Figure 1.
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There is a strong similarity between CTRL, E2, E3 and E4 from 1200 UTC, February
3 to the end of the simulation (i.e. from the second cycle). CAPE in E1 does not reach 400J
kg' until February 3: this increase is accompanied by light but sustained convective
precipitation which explains the important recuperation of soil moisture between February 4
and the end of the model run. This is denoted by the increase of soil moisture rate during this
last period. However CAPE in E1 remains lower than that of the other experiments during the
entire integration. A clear delay between CAPE and precipitation maximum is not evident,
showing that this region is affected by different mechanisms, as discussed by Nicolini and
Saulo, 2006.

4. Concluding Remark

From this case study it can be inferred that soil moisture has a significant impact on
precipitation, and this impact becomes evident when the areas where precipitation is
occurring are clearly identified. This denotes the value added by analyzing individual cases.
Most of the changes in precipitation are due to changes in the availability of moisture at low
levels in the region.

The pathways relating soil-atmosphere interactions can be more easily tracked with
the aid of E1 and E3: less (/more) soil moisture reduces (/enhances) CAPE so that
precipitation -particularly its convective portion- is decreased (/increased). This positive
feedback is maintained during the first five days of simulation. The second phase is
characterized by a stronger synoptic forcing where the circulation is strong enough to initiate

-23-



precipitation in E1, even under less favorable CAPE preconditioning, and to recover soil
moisture deficits by the end of the simulation.

Modifications in the circulation are less evident and need even a more careful
analysis in order to be recognized. Nevertheless, we can distingue a low level circulation
more reactive to a reduction in soil moisture than to an increase of this parameter.

Soil memory over the area of study is weak (compared with other regions) but enough
to alter precipitation in a persistent way. For this reason, it is considered that this study
further supports the importance of precise initial soil conditions in achieving maximum
predictability at short and medium ranges.

Acknowledgments:

This study has been supported by The following projects: ANPCyT PICT 2004 25269,
UBACyT X204, CONICET PIP 112-200801-00399, 490225/2008-0 (Prosul), 305302/2006-0
from CNPq. The research leading to these results has received partial funding from the
European Community's Seventh Framework Programme (FP7/2007-2013) under Grant
Agreement N° 212492 (CLARIS LPB. A Europe-South America Network for Climate Change
Assessment and Impact Studies in La Plata Basin).

5. References

Collini E. A., E. H. Berbery and Barros V., 2008: How Does Soil Moisture Influence the Early
Stages of the South American Monsoon?. J. Climate; 21, 2,195-213.

Chen, S.-H., and J. Dudhia, 2000: Annual report: WRF physics, Air Force Weather Agency,
38pp.

Dirmeyer, P.A., C.A. Schlosser, and K.L. Brubaker, 2009: Precipitation, Recycling, and Land
Memory: An Integrated Analysis. J. Hydrometeor., 10, 278—288.

Ferreira, 2008: Causas y variabilidad de la Depresion del Noroeste Argentino e Impactos
sobre los Patrones Regionales de Circulaciéon (Causes and variability of the Northwestern
Argentina Low and its impact over the regional circulations patterns). Ph.D. Dissertation. 177
pp- [Available from Departamento de Ciencias de la Atmosfera, Ciudad Universitaria (1428)
Buenos Aires, Argentina].

Ferrier, B. S., Y. Jin, Y. Lin, T. Black, E. Rogers, and G. DiMego, 2002: Implementation of a
new grid-scale cloud and precipitation scheme in the NCEP Eta model. 15th Conf. on
Numerical Weather Prediction. San Antonio, Amer. Meteor. Soc., 280-283.

Grimm, A., J. S. Pal, and F. Giorgi, 2007: Connection between Spring Conditions and Peak
Summer Monsoon Rainfall in South America: Role of Soil Moisture, Surface Temperature,
and Topography in Eastern Brazil. J. Climate, 20, 5929-5945.

Kain J. S., 2004: The Kain-Fritsch Convective Parameterization: An Update. J. Appl. Meteor..
43,170-181.

Nicolini, M. and A. C. Saulo, 2006: Modeled Chaco low-level jets and related precipitation
patterns during the 1997-1998 warm season. Meteor. nd Atmos. Phys. 94, 1-4, 129-143. doi:
10.1007/s00703-006-0186-7

Pal, J.S., and E. A. B. Eltahir, 2001: Pathways Relating Soil Moisture Conditions to Future
Summer Rainfall within a Model of the Land—Atmosphere System. J. Climate, 14, 1227—
1242,

Skamarock, W. C., J. B. Klemp, J. Dudhia, D. O. Gill, D. M. Barker, W. Wang, and J. G.
Powers, 2005: A description of the Advanced Research WRF Version 2. NCAR Tech Notes-
468+STR . 100pp

-24-



On the Study of Tropical Cyclone Rainfall Mechanism

Lianshou Chen
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Extended Abstract

1. Introduction

Very heavy ra infalls are alw ays caused by tropical cy clones (TCs). Extreme
disastrous ev ents would be o ccurred un der TC heavy rainfall, such asriv =~ er
embankment cru mble down, huge re servoir collapsed, flash floodin g inundation,
landslide a nd de bris flow etc . Th at woul d devast ate s ocieties and human lives. To
improve TC rainf all understan ding is benefitial for disaster preve ntion and
preparedness.

Sustainment and stagnancy of TC or its remnant would contribute tow ards the
very heavy rains. Some rainfall over 1000 mm/24h occurs in a time period when TC
is stagnant or looping in certain local area.

Environmental forcing is one of the fact ors to af fectthe TC rainfall. Water
vapour su pply w ith strong fluxes corre sponding low | ayer j et stream is a basic
condition f or very heavy rainfall. Co mposite data analysis showst he di stinct
difference in moisture fluxes between two groups of TCs with and w ithout heavy
rainfall. Especially when TC en counters the monsoon onset, very heavy rai nfall
would be p roduced by the interaction b etween TC and monsoon sur ge. Co 1d air
intrusion would play an important role to increase the unstable s tratification which
would help increasing rainfall. This process could be happened when a TC interact
with a mid-latitude westerly trough.

Inner mesoscale structure of TC is a direct factor of the TC rainfall. Eye wall and
spiral rain band is a major mesoscale strong c onvective systems to produce heavy

rainfall. Th e oth er mesoscale vortices, wind s hear and inverted troughin the TC

-25-

AZ-1


makowski
Typewritten Text
A2-1

makowski
Typewritten Text

bgb
Typewritten Text

bgb
Typewritten Text


(Liying et al 2010) would enhance corresponding rainfall.

Underlying surface will influences the TC rain fall dra matically. Thes e inc lude
the effects of coastal land, mountainous range topography. Huge inland water surface,
saturated so il gro und an d boundary 1 ayer moisture t ransfer etc. Some mesoscale
vortices within TC could be induced by land topographic effects (Duan et al, 2005)

which would increase the TC rainfall.

Moisture Supply

Monsoon Surge Westerly Trough

Environn

Jet Stream NE Tr: ade wind
Eye wall and Mountain
Sp iral rain Band range effect
Mesosale / U"der ey
\/0 rtices Land
Inland Water Boundary
Mesoscale
Wind Shear Lavemlitansten

Fig.1 Factors affect tropical cyclone rainfall

The total T C rainfall is the results from the interaction among environ mental
forcing, inner mesoscale convective systems and underlying surface influences.(Fig.1).

TC rainfall research usually focus on those physical processes.

2. TC Rainfall Revival

Landfalling tropical cy clones (L TCs) alwa ys bri ng about heavy rai nfall when
they make landfall. Mo st of them would gradually be dissipat ed ow ing to that th ¢
energy would be consu med by land surface friction. How ever, a few of rainfalls
associated withth e remnantof L TC wou ld reinvigorate again. The reviv al
precipitation rat e of th e re mnant could exceed it in landfall s tage. Thisis asmall
probability event that is difficult to predict.

Remnant d epressiono fL TC ov erla nd must absorbn ew en ergy for its
reinvigoration. Diagnostic analysis shows that there are two kind of ener gies would
help the remnant revival to increase the rainfall, those are the potential energy from

mid-latitude and the latent neat energy from the lower latitude.
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Fig.2 Severe tropical storm Bilis (0604) interact with south west monsoon flow

Remnant vortex would obt ain baro clinic poten tial energy from the interaction
between the remnant and mid-latitude trough, The potential energy it obtained would
convert into kinetic energy to reinv igorate the remnant and increase the rain fall. On
the other hand, when monsoon surge and its south west stream flow with wet cloud
cluster merge and embroil into a LTC or its remnant which would obtain water vapour
and latent heat. It would help remnant sustaining longer period over land to increase
TC rainfall (Dong et al, 2010). S evere tropical stor m Bili s (0604) is one of those
typical cases (Fig.2) Which sustained five days over land and bring about very heavy
rainfall in south China. Bilis interact with the humid south west monsoon flow and
strong moisture flux which played a major role for this very heavy rainfall.

Some studies (Zeng et al, 2002 ) also showed that the heat island effect, land
surface topography, cod air intrusion and jet stream coupling in upper level and lower
layer play an important role in TC heavy rainfall.

Most of the LTCs with rain resuscitation made landfall in south east coastal area
of China. Those LTCs have tw o motion trends aft er th eir landfall, n amely move
toward north and west respectively. LTCs with northward motion trend may interact

with mid-latitude trough to g ain b aroclinic p otential energy. Some of them have a
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moisture channel connected with, it’s more favorable to in crease the rainfall of LTC.
Some of the LTC in this group would undergo a process of extratropical transition. On
the other hand, L TCs with westward motion trend may interact with monsoon surge
and humid cloud cluster to gain latent heat energy if there is the occasion of monsoon
onset. Some of them have a co lder air intrusion in northern periphery of the remnant
to increase unstable stratification.

Statistical study shows that LTC rainfall reinvigoration often appear in a weak

depression re mnant even in their slow dow n or stagnantstag e and ithapp en

frequently in the time of third day after it made landfall,

3. Remote rainfall with tropical cyclones

Tropical cyclone could produce a distant rainfall out of its periphery in addition
to rainf all region covered by TC circulation. When tropical cyclone encounter a
mid-latitude westerly trough and interact ~ withi t, lar ge a rea rainfall couldb e
distributed in front of the w esterly trough away from the TC circulation (Fig.3). The
appearance of this rainfal 1 is closely related to the existence of TC in lower latitud e.
Water vapour is transported by south east low layer jet flow in eastern periphery of the
TC. The moisture flow stretch out to the region in front of the trough. Humid unstable
stratification with cyclonic vorticity are more favorable to increase the rain rate and

expand its distribution.

Fig.3 Schematic diagram of typhoon remote rainfall
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Numerical simulation (Zhu H.Y, et al, 2000 ) showed that the remote rain rate is
sensitive to tropical cyclone intensity and the strength of the westerly trough.

Heavy rain usually occur in north China when a typhoon make landfall in south
east coast of China. This is also related to moisture transport from a typhoon in lower
latitude around the coast.

This remote rainfall phenomenon is not only appear in China but also in Japan.
Study (Y ongging W ang, Y uqing W ang, H. F udeyasu 2009) shows tha t exp anded
distribution rainfall co ver Japan from 2-4 sep 2004  whent hereis at yphoon
Songda(0419) appeare d in far away oce an from Jap an (1 300Km south away from
southern coast of Jap an). Their sensitive numerical simulation indicate that t yphoon
Songda(0419) play an important role for this remote rainfall over Japan far away from
Songda. On the other hand, the topography of Honshu Japan also contribute positive
effect to this remote rainfall.

Another remote rainfall was related to typhoon Meari(0422) which arosed from
the topographic effect. Akihiko(20 06) studied the three rain lumps o ccurring over
the kii p eninsula far away (500Km east) from Ky ushu Japan where M eari made
landfall. His sensitive simulation shows that one of three rain lumps corresponding to
a mountain is disappeared when the topography is removed in the model while other
two still rem ain. Obviously, the resul t of the nu merical simulation implies that the
mountain topography could con tribute to the remote rainfall of tropica | cyclone as

well.

4. Summary

Tropical cyclone heavy rainfall is a integrated result from the interaction among
TC and en vironmental forcing, in ner mesoscale structure and un derlying surface
influences.

Sustentation and stagnation of LTCs is an i mportant condition for heavy rainfall
of remnant vortex. Vary heavy rainfall usually occurred in a period of LTC moving
slow down, stagnant or looping.

Rainfall re invigoration is a small probabilistic event which is hard to forecas t.
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Two kind of energies will help remnant of LTC revival to reinvigorate the rainfall of
remnant. Those are the potential energy and latent heat energy. Those different kind of
energy could be acquired when TC interact with westerly trough or monsoon surge
respectively.

Remote h eavy rainfall of TC is also an unus ual pheno menon. W ater vapour
transport fo rm a ty phoon pla y am ajorrole. Plenty of water v apour could be
transported b y the TC right sid e stream f low. Both of westerly trou gh and lan d

topography have a positive effect to produce a remote rainfall of a TC.
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Influence of Typhoon Songda (2004) in Producing Distantly-
Located Heavy Rainfall in Japan

Yuging WANG'?, Yongqing WANG?, and Hironori FUDEYASU'

'International Pacific Research Center and Department of Meteorology, University of Hawaii at
Manoa, Honolulu, Hawaii, USA

*Pacific Typhoon Research Center, KLME, Nanjing University of Information Science and
Technology, Nanjing, China

When Typhoon Songda (2004) was located southeast of Okinawa over the western North Pacific
during 2—4 September 2004, a heavy rainfall event occurred over southern central Japan and its
adjacent seas, more than 1200 km from the typhoon center. The Advanced Research version of
the Weather Research and Forecast (WRF-ARW) model was used to investigate the possible
remote effects of Typhoon Songda on this heavy precipitation event in Japan. The National
Centers for Environmental Prediction (NCEP) global final (FNL) analysis was used to provide
both the initial and lateral boundary conditions for the WRF model. The model was initialized at
1800 UTC 2 September and integrated until 1800 UTC 6 September 2004, during which Songda
was a supertyphoon. Two primary numerical experiments were performed. In the control
experiment, a bogus vortex was inserted into the FNL analysis to enhance the initial storm
intensity such that the model typhoon had an intensity that was similar to that observed at the
initial time. In the no-typhoon experiment, the vortex associated with Typhoon Songda in the
FNL analysis was removed by a smoothing algorithm such that the typhoon signal did not appear
at the initial time. As verified against various observations, the control experiment captured
reasonably well the evolution of the storm and the spatial distribution and evolution of the
precipitation, whereas the remote precipitation in Japan was largely suppressed in the no-
typhoon experiment, indicting the significant far-reaching effects of Typhoon Songda. Songda
enhanced the remote precipitation in Japan mainly through northward moisture transport into the
preconditioned precipitation region by its outer circulation. The orographic forcing of the central
mountains in Japan played a small role compared with Typhoon Songda in this extreme
precipitation event.
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On the Study of Rainfall Rate and Distribution Associated with the
Typhoon Winnie (9711) during Its ET Process

LIYing' LEI Xiaotu> CHEN Lianshou'
1 Chinese Academy of Meteorological Sciences/LaSW, Beijing, 100081
2 Shanghai Typhoon Institute, Shanghai, 200030

1. Introduction

Typhoon may frequently encounter the cold air associated with a westerly trough.
Typhoon extratropical transition (ET) could occur in this period. The structure of the typhoon
remnant will appear a prominent change in the ET process ( Harr et al ,2000; Klein etal,
2000). The baroclinic potential energy from the ET process could be converted into kinetic
energy, reviving the remnant and increasing its rainfall(Chen et al, 2002). Numerical
experiments by Niu et al. (2005) showed that the cold air which invaded into the periphery of
the typhoon increased the rainfall amount there. However, when cold air penetrated into the
vicinity of the typhoon center, it decreased the typhoon intensity dramatically and resulted in
a remarkable decrease of rainfall. ET process of tropical cyclones will lead to variation of its
rain rate and distribution, it has long been a challenge to forecasters.

Typhoon Winnie made landfall in Zhejiang province of China on 18 Aug. 1997. It
moved northward and caused heavy rainfall in the next 3 days in its ET process. Zhu et al
(2002) displayed the change of Winnie's cloud system successfully based on MMS5. Study
from Li et al. (2006) shows that Winnie coupled with a mid-latitude upper trough during its
ET. The slantwise vorticity development caused by the increase of moist baroclinicity is a
main factor responsible for Winnie re-intensification.

In this study, the change of rainfall rate and distribution related to the typhoon Winnie
during its ET process was explored based CMA T106 data, TBB data issued by JMA and
PSU/NCAR numerical model MMS5 outputs.

2. Overview of Typhoon Winnie

Typhoon Winnie made landfall at 1300 UTC 18 August 1997 in Wenling City of
Zhejiang, with a minimum sea level pressure of 960 hPa. Then it decayed and moved
northwardly, and split into two centers of 994 hPa at 0000 UTC 20 August in Shandong.
Then the vice center moved northeastwardly while the main center dissipated, and stagnated
in the northeastern China at 0000 22 August. It eventually re-intensified as a extratropical
cyclone with a minimum sea level pressure of 985 hPa. The change feature of typhoon
precipitation in its re-intensification stage from 0000 UTC 20 August to 1200 22 August is
investigated in this study.

Fig.1 displays TBB distribution and 850-hPa wind vectors with 6 hour interval from
0000 UTC 18 August to 1800 UTC 22 August 1997. Before landfall, the main cloud system
of typhoon Winnie is symmetric in circular form, and there is a westerly trough cloud system
developing in the region of 40°N(Fig.1a,b). Then the trough and Winnie approached each
other, both cloud systems blent together, resulting the development of convection in the
northern part of typhoon circulation(Fig.1 c,d). The blent cloud system continually
developed into a strong cloud band stretching in west-east direction (Fig.1 e-i). When the
vice center of Winnie moved to the northeast, the cloud band curved to the south with the
severe cloud area occurring in the northeastern part of typhoon circulation. A strong curving
cloud band had been formed at 1200 UTC 21 Aug. 1997 as Winnie reached its strongest
stage (Fig.1 o). After that, the curvature of the cloud band increased, making for ring from,
and evolved into a mature extratropical cyclone at 0600 UTC 22 Aug (Fig.1 p-r). The cloud
system weakened afterwards (Fig.1 s,f). In this process, strong cloud band moved to the
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southeastern part of typhoon circulation.

A
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Fig.1 TBB distribution( shaded ,°C ) and 800-hPa wind vectors with 6 hour interval from 0000 UTC 18
August to 1800 UTC 22 August 1997.

TBB distribution shows that Winnie's cloud system changes remarkably with
asymmetric structure during its ET process. The strong cloud band occurs in the north,
northeast and southeast in turn, going round typhoon center clockwise.

3. Numerical simulation

The PSU/NCAR non-hydrostatic model MM5v3 is used. It is configured in dual-way
feedback and two-domain nesting, with grid lengths of 45 km and 15 km, respectively. The
resolutions of orography inserted are 30 and 10 minutes, respectively. The center point of the

two model domains is set at 41°N , 123°E, and 23 o levels in vertical. The Kain-Fritsch

convective parameterization scheme is applied for both model domains. CMA T106 data,
with 1.125° horizontal resolution is applied to form original fields and and lateral boundary
conditions in the model. It is integrated for 60 h from 0000 UTC 20 Aug. to 1200 22 Aug.
1997.
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Fig.2 A comparison of the minimum sea level pressure(hPa) of the control simulation (solid curve) from
the observation (broken curve) (a) and accumulative rainfall (mm,only > 20 mm) from 1200 UTC Aug. 20
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to 1200 UTC Aug. 22 1997(b. c). (b)simulation ; (c)observation

Fig.2a compares the minimum central pressure of Typhoon Winnie between model
outputs (solid curve) and CMA best analysis (broken curve). The simulation is weaker than
the best analysis, with 2-4 hPa differences, however, their trends is similar. The model has
exhibited the re-intensification of typhoon Winnie in its ET process. Fig.2b shows the
comparison of accumulative rainfall from 1200 UTC Aug. 20 to 1200 UTC Aug. 22 1997. It
also conforms well to the observed. In general, the model can reproduces well the change of
typhoon intensity and the rainfall rate and distribution. In the following text, we will use the
model outputs to analyze the change of rainfall associated with typhoon Winnie.

4. Results
4.1 Environmental wind vertical shear

Studies(Frank et al, 1999; Chen et al, 2006) show that typhoon rainfall distribution is
related to the vertical shear of horizontal winds in the surrounding environment . Fig3 shows
that the environmental vertical shear becomes very strong under the interaction between the
typhoon remnant and high level southwesterly jet(figure omitted), and its direction turns in
clockwise style from 216° to 279°. It is found that the rainfall mainly occurs on the left side
of downstream of the shear. The rainfall center occurs in the north, northeast and southeast in
turn(Fig.4), that is corresponding to the change of vertical shear direction .

7 T

1 T

1 - -
270 F\//%//
180
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20846 21AUG 22AUG

Q9

Fig.3 The vertical-time variation of wind vertical shear averaged on typhoon area ( 10°x10° latitude and
longitude area) and upper panel shows the magnitude in unit of m/s and bottom panel the direction in
degree.

4.2 Structure change
4.2.1 Slantwise vortex

The wind vectors, potential height and equivalent potential temperature distributions at
850 hPa, 700 hPa, 500 hPa and 300 hPa during 1200 UTC 20 Aug. To 1200 UTC 22 Aug.
1997 is examined (Figures omitted). It is found that the vertical structure of typhoon vortex
is slantwise against height, inclined to the north at its transformation stage, then tend to
perpendicularity in its reintensifying stage, and inclined to the southeast afterward. Thus the
ascending motion of warm airflow also is slantwise, that is favorable for heavy rainfall
occurring in the slanting direction of typhoon vortex.
4.2.2 Thermal advection

Shuanzhu et al.(2009) demonstrates that the diagnosis of thermal advection and
associated ascent and descent behaviour are valid for extreme rainfall associated with
typhoon Bilis (2006). Fig.4 shows 700hPa wind vectors(arrows), 850 to 500hPa thickness
( contours, gpm) and 6 h accumulated rainfall(shading, only > 5 mm). It is found that the
warm advection (solid long arrow) is favorable for rainfall, however the cold advection
(broken long arrow) is unfavorable for rainfall, it decreases or dissipates rainfall. The cold
advection interacts with warm advections in typhoon circulation during its ET process. Thus
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the thermal structure is asymmetric, resulting in the change of rainfall distribution.

120€ 1256 130E 135E
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Fig.4 700 hPa wind vectors(arrows), 850 to 500hPa thickness ( contours,gpm) and 6 h accumulated
rainfall(shading,only > 5 mm) (a) 0600 UTC 21 Aug. (b)1200 UTC 21 Aug. (c)1800 UTC 21 Aug. (d)
0600 UTC 22 Aug.

4.2.3 Convective Vorticity Vector

Convective Vorticity Vectors (¢ - ®2*V 9 ) was put forward by Gao et al (2004a) to
P
diagnosed the deep convection. Their study shows that the vertical component of convective

vorticity vector has a good relationship with rainfall. It can be expressed as:
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800 hPa (a,b, arrow indicates position for vertical section) , vertical sections of # C . and simulated radar
reflectivity (shading, only >10 dBz). (a)(c) 1800 UTC 21 Aug. (b)(d) 0600 UTC 22 Aug.

Fig.5 displays distributions of pC, and 6 h accumulated rainfall on 800 hPa and

vertical sections of #C: and simulated radar reflectivity. It is found that the high value area

of PC: on lower layer is a good index to strong convection and heavy rainfall region in
typhoon circulation.

5. Conclusion

The mechanism of rainfall change associated typhoon Winnie has been discussed based
on satellite data and MMS5 outputs in its ET process.

The results indicate that the rainfall distribution displays remarkable asymmetry. The
heavy rainfall mainly occurs in the north at first, then the northeast and southeast part of
typhoon circulation, going around typhoon center clockwise during ET process.

It is found that the environmental vertical shear becomes stronger under the interaction
between the remnant and upper westerly trough during ET process, and results in the rainfall
concentrated in the left side of downstream of the shear. Meanwhile, the vertical structure of
typhoon vortex is slantwise against height, and the heavy rainfall occurs in the slanting
direction. On the other hand, the rainfall variation also is related to the thermal advection
activity in the remnant of typhoon circulation. The heavy rainfall is associated with warm air
advection at 700hPa. Moreover, the vertical component of convective vorticity vector can
reflect the impacts of wind vertical shear and front in ET typhoon circulation. Its high value
area has a good relationship with heavy rainfall on lower layer .

Acknowledgments. This work was financed by the National Grand Fundamental Research 973 Program
of China (Grant nos. 2009CB421504 ), and the National Natural Science Foundation of China (Grant nos.
40730948, 40975032).

References

Chen Lianshou, Xu Xiangde, Luo Zhexian and Wang Jizhi. Introduction to Tropical Cyclone Dynamics ,

Beijing : Meteorological Press. 2002.317pp

CHEN S Y S, KNAFF J A and MARKS F D Jr. Effect of vertical wind shear and storm motion on tropical
cyclone rainfall asymmetries deduced from TRMM. Mon Wea Rev, 2006, 134:3190-3208.

FRANK W M and RITCHIE E A. Effects of environmental flow upon tropical cyclone structure. Mon
Wea Reyv, 1999, 127:2044-2061

Gao S, Wang X and Zhou Y. 2004a: Generation of generalized moist potential vorticity in a frictionless
and moist adiabatic flow. Geophys. Res. Lett., 31, L12113,1-4

Harr P A, Elsberry E L. Extratropical transition of tropical cyclones over the western North Pacific. Part I:
Evolution of structural characteristics during the transition process. Mon. Wea. Rev., 2000, 128:
2613-2633

Klein P M, Harr P A, Elsberry R L. Extratropical transition of western North Pacific tropical cyclones: An
overview and conceptual model of the transformation stage. Wea. Forecasting, 2000, 15: 373-395

Li Ying, Chen Lianshou, Lei Xiaotu. Numerical study of impacts of upper-level westerly trough on the
extratropical transition process of Typhoon Winnie (1997). Acta Meteorologica Sinica,
2006,64(5):552-563

Niu Xuexin, Du Huiliang, Liu Jianyong. 2005. The numerical simulation of rainfall and precipitation
mechanism associated with typhoon Sinlaku (0216) . Acta Meteor Sinica, 63(1):57-63

SHUANZHU GAO, ZHIYONG MENG, FUQING ZHANG and LANCE F. BOSART. Observational
Analysis of Heavy Rainfall Mechanisms Associated with Severe Tropical Storm Bilis (2006) after Its
Landfall. Mon Wea Rev, 2009, 137: 1881-1897.

Zhu Peijun, Chen Min, Tao Zuyu, et al. Numerical simulation of typhoon Winnie(1997) after landfall. Part

II: Structure evolution analysis. Acta Meteorologica Sinica (in Chinese), 2002, 60(5) : 560-567

-36-



The estimation of TC quantitative precipitation forecast

affecting Shanghai in 2009

Tong Xu, Jia Li, Xiaofeng Wang, Hui Yu, Baode Chen, Yuhua Yang
Shanghai Typhoon Institute of China Meteorological Administration
xut@mail.typhoon.gov.cn

1 Introduction

The estimation of TC quantitative precipitation forecast affecting Shanghai
in 2009 was introduced in this paper. Besides the traditional verification
measures [e.g., Mean Absolute Error(MSE), Mean Error(ME),etc], the Method
for object-based Diagnostic Evaluation (MODE) was applied to estimate the
precipitation forecast of Shanghai regional mesoscale model(STI-WARMS)
which was based on WRF.

2 Dataand Methods
The observation precipitation data in this paper is MICAPS format and the
traditional verification measures and spatial verification method (MODE) were
applied In this paper. The TC case which we choose is typhoon MORAKOT.
The Mean Error (ME) is defined as

ME :lZ(fi _Oi)
NS
The Absolute Error (MAE)
MAE =%Z|fi =
i=1

The methods used by the MODE tool to identify and match forecast and
observed objects are briefly described in this section.
Mode is based on a multi-step automated process, which includes the
following stages:
(a) Object identification;
(b) Measurement of object attributes;
(c) Merging of objects from the forecast and observed fields;
(d) Matching of objects from the observed object attributes;
(e) Comparison of forecast and observed object attributes;
() Summarization and comparison across many cases.
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Figure1. Summary of steps involved in application of the Mode approach

3 Result of traditional verification methods

0-6h B-1Zh 12-15h 15-Z4h

Figure2. Precipitation forecast error of STFWARMS in Shanghai region during the
affection of MORAKOT

Figure2 indicates the precipitation forecast error by 6 hour in Shanghai
region during the affection of MORAKOT. The ME between forecast and
observation is 2.6mm, 7.3mm, 4.9mm and1.0mm in 0-6h, 6-12h, 12-18h and
18-24h. It indicates that the forecast precipitation is mostly stronger than
observed ones, especially in 6-12h. The MAE between forecast and
observation is 1mm, 8.3mm, 5.2mm and 1.5mm. It also confirm that the
forecast error in 6-12h is bigger than other intervals.

4 Result of MODE

The example presented in this section is based on STIFWARMS output
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from 0000 UTC on 8 August 2009 to 0012UTC on 10 August 2009 during the
affection of MORAKOT and in particular precipitation fields from the Advanced
Research WRF(ARW) run at a 9-km horizontal resolution.

Figure 3 shows the WRF and MICAPS precipitation for a case valid at
0012UTC on 9 August 2009. The values shown are 24-h precipitation
accumulations; the WRF output is based on a 24-h forecast initialized at
0012UTC. Figure 4 shows the precipitation objects created using a convolution
radius of 15 grid squares and a threshold of 10mm. Color coding indicates
which objects were merged and matched. Dark blue objects were unmatched.
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Figure3. (a)STIFWARMS (b) MICAPS precipitation values for 0012UTC 9 August 2009
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Figure4. Single and composite objects identified for the case shown in Fig.3 for (a)
STFWARMS and (b) MICAPS observation. Colors identify objects that are matched
and merged. Dark blue objects are not matched.
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In this case, a total of two composite objects were matched between the
Forecast and observed fields. Some attributes of the composite objects shown
in Figure4 are listed in Table 1. These attributes include area, distance and
intensity measures. As shown in table 1, the first composite forecast object
was somewhat larger than observed ones, but the second composite forecast
is smaller than observed ones. The STI-WARMS tended to overforecast
precipitation intensity, for both the median and the 0.90th intensity.

Attributes or comparison | Composite objects number
of objects 1 2
STI-WARMS area 5762 684
MICAPS area 5165 951
Arearatio 1.12 0.72
Centroid distance 40 15
Median intensity ratio 1.22 0.97
0.90th intensity ratio 1.19 213

Table1.Example attributes and attributes comparisons for 9 August 2009 case
shown in Fiugre3 and Figure4.

Table2 showed the averaged attribute comparison for multiple forecast
times of STI-WARMS during the affection of MORAKOT. Results indicated that
the averaged area ratio between composite forecast objects and observed
ones is 1.23, the averaged centroid distance is 66.3, averaged median
intensity ratio and 0.90th intensity ratio is 1.38 and 1.39.

Area ratio 1. 23
Centroid distance 66. 3
Median intensity ratio 1. 38
0.90th intensity ratio 1. 39
Table2. Averaged attribute comparison for multiple forecast times during the affection
of MORAKOT.

5 Summary and Conclusions
From the comparison of forecast and observed object attributes, the
results showed that:

(1) The area ratio between forecast and observed objects is 1.27:1 in 6h
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and 1.23:1 in 24h, indicates that the forecast precipitation area is somewhat
large than observed ones.

(2) The angle difference between forecast and observed objects is 6.48
degree in6hand 7.21 degree in 24h.

(3) The median intensity ratio and 0.90th intensity ratio between forecast
and observed objects is 0.945 and 1.22 in 6h and 1.38 and 1.39 in 24h,
indicates that the forecast precipitation intensity is mostly stronger than
observed precipitation intensity, especially in the center of precipitation area.

(4) The traditional verification between forecast and observed grid points
Indicates that the model forecast precipitation intensity is stronger than
observed precipitation intensity, the Mean Error between forecast and
observed precipitation in Shanghai is 2.6mm, 7.3mm, 4.9mm and 1.0mm by 6
hour during 24 forecast lead time.
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Extended Abstract
1. Introduction

Observational evidence (Chen and Ding, 1979; Tao et al., 1980; Chen, 2007) has shown
that tropical cyclones (TC) often bring about torrential rains when they make landfall. When
a TC weakens into a remnant, rainfall would be decreased correspondingly. However, in
some cases, the remnant will be reviviscent and produce even heavier rainfall than it in
landfall time. Such a phenomenon is known as Rainfall Reinforcement associated with
Landfalling Tropical Cyclones (RRLTC; Fan et al., 1996). Because of the occurrence of
RRLTC often under complex atmospheric environments, the prediction of RRLTC has
always been a challenge to forecasters. As a result, it may induce tremendous disasters.
Statistical research reveals that rainfall centers have a close relation with topography as
mainly locating in coastal lines vicinity, the eastern and southern slopes of the Mountains
(Dong et al., 2010). Typhoon Talim (2005) is a good case to investigate topographic effect on
the rainfall reinforcement, which induced the strongest rainfall reinforcement so far in China
and the rainfall center just situates in the east slope of Da-bie Mountains. In this paper, we
will present results from simulation to understand the terrain impact.

2. Model description and experiment design

This study makes use of Weather Research and Forecasting Model (WRFV2.2). One
control experiment and three sensitivity experiments are designed as the following: control
experiment (CON), without the Da-bie Mountains experiment (T0.0), reducing the Da-bie
Mountains elevation to 50% experiment (T0.5) and increasing the Da-bie Mountains
elevation to 150% experiment (T1.5).

3. Control experiment results
1) Track and intensity
The comparison of the simulation track with the China Meteorological Administration

(CMA) best-track analyses from 1200 UTC 1 September to 1200 UTC 3 September shows
that the simulation can forecast Talim northwestward motion inland as well as the stagnation
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in the latter 24-h, on average, the 48-h error is 58km. For the intensity simulation, the
simulated minimum sea-level pressure agrees well with the estimated from CMA, which
revives the slowly weakening trend of Talim over land. Meanly, the absolute error is 2.7 hPa
during the 48-h. That is to say, the model does capture the evolution of Talim’s intensity.
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Fig.1. The observed (a,b) and simulated (c,d) 24-h accumulated rainfall with terrain at 1200 UTC 2 Sep (a,c) and
1200 UTC 3 Sep 2005

2) Precipitation

Figure la and 1b show the observation of the 24-h accumulated precipitation with the
terrain at 1200 UTC 2 September and 1200 UTC 3 September 2005. The corresponding
simulations are displayed in Fig.1c and Fig.1d. Their comparisons indicate that the rainfall
distribution is alike and the rainfall intensity is equivalent. On 1200 UTC 2 Sep, the rainfall
band with north-to-south orientation is simulated as well as the maximum in the Lu
Mountains, but the simulated intensity 277 mm is less than the observation 351 mm. On
1200 UTC 3 Sep, the rainfall region of observation is enlarged obviously and rain-band
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orientation shift to northeast-to-southwest. The heavy rainfall mainly focuses in the Da-bie
Mountains with the maximum at 495 mm. Similarly, the simulated rainfall region is extended
and has a northeast-to-southwest axis, the heavy rainfall also distribute in the Da-bie
Mountains with the highest as 577 mm. In general, the simulated rainfall is stronger than the
observation and its location is slightly shifts to north. As you know, rainfall is the product of
complicated physics processes and thus its simulation is always a big challenge. The control
experiment has basically described the main rainfall feature and such simulation is
encouraging.

Above all, control experiment performed a successful simulation for the process of
rainfall reinforcement associated with Talim (2005). Based on this, we further analyze the
sensitivity experiments results in the next text.
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Fig.2. The 24-h accumulated rainfall from experiment T0.0(a), T0.5(b) and T1.5(c) with terrain at 1200 UTC 3 Sep
2005
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4. Sensitivity experiment results
1)  Precipitation

Rainfall precipitation from sensitivity experiments indicate that during the 24-h
integration the intensity and range of rainfall are enhanced with the increase of terrain, the
maxima in Lu Mountains are respectively 264, 271, 279 and 285 mm for T0.0, T0.5, CON
and T1.5 experiment. From the 24 to 48-h integration (Fig.2a-c), the heavy rainfall mainly
moves to Da-bie Mountains and terrain modulated the rainfall obviously. The higher the
terrain is, the rainfall distribution is more uneven. Comparison of the T0.5, CON and T1.5
displays heavy rainfall can be blocked to the upslope of Da-bie Mountains, where the amount
of rainfall center enhance from 436 to 660 mm with the increase of terrain. It is notable that
terrain has minor impact on the total rain band distribution, the rainfall reinforced
significantly even when Da-bie terrain is removed. In other word, in this case, there has no
relationship between the occurrence of rainfall reinforcement and Da-bie Mountains. The
terrain just strengthens the intensity of rainfall reinforcement and makes the rainfall
distribution uneven. Moreover, Da-bie Mountains always situate in the northeast azimuth of
Talim, warm and wet southeast flow from Talim maintain vapor and energy transfer to
mountainous region, which are favorable for rainfall increase. Specifically, the intensity of
rainfall center with Da-bie Mountains is larger about 15% than that without topography.

2) Topography impact analysis

a) Convergent line and meso-scale vortex
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Fig.3. The difference of stream and divergence with terrain (dashed line) at 900 hPa between CON and T0.0 at (a)
0000 UTC 3 Sep and (b)1200 UTC 3 Sep 2005

To highlight the topography effect, figure 3 shows the difference wind field at 900hPa
(CON minus T0.0). On 1800 UTC 2 Sep, a meso-scale convergent line between northward
flow and southward flow is formed in the Mountains. After 6-h, the convergent move
southward slowly and its convergence is larger than 3X 10 *s” (Fig.3a). Interestingly, a
meso- B vortex develops in the convergent line and intensifies, consequently, a strong
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convergence occurs in the southeastern of Da-bie Mountains (Fig.3b). These results indicate
that the topographic effect trigger the formation of convergent line and meso-scale vortex as
well as the strong convergence, which are favorable factors to convection and rainfall.

b) Vertical motion

To understand how the terrain affects the rainfall, we calculate the vertical profiles of
mean vertical velocity near rainfall center during the rainfall enhancing period from all
experiments (see Fig.4a). Comparison of the average profiles shows that terrain mainly
impacts the vertical velocity below 450hPa level and the peak increases with the terrain. The
peak upward motion with true terrain is about 0.5 m s, while that of without terrain is near
0.3m s}, the former is around 170% of the latter.

Temporal mean profile

200 Wf evolution

0.8

250 ©&—o T0.0

— wf

s oS 07{  —- (b)

G—8 coN w N ——
350 —aT15 / /’/
N N\

400 0.6 / \ // \

450 // Ny \\
—~ 05"~ _
E 500 ~/ \
@ 550 T, 04 \
5 .

\

g 500 =] \
=

650

700

750

800

850

900 ) 0

— | | 157 182 217 007
3 -0z -0.1 01 02 03 04 05 06 25 ISP

vertiacl motion(m/s) 2005

037 062 097 122

Fig.4. (a)Vertical profiles of mean vertical velocity near rainfall center from 1200 UTC 2 Sep to 1200 UTC 3 Sep

2005 and (b) Time series of the terrain-induced vertical velocity (W, » solid line, m s ") near rainfall center and the

vertical velocity (W, dashed line, m s™') at the lowest model level 0 =0. 995 in CON experiment.

It has been shown (Tao et al. 1980; Lin et al. 2001; Smith et al., 2009) that the
terrain-induced upward motion is favorable for enhancing the ascent and thus the rainfall

strengthening.  Here, we calculated the terrain-induced upward motion w, for CON
experiment. As indicated in the Fig.4b, the w, near rainfall center in the Da-bie Mountains

accounts for from 40% to 60% of the vertical motion W at the lowest model level (c=
0.995)in that period, on average, the rate is about 50%. That is to say, the terrain plays
important role in enhancing the vertical motion, which will be helpful to rainfall increase.
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1. Introduction

For more than a decade, the importance of analyzing changes in temperature and
precipitation extremes has been realized and extensive analyses were carried out
[IPCC, 2001]. Recently, an effort was made to design a realistic global distribution of
extreme indices [Alexander et al, 2005]. While changes in tropical cyclone (TC)
activity have drawn more and more attention, a few studies have addressed the
precipitation associated with TCs (IPCC 2002) either in climate models or in
observations. Harr et al.[2001] analyzed TC structural characteristics during
extratropical transition as they related to expansion of torrential precipitation regions.
Shuman et al.[2001] studied torrential precipitation events from TC remnants in the
eastern United States. Laing[2001] carried out satellite estimates of TC precipitation
(TCP) using Tropical Rainfall Measuring Mission(TRMM), Geostationary
Operational Environmental Satellites(GOES), and Special Sensor Microwave Imager
(SSM/I) datasets. Meanwhile, by simply defining TCP as that within a radius of 1000
km from the center of a TC, Hasegawa[2005] studied TC and TC torrential
precipitation over the western North Pacific (WNP) in present and doubled CO,
climates simulated by climate models. Englehart et al.[2001] explored the role of
tropical storms over the eastern North Pacific in the rainfall climatology of western
Mexico by defining TCP as that within a radius of 550 km from the center of a TC .
Using an objective analysis technique, Ren et al.[2002] and Gleason et al.[2000]
analyzed the climate characteristics of TCP in China and the United States,
respectively.

Some studies indicate that there was no statistically significant long-term trend in
both the number and the intensity of TCs in WNP over the past 4-5 decades [IPCC,
2001; Yeung et al., 2005; Chan et al., 1996]. However, two recent studies argued that
TC intensity has increased markedly in recent decades [Emanuel, 2005; Webster et al.,
2005]. In addition, Wu et al. [2005] found that the TC influence on the South China
Sea has considerably decreased and the two prevailing typhoon tracks in the WNP
have shifted westward over the past four decades, leading to increasing typhoon
influence over the subtropical East Asia. However, little is known about the influence
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of the documented intensity and track changes on TCP.

Several discontinuous spiral rainbelts often occur in a TC, which are generally
asymmetric around the TC center (Elsberry et al., 1987). Therefore, simply using the
distance between station location and TC center location, namely a circle around the
TC center, cannot accurately catch TCP. Recently, an advanced technique named the
Objective Synoptic Analysis Technique (OSAT), which is capable of partitioning TCP
in China, has been proposed [Ren et al., 2005].

In the present study, we use the TC track dataset and a station precipitation dataset
to examine the climatological characteristics of TCP, with special focus on its
long-term changes and TC-induced torrential precipitation events in China.

2. Data

The information about the WNP TC positions used in this study is from Shanghai
Typhoon Institute of China Meteorological Administration(CMA). The dataset ranges
from 1949 to 2004 and is believed to be more accurate for those TCs that affected China
because the positions have been carefully validated. The daily precipitation dataset
used in this study includes 677 China stations that represented the spatial distribution
of precipitation in China, in which 659 stations are over the mainland of China and the
Hainan Island from National Meteorological Information Center/CMA and the other
18 stations are in the Taiwan Island. A close inspection of the dataset reveals that time
coverage of the daily precipitation for the 659 stations ranged from OUTC to 24UTC,
and the number of stations increased sharply from about 170 in 1951 to about 570 in
1957. Since the number of stations can affect the results of the estimated TCP, the
period 1957~2004 is selected as the period for analyzing long-term trend in TCP.

3. Analysis Method

The TCP can result from the TC eyewall and spiral rainbands, and from the
interactions between the TC circulation and other weather systems. The spiral
rainbands are generally asymmetric with respect to the TC center. The OSAT imitates
the analysis procedure taken by an operational weather forecaster. There are two steps:
First, based on the spatial structure of the observed station precipitation, all the
precipitation observations can be grouped into different rainbelts. Then, given the
distances between a station and the TC center, between the precipitation center of the
rainbelt which includes the station and the TC center, and the distance function
between the TC center and the distribution of the rainbelt, one can identify whether
the station precipitation is TCP by comparing these distances with the specified TC
maximum size (D;) and mininum size (Dy) [Ren, et al., 2005]. In this study, Dy and D,
vary with TC intensity. The typical values for Dy and D; are 500 km, which is the
maximum distance between a TC center and the associated squall lines, and 1100 km,
which is usually given as the maximum radius for a TC outlet (Brand, 1972, Elsberry,
et al., 1987), respectively.

In this study, a TC is defined as an influencing TC when its rainbelt is over the
mainland of China or any of the two biggest islands of China, Taiwan and Hainan. The
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influencing TCs include landfall TCs and those passing offshore around China.

The rainfall data are interpolated on 0.5°%0.5° latitude-longitude grids to calculate
the rainfall volume for a TC. Inverse-distance interpolation was applied to transform
the TC rainfall data. To limit the possible expansion of the TC rainbelt, the gridding
procedure is limited to the rainbelt region. The area represented by a given grid can be
calculated as,

Agia=(1r/360)xcos(¢), )
where r is the radius of the Earth, ¢ is the latitude of the grid, and Agq is in km?.

The rainfall volume for a given grid can be

Vgrid= Agriax Pgrigx107 2)
where Pgq is the grid precipitation in mm, Vg is in km’®. The TCP volume is the total
of the grid rainfall volume (Vgig) in the TC rainbelt.

4. Results and Discussion

Fig.1 Climatology of station TC precipitation during 1971-2000.
a. Spatial distribution of average annual TC precipitation(unit: mm);
b. Spatial distribution of ratio of average annual TC precipitation to average total
rainfall

Figure la presents the distribution of the annual mean TCP averaged over
1957-2004. TCs mainly influenced central and eastern China, roughly east of 98°E.
Generally, annual TCP above 200 mm is observed in the southeastern coastal regions
including the Taiwan and Hainan Islands. Significant TCP usually occurred in the
mountainous regions, which is not shown in Figure la. The annual TCP exceeds 500
mm in central-eastern Taiwan, central-eastern Hainan and along the eastern coastline
in South China. Some Taiwan stations received 1000~1350mm annual TCP. The TCP
decreased northwestward quickly, with values less than 10mm in northern and
western parts of the TC influenced region, while the annual TCP was 50~200mm in
the lower valley of the Yangtze River, most regions south of the middle and lower
valleys of the Yangtze River.
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Figure 1b shows the distribution of the ratio of annual TCP to total annual rainfall
averaged over the period 1957-2004. In Taiwan, Hainan, the southeastern coastal
regions, and the easternmost Shandong Peninsula, TCP contributes more than 10%
precipitation, with 20~30% in most of Taiwan, the coastline south of 25°N, and 30~40%
in most of Hainan and locations of Taiwan and the coastline. In southernmost Taiwan
and westernmost Hainan, TCP accounts for 40-45% of the total precipitation.
Meanwhile, the ratios decrease northwestward quickly, with values less than 1% in
northern and western parts of the TC influenced region.

Fig.2 Variations of TC precipitation
a. Variations of total annual volume of TC precipitation for China(unit: km®)
b. Variations of accumulated number of times with torrential TCP(250mm/day) of

individual station
c. Spatial distribution of trends of annual typhoon precipitation(unit: mm/yr)
(square boxes indicating statistically significant at 0.05 level by Kendall test)

Figure 2a displays time series of the total annual TCP volume for China. First, a

downward linear trend can be found during 1957~2004, with a rate of -3.0 km’/yr. A
Kendall test indicates that the trend is statistically significant at 0.01 significance level.
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Second, the TCP includes interdecadal variation and prominent year-to-year
fluctuations. In the early 1960s, early 1970s, 1985 and 1994, China received much
above-normal TCP, with maximums of 761.3 km® and 759.2 km® in 1994 and 1985,
respectively. Meanwhile, in the late 1960s, 1983 and 1998, much below-normal TCPs
were observed in China, with minimum of 141.8 km® in 1983.

Figure 2b presents variations of the total annual frequency of the torrential TCP
events (>50mm/day) for individual stations. A significant (at 0.05 level) decreasing
trend can be clearly seen with similar interdecadal variations and year-to-year
fluctuations as shown in Figure 2a for the annual TCP volume. The most frequency of
the torrential TCP events occurred in 1994 and 1985, with least frequency in 1983.
Further examination shows that the total annual frequency of the torrential TCP events
is well correlated with the annual TCP, with a correlation coefficient being 0.94.

The time series of annual TCP at each station were also examined for the
long-term trends. Results displayed in Fig.2c show that decreasing trends exist in
most of the stations, with less than -5 mm/yr in southern Taiwan, central-eastern
Hainan. The decreasing trends reached -10~ -15 mm/yr in southeastern Taiwan. The
increasing trends primarily occurred along two belts extending from southwest to
northeast. One is from the middle valleys of the Yangtze and Yellow Rivers to
northeastern China. Further inspection reveals that, while decreasing trends are
statistically significant at the 0.05 level by a Kendall test, the increasing trends are
very small (between 0.05~0.5mm/yr) and no increase trend is statistically significant
during the period 1957-2004.
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Fig.3 Variations of frequency of influencing TC and
influencing typhoon(MSWS >32.7m/s) for China

Figure 3 shows time series of the frequency of TCs and typhoons that affected
China from 1957 to 2004. The frequencies of the influencing TCs and typhoons also
display significant decreasing trends during the period, with 0.05 and 0.01 significant
levels, respectively. Both of them also show obvious year-to-year fluctuations, with
maximums of 27 and 17 both in 1971.The variations in frequency of influencing TCs
and TCP imply that, during the past 48 years, China experienced decreasing typhoon
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influence.

In order to explain the variations in TCP, the relationships between the TCP and
the influencing TCs and typhoons were calculated. The two correlation coefficients
are 0.62 and 0.47, which are both statistically significant. Therefore, the decrease in
influencing TCs may be the main reason for the decrease in TCP. For year-to-year
fluctuation, TC tracks were inspected for three years of 1971, 1985 and 1994, which
show most significant year-to-year fluctuations. It suggests that the most important
factor for annual variation in TCP in China is the tracks of landfall TCs and the length
of their lifetimes over the land, rather than the number of influencing TCs.

5. Summary

In this study, the TCP of the China 677 weather stations from 1957 to 2004 was
analyzed with a special focus on its long-term changes because some recent studies
have argued that tropical cyclone activity over the WNP has been changed in response
to the ongoing global warming. We examined the TCP spatial distribution, its ratio to
total annual rainfall, and the changes in the TCP volume and the total annual
frequency of the torrential TCP events.

As expected, tropical cyclones significantly contribute to the annual rainfall in
southern, southeastern, and eastern China, primarily Taiwan, Hainan, and most of the
southeastern coastal regions received more than 500mm annual TCP, contributing
about 20~40% of the total annual precipitation. The TCP and its contribution to
annual precipitation generally decrease with the increase of latitude.

Despite interdecadal and interannual variations, a significant downward trend is

found in both the TCP volume and the total annual frequency of the torrential TCP
events over the past 48 years. Both influencing TCs and typhoons also show
significant decreasing trends during the period 1957-2004. These changes strongly
suggest that the TC influence has been decreased over the past 48 years. We also
examined the time series of the TCP ratio to the annual precipitation averaged over
the southern and southeastern China, where TCP contributes significantly to the
annual precipitation. A decreasing trend is also found in the ratio, further indicating
that China has experienced decreasing TCP over the past 48 years.
Although further study is needed for the exact cause of the decreasing trends found in
this study, correlation analysis indicates that the decrease in number of the influencing
TCs may be the main reason for the decreasing trend in the annul TCP. Recently, Wu
et al. (2005) examined the changes in the prevailing tropical cyclone tracks in the
WNP basin and found that more and more tropical cyclones took the two recurving
prevailing tracks over the WNP while decreasing tropical cyclones moved westward
and northwestward. As a result, the influence of tropical cyclones on South China Sea
and southern China decreased over the past 40 years. Their results are consistent with
decreasing TCP in China. Note that the decreasing TCP trend is dominated by the TCP
changes in southern China.
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The Verification of Tropical Cyclone Rainfall Predictions with Global

Models of CMA and JMA

WANG Yu SHEN Xuesun CHEN Dehui
(Numerical Prediction Center, Beijing, 100081)
wangyu@cma.gov.cn
1 Introduction

The occurrence num bers of TC (T ropical Cyclone) in 2009 were significantly
decreased in com parison to the climatology over the South China Sea and the W est
Pacific. However, the more number and the earlier time of TC which landed on China
were observed. And it was showed the hea vy precipitation zones were located along
with the southeast coast line of China with a U shape in 200 9. As the intensity of the
most of landing TC in China m ainland was weaker, it was more dif ficult to forecast
precipitation caused by the landing TC . Meanwhile T yphoon Morakot caused the
unprecedented disastrous flooding within past 50 years in Taiwan Island: at least 491
dead and several hundreds m issing. The dist ributions of rainfa 11 were uneven and
complicated.

The archiving data sets in NMC included the tropical cyclones which occurred in
Western North Pacific and the South China Sea and the 24h accumulated precipitation
(from OOUTC to 0OUTC) from 2510 observation stations in China m ainland in 2009.
These data sets were used for the analysis study in this paper. It observed that the TC
landfall started with a typhoon on June 22, and ended with a tropical depression on
October 23 2009. During the TC season of four months (July, August, September and
October) in 2009, 9 tropical storm s and 2 tropi cal low pressures, causing the heavier
precipitation, were observed. In order to  well understand the behaviors of the NW P
models, a typhoon torrential rain day was defined: when th e tropical weather systems
were dominant and the am ount of above 50mm precipitation accumulated over 24 h
(from OOUTC to 00UTC) was obs erved in m ore than 3 weather statio ns at least. In
total, a number of 32 typhoon torrential rain days was identified during the TC season
of four months. The m ean rainfall distribution for the 32 typhoon to rrential rain days
was calculated in this paper, and was intercompared to those predicted for the same 32
typhoon torrential rain days by CMA ’T639 m odel and JIMA ’s T959 m odel,
respectively. Certainly, the forecasts were st ill verified with the statistical methods to
understand well the performance of the NWP models in comparison to the forecasters.
In order to give m ore details of typhoon rainfall process forecast in the dif ferent
provinces which were more af fected by th e typhoon landfalls, the evolution of rain
process was verified. The resu  Its showed th at th e typh oon rainfall forecasts in
Guangdong province were better than those in Hainan and other provinces.

2 Distributions of observationed precipitation for the specified TC period in 2009
Figure 1 illustrated the m ean observe d rainfall distribution for the 32 typhoon
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torrential rain days in 2009. The distributi on of the typhoon rainfall was mainly along
the southeast coastal of China. The stronger rain zone s covered Leizhou Peninsula of
Guangdong province and the north of Hainan pr ovince. In this year, Hainan province
typhoon rainfall was dom inant in all 32 typhoo n torrential rain days. E xcept for the
southern area, daily rain rate exceeded only 20 mm /d, and the yearly am ounto f
precipitation exceeded 6 00 mm. In additi on, the typhoon rainfall spatial distribution
was in Us hape: less precip itations were observed in th e central p art of Chin a
mainland. The precipitation of the southeas t coastal and the east of southwest of
China is much more than other regions. In the most parts of Hubei, Hunan and Jiangxi
provinces, the rainf all was less relative ly. The distribution shape is due to blowing
northeast wind in 1 10 E and leading to less rainfall when the typhoons landed in the
southeast co astal. W hy were there more rain fall in the sout hwest? It needs furt her
research on it.

Magn Lmnging Typhesn pacpiloion sriss{mon/doy) swsr Cling (2009.5.22- 2000.10.25)
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Fig.1 Mean observed rainfall distribution for the 32 typhoon torrential rain days in 2009

3 Mean predicted rainfall distribution by CMA’s T639 and JMA’s T959

Figure 2 and figure 3 depicted the m ean predicted rainfall distribution by CMA’s
T639 and IMA ’s T959, respectively . The pred icted rain zones were sim ilar to the
observation for all 1.5 to 4.5 days forecasts. ~ The 60 h forecast was better in
agreement with observation for bo th the gen eral distribution and the heaviest rainfall
locations. But the both models under -estimated the intensity of typhoon precipitation
in comparison to the observation, the intensity predictions by T639 m odel was better
than those by T959 model.
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Figure 2 as Fig.1, but predicted by CMA’s T639 model (a,36h, b, 60h, c,84h, d,108h)

The parttern in U-shape of the rainfall spatial distribution of 84 h forecasts was
still easily identified for both T639 and T 959 models, but with over-estimations of
precipitation in East, South and West parts of China mainland. For 108h forecasts, the
rainfall amount decreased in general with a relatively indistinct parttern in U-shape of
the rainfall spatial distributi on. After 132h forecast the rain belts do not display any
clear consistent with observation.
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Figure 3 as Fig.1, but predicted by JMA’s T959 model (a,36h, b, 60h, ¢,84h, d,108h,)

4 Verification of pr ecipitation forecasts by CMA’sT639 and JMA’s T959 models
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over China mainland for the 32 typhoon torrential rain days

The traditional statis tic m ethods TS(Threat Score) and Bias were used for the
verification of precipitation forecast sby CMA ’s T639, JMA ’s T959 and the
forecasters. Figure-a showed that in general, TS by forecasters were higher than those
by both NWP m odels nearly for all thresh olds, except for the threshold of above
10mm/d of 24h forecasts. This m ean that the forecasters could well “ingest” all most
recently available information of predictions and observations to give better forecasts
than the model. However, bias by forecasters was also higher than those by both NWP
models for the higher thresholds of above 10mm/d - 50mm/d for 24h — 108h forecasts.
Beyond of 120h, the bias by T639 was highe st. In other word, T639 m  ostly
over-estimated the precipitation beyond of 120h of forecast length.

Meanwhile, for the cases of Goni and Morakot of which the typhoon tracks were
complicated, the NW P m odels gave better predictions of pr ecipitation than the
forecasters.
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Figure 4 The mean TS and Bias of precipitation  forecasts by CMA’s T639, IMA ’s T959
models and the forecaster s over China mainland for all 32 t yphoon torrential rain da ys in
2009: (a) TS ; (b) Bias. Th e five thresholds of 24h accumulated rainfall were chosen for the
verification: above 0.1mm/d, above 10mm/d, above 25mm/d, above 50mm/d and 100mm/d.

5 The processes (or cases) verification of precipitation forecasts
Because the TC landfall mainly affected Hainan, Guangdong, Guangxi and Fujian



provinces in 2009, the TC rainfall processe s verification were specifically conducted
in this paper for these four provinces. The results showed that the evolution of process
rainfall was not well predicted beyond 3 days ahead. From the daily mean rain rate of
typhoon rainfall processes over H  ainan province where typhoon af fected m ost
frequently in 2009, it showed that the for ecasts of JIMA’s T959 m odel were slightly
more skilful than those of CMA ’s T639 model. But for over 20 mm /d rainfall it
underestimates the am ount of rain. Moreove r the forecast extrem es of most typhoon
rainfall processes exit ahead or behind of observation. Only is over 50mm torrential
rain the time of extrem es forecast accurately for 0917 typhoon — Parma. The typhoon
rain am ount of T639 60h forecastisn  ear to observatio n, part icularly for Goni,
Mujigae and the tropical depression in October over S0mm torrential rain. In additi on
the extreme date of 0917 typhoon is consistent with the observation for t639 forecast,
but the amount is less than real rain.

The typhoon precipitation processes forecast for Guangdong is better than for
Hainan for NW P models. The changing tendenc y of rainfall processes of two models
is insistent with the real rain observation, a nd the intensity is near to the observation,
particularly the for 36h and 60h forecast.

Moreover for the Guangxi tropical cyclone s rain the tendency of processes
changing is insisten t with real rain , m eanwhile the 36h forecas t for Molave and
Koppu is accurate, and the tendency and the intensity is near to the real rain. W hile
the precipitation prediction of Morakot typhoon in Fujian province by T639 is better
than by Japanese model in short term,

6 Summary

The analysis results showed the rain belts of 60h forecasts by both models (T639
and JMA) were sim ilar to the observations. The location of rain belts and m aximum
rainfall center were also well in agreement with the observations. But the rain belts of
3 day forecast were oriented toward s the north of the observed area, an d the m odels
under-estimated the amounts of precipitation in comparison to observation.

The statis tical verification showed th e forecas ters of NMC m ade the better
forecast than the NW P models. TS by forecasters were higher than those by the NWP
models and the bias by forecasters were still higher than those by the NWP models for
the higher thresholds of above 10mm/d - 50mm/d for 24h — 108h forecasts.

The verifications of precipitation f orecasts were conducted specifically process
by process in the Southern and South-eastern coast line of China, such as Guangdong,
Guangxi, Fujian and Hainan provinces where  TC affected m ore frequently than in
other regions of China. The verification results showed th at the p redictions of NW P
models were more skillful in the preci pitation forecasts for Guangdong and Guangxi
provinces than for Hainan province.
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1. Introduction

In the book and mov ie “The Perfect Stor m, “ a special s et of circumstance s
(including a human element) led to a dis  aster because a ship encounter ed extreme
winds and waves. By analogy, the disaster in which at least 500 people in the mountain
village of Shiaolin died when alands lide was triggered by extreme precipitation in
Typhoon Morakot may justify i tto be labeled as“ The Perfect Monsoon-influenced
Typhoon.” Typhoon Morakot w as the deadliest typhoon to impact Taiwan in recorded
history with 619 confirmed deaths, 76 missi ng persons, and roughly NT $16.4 billion
(USD 547 million) agricultural los ses. This typhoon produced 2 855 mm of rain, whic h
greatly surpassed the previous record of 1994 mm set in Typhoon Herb (1996). This
slow moving storm also caused wides pread damage in China with nearly 6000 homes
destroyed and 136,000 homes that were damaged at a cost of USD 1.3 billion.

In the case of Morakot and other extrem e rain events over Taiwan, the monsoon
influence that led to the long duration and in  tense rainfall (Fig. 1) then triggered the
landslide that wiped out the entire village. In these ca ses, the southwest monsoon flo w
provides water vapor flux to a heavy rain ar ea well to the south of the center (Fig. 1).
Large moisture convergence between the mons oon flow and the equatorward moisture
flux on the west side of t he typhoon then leads to an east-we st oriented rainband ov er
the Taiwan Strait to the west of the CMR. However, this rainband only occurs when the
typhoon is in a limited range of positions relative tot he CMR. Furthermore, a long
duration of the heavy rainin  a concentrated region of the CMR will on ly occur if the
typhoon is slowly moving. If the typhoonis moving at typical translation speeds, the
heavy rain at a point will be relatively transient.

In summary, the perfect monsoon-infl uenced typhoon that leads to extreme
precipitation and ass ociated fl ooding and potential lands lides such as in Morakot
requires a special combination of factors: (i) Strong s outhwesterly monsoon winds; (ii)
convergence between the typhoon circulati on and monsoon flow to form an east-west
oriented convective band over the Taiwan St rait that is quasi-stationary and long-
lasting; (iii) typhoon in specific locations relative to the CMR and moving slowly; and (iv )
steep topography that provides rapid lifting of the moist air stre am over a limited
horizontal area such that the heavy precipitation is highly concentrated.
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Fig. 1. b) Wind vectors on 9 Augu st 2009 and water vapor transport averaged over 7-9 August with
arrows indicating the co nvergence between the southwesterly monsoon flow and the outer circulation of
Typhoon Morakot (Hong et. al. 2010).

The first objective of this review is to use presentations at the International
Workshop on Typhoon Morakot (2009) in T aipei, Taiwan dur ing 25-26 March 2009 to
describe extensiv e research with historic al data sets, new radar observations, and
numerical modeling t hat have advanced understanding, and that this res earch is then
leading to modifications of existing, and development of new, forecasting tools to
improve forecast guidance. The second obje ctive is to describe gaps in understanding
and the advanced forecast guidance tools that are considered to be required to improve
warnings of these extreme precipitat ion and flooding events in monsoon-influenc ed
typhoons.

2. Contributions of the monsoon flow

Even if it is uncertain as to whether Morakot originated from a monsoon gyre or a
monsoon depression, the southweste rly monsoon flow and the associat ed
southwesterly water vapor flux played a key role in the extreme precipitation over
southern Taiwan. Chien et. al. (2006) had previously studied the heavy rain over
southern and central Taiwan associated with northward-moving Typhoon Mindulle
(2004) that also featured a conv ergence line between the typhoon circulation and the
southwesterly flow of the monsoon. They examined 56 y of the Joint Typhoon Warning
Center northward-moving tracks near Taiwan and found that 33 of the 59 ¢ ases were
associated with a s outhwesterly monsoon flow. However, the remaining 26 cases did
not have southwesterlies, so a sizeable fracti on of these cases did not interact with the
monsoon flow.
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3. Contributions of the east-west oriented convective band

Chuang and Wei (2010) used the C-band dual-polarization r adar in Makung,
Taiwan and the S-band Doppler weather r adar in Qigu to analyze the kinematic
structure of the convective cells in Typhoon Morakot during 2200 UTC 8 August to 0600
UTC 9 August. A linear rainband oriented east-we st existed in the vicinity of the Taiwan
west coas t with a significant confluen ce between the wester  ly flow and the
southwesterly flow. The dual- Doppler r adar wind analys is documented a jet-like
westerly flow between 2 kmand 5  km with a maxim um exceeding 24 ms ' that was
associated with the east-west rainband. New c ells developed upst ream of the
confluence line and propagated westward inland toward the CMR.

Wang et. al. (2010) utilize d the entire Taiwan we ather radar network of six
Doppler radars and f our dual polarization r adars during five stages of the Morakot
passage: (1) Approach to Taiwan; (2) Slow movement; (3) Landfall; (4) Typhoon cente r
in Taiwan Strait; and (5) Approach to Fujian Province. From the radar analyses of Tang
(2010), strong east-west oriented rainband s repeatedly formed during stage (4) near
southwestern Taiwan along the c onvergence zone between the typhoon circulation and
the southwesterly monsoon flow (Fig. 2). Notice the east-west band designated D3 in
Fig. 2a that extends from over the Taiwan Strait at the edge of the radar coverage to the
region of the southern CMR where the landslide occurred. Individual convective cells in
the bands are shown in the horizontal radar re flectivity depiction at 4 km at 1600 LST 8
August 2009 (Fig. 2b). The curvature of the ra inband suggests it is related to the outer
circulation of Typhoon Mora kot and that deep conv ective cells are beginning at the
western end and grow as they propagate along the band toward the coast. These deep
convective towers persisted for about two hours and moved rapidly toward the island. A
north-south cross-section throug h one of t he conv ective cells (not shown) indicates a
strong updraft on the north side (side toward typhoon center) with a strong downdraft in
the mid-troposphere on t he south side. At this time,t  he strongest low-level relative
inflow to the band was from t he south. The corresponding v ertical cross-section of the
wind speeds indicates the deep convective cell was on the southern boundary of a low-
level jet with speeds of 35-45ms ~'. Clearly, this low-level jet was transporting large
amounts of water vapor toward the west co ast of Taiwan and the southern CMR, and
this was contributing to the extreme precipitation.

Although these rainbands generally propagated southward, the major
devastating rainband oscillated between 22.5°N and 23.5°N, as indicated in the
Hovmoller diagram in Fig. 3. T his oscillatory motion of the rainband appeared to be
related to a reversal in the relative strengt h of the low-level inflow from the south and
then from the north. These radar studies provide conclusive evidence of the convective
cells that build in the convergence lin e between the typhoon circulation and the
southwesterly monsoon winds, and that the eas t-west orientation of this rainband
directed the convective cells toward the CMR.
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Fig. 2. (a) Plan-p osition indicator of the radar reflectivity (dBZ, scale o n right) at 0801 LT 8 August 2009
as the p rincipal rainband designated D3 extended from over the Taiwan Strait to the CMR. (b) Radar
reflectivity at 4 km at 0800 LT 8 August indicating individual convective cells along the rainbands (Wang
et. al. 2010).

4, Contributions due to typhoon location and slow translation

Yeh and Chang (2009) updated a prev ious climatological study of the av erage
rainfall amounts when a typhoon existed within various 1° latitude by 1° longitude boxes
around Taiwan. T his new study utilizing the 400 automated surface obs ervation sites
did not fundamentally change th e distribution in various regi ons of Taiwan. However,
this study re-affirms that large rain accu mulations are to be expected in the southern
CMR region where the disastrous lands lide occurred during Mor akot when the typhoon
is near the northern tip of Taiwan. However, these are average rainfall amounts, and do
not take into account topographic irregularitie s. Furthermore, the climatological study
does not take into account the typhoon translation speed (or direction).

Kuo et. al. (2010) demonstrated that large variability exists in translation speed of
typhoons near Taiwan. They defined the translation speed of a typhoon crossing
Taiwan as the distance between the land  fall and departure points divided by the
crossing time. Many of the largest rainfall events associated with tropical cyclones hav e
occurred when this storm translation spee d was small. Indeed, Typhoon Morakot had
one of the slowest translation speeds while it was in the Taiwan Strait and this is clearly
an important factor in the dur ation of the heavy rainfall amounts both in Taiwan and in
mainland China region.
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Fig. 3. Hovmoller diagram of the radar reflectivity associated with rainband D3 in Fig. 2a as a function of
distance f rom the ra dar durin g 12 -23 LT Aug ust 2009, which indi cates the presence of very dee p
convective towers while the rainband oscillates between 22.5N and 23.5N (Wang et. al. 2010).

5. Gaps in understanding and forecast guidance products

A number of scientific, predictability, and forecast guidance product deficienc ies
became evident at the International Conference on Typhoon Morakot (2009). These
deficiencies will be discussed in the same order as the four ¢ ontributions to monsoon-
influenced typhoon extreme precipitation events described in the previous sections.

a. Monsoon influence

Whereas it is generally accepted that typhoon prediction is a multi-scale problem
with scales ranging from syn  optic scale to the convec tive scales, the monsoon-
influenced typhoon introduces a need for observing and predicting on a still larger scale.
One positive factor is that these typhoons occur at the dow nstream portion of the Asian
summer monsoon, and the As ian observational network provides reasonably accurate
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initial conditions. Howev er, impor tant Asian summer monsoon variability on
intraseasonal time scales is not always well predicted. Such variability includes the 10-
15 day monsoon trough variability that in t urn affects the formation and initial structure
of the pre-typhoon seedlings. The variable t hat is least well obs erved and predicted is
the moisture field, which affects the convecti ve heating distribution that then feeds back
to the circulation changes. The particu lar challenge for the monsoon-influenc  ed
typhoon prediction is to predict the horizontal and vertical structure of the water vapor
flux toward the typhoon. More accurate obs ervations of the moisture distribution and
representation of the moist pr ocesses in the numerical w eather prediction models are
required. However, it is considered that the monsoon-influence contribution is the most
predictable of the factors affecting the monsoon-inf  luenced typhoon ex treme
precipitation events.

b. East-west oriented convective band

The east-west oriented convective band over the Taiwan Strait and its associated
low-level jet have an essential contribution in initiating, gr owing, and pro pagating deep
convective cells with heavy rain toward the CMR. As indicated by Kuo et . al. (2010),
analyses of past events indicat e sucha mesoscale convectiv e band is a common
feature of the ten most damaging monsoon-influenced ty phoon precipitation events in
Taiwan. This convective band forms in a confluence zone betw een the southwesterly
monsoon flow and the outer cir culation of the typhoon. Dependingont he relative
strength of these two circulations, the conf luence zone will occur at severa | different
latitudes over the Taiwan Strait. Thus, the outer wind structure of the typhoon must be
known accurately in addition to the southwesterly monsoon flow structure.

This mes oscale region of confluenc e, deep ¢ onvective ¢ ell growth and
propagation, and the dynamical processes associated with t he low-level jet, are the
most interesting and challeng ing of the multi-scale intera ctions leading to the heavy
precipitation and flooding in a Morakot-type scenario. A key issue is why and how the
mesoscale convective band remains quasi-s tationary so that deep conv ective cells
move on shore and are focused in the sam e region of the CMR, and thus a heavy rain
occurs for a longer period of time than  if the band was moving. The dy namical and
thermodynamical processes leading to such intense (> 40 m s ) lo w-level jets in
association with the convective band are no t understood or well predicted, and yet this
low-level jet is a major contributor to the hor izontal vapor flux across the west coast of
Taiwan and toward the CMR.

Even if the outer wind structure and the southwesterly monsoon flow were known
perfectly, it seems likely that the mesoscale and convective scale processes must have
a significant role in maintaining a quasi-stationary east-west convective band. Thus, the
predictability of such an eventis likely to  be considerably shorter than if it was only
controlled by the typhoon circ  ulation an d the monsoon flow. In addition to a
requirement for high horizontal resolution in  the numerical weat her prediction model,
advances in the repr esentation of mesosca le, conv ective scale, and bou ndary lay er
processes will be r equired to predict the initiation and  evolution of the east-west
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convective band over the Taiwan Strait that then contributes to the extreme precipitation
events on the slopes of the CMR.

C. Typhoon location and slow movement

Although dramatic progress has been m ade during the last decade in tropical
cyclone track forecasting, special aspects of track pre diction exist when a typhoon is
interacting with the CMR. As indicated in section 4, t he modifications of t he typhoon
outer wind structure, as well as changes in the convective heating distribution, may lead
to track deflections from the environmental st eering. If this environmental steering is
relatively weak (e.g., near the subtropica |ridge line, a midlat itude trough passage
imposing an equatorward steering component, etc.), the typhoon-topography interaction
effect will be more significant. In some cases, the low-level circulation is so modified by
the interaction with the orograph vy that it is difficult to det ermine where the center is.
Indeed, a new low-level center may form over the Taiwan Stra it so that the movement
appears discontinuous.

When a typhoon is approachi ng northern Taiwan, the mo vement may be slow
because the steering flow is bei ng affected by the subtropical anticyclone, a midlatitude
trough, the self-propagation associated with the beta gyres, and the typhoon-
topography interaction described above. If a slow movement is anticipated, the forecast
errors may be quite small, but the situation may have low predictability because of these
four influences on the st  eering flow. Depending on whic  h of the four influenc es
becomes the dominant factor, the directio n and speed of the typhoon mo tion may be
quite different. Few conventional observations are available to the east of Taiwan in the
subtropical anticyclone, which may not be  well predicted due to the physic al process
representations in the model. Since lar ge typhoons may also modify the subtropical
anticyclone and thus “break thro ugh the ridge,” the outer wind structure of the typhoon
must be observed and forecas t. While t he midlatitude trough in fluence on tropical
cyclone recurvature is well understood in prin ciple, the amplitude an d translation of the
trough must be predicted as it interacts with the typhoon circulation. When t he typhoon
circulation is also interacting with the CM R orography, the prediction of the location and
movement of the typhoon near northern Taiwan is not a well-defined forecast problem.
Huang et. al. (2010) indicate gr eat sensitivity to the typhoon track predict ion in their
numerical prediction where a relatively small northward deflectionr  educed the
maximum accumulated rainfall by several hundred millimeters.

d. Taiwan topography

Some early numerical model sim ulations of typhoons interacting with the Taiwan
topography utilized highly smoot hed representations of the CM R. The high resolution
radar studies of Morakot have indicatedt  hat the detailed topogr aphical features of
ridges and valleys in the footh ills and cany ons in the CMR affe ct the rain distribution .
For example, Yu and Cheng (2010) documented that the loca |terrain features int he
foothills must be considered to exp lain the pr ecipitation maximum near the valley e xit.
They also emphasized that t he low-level jet associated with the convergence zone can
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lead to flash flooding in the CMR canyons w  hen t he orientation is “optimum.” This
sensitivity to the detaile  d features of the Taiwan topography suggest a limited
predictability of the rainfall at specific sites in the CMR.
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The mechanism analysis of cloud and moisture sources/sinks

in the formation of torrential rainfall
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Moisture and cloud s ources/sinks are the two main aspects that contribute to
torrential rainfalls. While moistu re process is most import ant associated with
precipitation, cloud sources/sinks s hould not be neglected. During rainfall,
there are intense convective activities in the clouds. Convergence in the lower
layer forces the ascending motion, and divergence occurs on top of clouds.
This outward divergent flow can generate downdraf ts all around. The
downdrafts encounter the warm moist air at the bottom of the clouds, unstable
stratification forms, then triggers new conv ections. All the convective cloud s
may join together , resulting in more in  tense rainfall. Thus, more attention
should be paid on cloud process.

In this study, surface rain rate formul ation with cloud sources/sinks is applied.
By use of the dat a based on Jap an re gional spectral model, the cloud
sources/sinks are analyzed in rainfall ev ents during Meiyu period. This term
can modify the surface rain rate calculated based on the moisture sink,

especially when during the light rainfa Il event s. The inc lusion of clo ud
sources/sinks favors quantit ative calculation of the surface rain rate, and this
formulation has considerable potential in the quantit ative precipit ation
estimation.

67-

A3-2


makowski
Typewritten Text
A3-2

makowski
Typewritten Text

makowski
Typewritten Text


A3-3

The Indian summer monsoon: precipitation - soil moisture
feedback/recycling

Shakeel Asharaf!, Andreas Dobler?, and Bodo Ahrens?
Institute of Atmospheric and Environmental Sciences, Goethe-University Frankfurt am Main, Germany?
Asharaf@iau.uni-frankfurt.de

1 Introduction

The importance of land surface processes arises because of the large energy and water exchange
between the continental surface and the overlying atmosphere (Zhang et al., 2004). It involves how
radiation energy (short wave and long wave) arriving at the land surface is partitioned into latent and
sensible heat fluxes, and how water reaching the land surface becomes soil water storage, runoff,
drainage, and how much water is recycled into the atmosphere. The exchange of radiation, sensible
heat, latent heat, and momentum has direct impact on wind vector, precipitation, and surface soil
(Sellers, 1991). All aforesaid components are intimately linked to each other, such that changes in one
may involve compensatory changes throughout the entire climate system. These changes may amplify
the initial disturbance (anomaly) or damp it. Disturbance amplifying interactions are termed a positive
feedback mechanism, and the ones vice-versa are called negative feedback processes.

The present work focuses on the investigation of the soil moisture precipitation (S-P) feedback
and recycling process (contribution of locally evapotranspirated water to precipitation) over the Indian
region, using the state of the art model COSMOCLM. The importance of soil-moisture-climate
relationship and impacts of land-surface processes to overlying atmosphere with details are as follows.
Section 2 presents the model setup, experimental design, and a description of methods and assumptions
are given in Sec. 3. The results and discussion are addressed in Sec. 4 and followed by conclusions
(Sec. 5).

2 Model and experimental design
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Figure 1: Simulation and analysis (N, W, CE, and E) domains
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The simulations were performed with the non-hydrostatic limited-area climate model COSMO-CLM
(Steppeler et al. 2003; Dobler and Ahrens, 2008). As model input, the initial and lateral boundary
conditions were taken from the ERA-Interim reanalysis. In the present study, the horizontal resolution
was set to 0.25° with 32 vertical layers. The simulation domain encompassed the entire Indian region
(Fig. 1). More details about the model are given at the community website (www.clm-community.eu).

In order to assess the influence of soil moisture, we have performed several simulations: a
reference simulation (CTL) for the period 1989-2008 and perturbed simulations. These latter
simulations are initialized each year at 2™ April with CTL, but with perturbed soil moisture. For each
year there are DRY runs with an initialized soil 50% drier and WET runs 50% wetter relative to CTL
(with perturbations limited by plant wilting point and field capacity). This setup is motivated by Schir
et al. (1999) and Pielke Sr. et al. (1999).

3 Theory

Here the S-P feedback/recycling analysis were based by Schir et al (1999), in which they formulated
two bulk characteristics: the recycling ratio 8 and the precipitation efficiency y . The recycling model

makes four basic assumptions: (1) atmospheric flow across the region is approximately unidirectional;
(2) water vapor transported across the boundary or evapotranspirated within the region is well mixed;
(3) vertical fluxes precipitation P and evapotranspiration E7 have minimal spatial variability; and (4) at
long time scales within the investigation period, the changes in atmospheric moisture storage over the
region are neglectable.

With the flux integral approach, we can calculate the incoming (IN) and outgoing (OUT) flux
across any arbitrary boundary line. Also, the three-dimensional problem can be reduced to a two-
dimensional problem through vertical integration of the vapor flux. The recycling ratio is given by f§ =
ET/(ET+IN) and the precipitation efficiency can be defined as y = P/(ET+IN).

The precipitation changes in the sensitivity experiment (WET and DRY) are estimated by the
following equation (see Schir et al 1999):

AP = y'(AET + AIN)+ Ay (ET + IN) (1)

Where y' is the efficiency in the perturbed simulation and the 4-terms indicate differences between

the perturbed and the control simulations. The first term on the right hand side of the eq. (1) reflects the
precipitation change through direct (recycling) processes and the second term depicts the indirect
(feedback) contribution. The results for the different analysis domains (Fig. 1) were made comparable
by normalization following Zangyvil et al. (2010).

4 Results

Figure 2 depicts inter-annual variation of the recycling ratio f and precipitation efficiency y of CTL

and the soil moisture sensitivity simulations for the analysis domain E and W. The precipitation
recycling ratios are generally in the range of 0.1 to 0.25 with larger values for the northern region (N,
the Himalayan region with high precipitation values, but relatively small influx). The recycling strength
increases with larger evapotranspiration and precipitation, and smaller moisture influx.

The bulk characteristics y is of moderate sensitivity to soil moisture initialization (Fig. 2) in
most of the years with small positive feedback (except for in region W, see Tab. 1). However, some
years (1992 in E, 1993 in W, 1995 in N) experience a negative feedback to soil moisture initialization
perturbation. This result is opposite to the results in Schir et al. (1999), where y always increased
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Figure 2: Recycling ratio and precipitation efficiency in the analysis domains W
and E

with increase in initial soil moisture.

The sensitivity of monsoonal precipitation to changes in initial soil moisture is well drawn in
Fig. 3. Often wet soils enhance precipitation. This follows the positive feedback concept. But, negative
feedback is also present in all domains. In this case drier soil moisture condition lead to higher sensible
heat flux and deepening of the boundary layer height, which may yield rainfall (Collini et al., 2008),
whereas moist conditions stabilize the atmosphere, inhibiting vertical movement of air parcels and as a
result decreases rainfall (Cook et al., 2006).

The inter-annual variability of the bulk characteristics recycling ratio and precipitation
efficiency (Fig. 2, Tab. 1) are very difficult to interpret in their nature. Is the leading impact through
recycling or feedback? Is the impact on precipitation locally driven (direct: through evapotranspiration
over the same region) or remotely (indirect: through advection of water vapor) yet locally modified,
driven from the outside advected atmospheric transport of water vapor (indirect). For this region, Fig. 3
shows the contribution to precipitation change through the direct and indirect terms in eq. (1). The
indirect processes dominate most of the years in the western domain W, but the direct recycling
processes dominate in the eastern domain E.

A small change in precipitation efficiency can have significant influence. For example, in the
year 1998 for the WET case in the analysis domain E the efficiency changes by 0.06 yielding to
enhance precipitation by more than 30 mm/month through indirect/feedback processes. Moreover,
negative values for the indirect and direct terms reflect change in precipitation contrary to the change in
initial soil moisture. In the DRY case the negative feedback even dominates in the western domain W.

S Conclusions
In this paper, precipitation recycling and feedback process were investigated through perturbation

simulations with the COSMO-CLM over India. The results suggest that soil moisture has significant
impact on the precipitation formation. Furthermore, the moisture budget has been examined for
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different sub-regions to interpret the leading factor as precipitation originating from local
evapotranspiration (direct process) or advected from external sources (indirect). As a first result, the
Indian summer monsoon contains both processes, where the dominant one varies spatially and
temporally as well. In general, recycling ratio increases with increasing soil moistures. For example, in
the eastern analysis domain, the main reason for increasing recycling ratio with soil moisture is
evaporation. But, in the northern and western parts of the Indian region, the high recycling rates are
likely due to a combination of low moisture influx and moderately high evaporation rate. Additionally,
low moisture influx with increasing soil moisture is related to a negative feedback processes in these

regions.
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Figure 3: Changes in monsoonal rainfall for WET-CTL (left) and DRY-CTL
(right) in the analysis domains E and W
Region X s IN (mm/month) PwercTL Ppry.crL
(mm/month) (mm/month)
WET CTL DRY WET CTL DRY WET CTL DRY | Direct | Indirect | Direct @ Indirect
E 048 (048 048 0.13 |0.12 0.12 465.7 4572 4484 |7.05 2.14 |-58 0.58
W 02 0.16 |0.15 0.13 |0.09 0.08 200 2135 220.7 |-0.67 723 |095 -34
N 051 048 048 029 022 02 148.7 160.8 /161.5 1.09 6.7 -1.42  1.86
CE 029 028 028 0.1 0.09 10.09 490.2 [490.2 485 1.19 414 -1.85 |-0.7

Table 1: Mean values of recycling ratio and precipitation efficiency, moisture influx,
and changes in precipitation
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An Idealized Numerical Study on the Effects of Meiyu Front upon

the Initiation and Development of MCSs Producing Rainstorms

ZHAO Yuchun
Institute of Heavy Rain, Wuhan, CMA
zhaoych@cma.gov.cn
Aimed at the fact th at the me soscale convective systems (MCSs) usually
develop on the Meiyu front, lasting a long time and producing rainstorms along
the valleys of Yangtze river, a series of three-dimensional idealized numerical
experiments are carried out to investigat e the ef fect of moisture dif ference
between the two sides of Me iyu front, the impacts of basic flow, wind vertic al
shear upon the MCSs’ development along the Meiyu front, and the convection
organization by the Meiyu front.
The mass imbalanc e resultin g from  the Meiyu front can generate
small-amplitude gravity waves, which may organize upward motionsint he
low-level and trigger convection when coupled with diabatic heating, leading to
a convective rain-band forming along the Meiyu front. The scale of the
convective systems i s usually 20~60km. The convection rain band moves
southward after its formation.
The Meiyu front plays a role in the convection organization. The convective
perturbations near the Meiyu front may  develop into MCSs with a scale of
100~200km. When convective perturbati on ef fected by low-level northerly
winds organized by Meiyu front, a convergence band forms in its low level and
its flow structure tilts in ~ the vertical direc tion, which is beneficial to the
maintenance and development of MCSs.
The basic flow’ s advection impacts t he Meiyu front’ s movement, which can
offset the southward movement of Me iyu frontal convection rain-band. The
moisture and energy transportati on by it is very important in the initiation and
development of MCSs. The wind vertical shear resulting from wind direction
variations is beneficial to convection initiation and MCSs’ organization alo ng
the Meiyu front and impacts the moving direction of convective systems, while
that from wind velocity variations seems to be not favorable for the convection
initiation on the Meiyu front and the long-time maintenance of MCSs.

-73-

A3-4


makowski
Typewritten Text
A3-4


Regional climate projections of trends and variability in the
Indian summer monsoon

Andreas DOBLER, Bodo AHRENS
Biodiversity and Climate Research Centre & IAU, Goethe-University Frankfurt am Main,
Germany dobler@jiau.uni-frankfurt.de

The Indian summer monsoon (ISM) influences daily lives and economies in many countries in
the South Asian region, and a wide range of indices have been defined to measure and predict the
strength of the ISM. The most obvious impact is on rainfall in the monsoon season (June to
September), which accounts for about 75% of the annual precipitation in India. Thus, the all-
India monsoon rainfall (AIMR) index has been defined as the total rainfall amount from June to
September averaged over whole India. Although the observed interannual standard deviation in
the AIMR is only about 10% of the long-term mean, the extremes lead to floods and droughts.
Other indices for the ISM are based on the vertical shear over certain pressure levels of zonal or
meridional winds or on the use of outgoing longwave radiation as a measure of convection. Also,
there is a well documented relationship between the nino3.4 index and the ISM. However, the
question which index best estimates the ISM strength remains controversial. This study gives an
overview on projections of different ISM indices by the regional climate model COSMO-CLM
and its driving GCM ECHAMS for the time period 1960-2100. To generate a small ensemble of
possible future developments, the scenarios A1B, B1, A2, and the commitment scenario have
been used. Trends and temporal variabilities of the indices are investigated as well as the
pairwise correlations between the indices over different time spans.
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The Effect of ENSO on the Summer Monsoon Rainfall in Macao

Soi Kun FONG, Sau Wa CHANG, and | Hang LIU
The Macao Meteorological and Geophysical Bureau

Abstract

The characteristic of rainfall in Macao has a two dominant peak in annual,
the primary rainfall peak during the first flood period of May-June and the
secondary peak during the typhoon season of July-September. Numerous
studies have been revealed it have a relation between El Nino-Southern
Oscillation (ENSO) phenomenon and the rainfall in different area.

The main purpose of this study is to review the characteristics of the
summer monsoon and the associated rainfall in Macao during different ENSO
conditions from 1952 to 2009. The synoptic scale patterns associated with El
Nifio and La Nifia summer will also be studied.
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Session B

Quantitative Precipitation Estimates,
In-situ, remote sensing observations
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Observations of Precipitation Processes at the Vancouver 2010
Winter Olympic Games

Paul Joe', George Isaac’, Stewart Cober’, Jocelyn Mailhot', Jason Milbrandt’,
Chris Doyle', Ismail Gultepe’, Edwin Campos’, Ron Stewart® and Teresa Fisico®
'Environment Canada, ?University of Manitoba

Email: paul.joe@ec.gc.ca

Introduction

The Vancouver 2010 Winter Olympic Games were conducted in February and March
2010. The Nowcasting Working Group (NWG) of the World Weather Research
Program (WWRP) of the World Meteorological Organization (WMO) promoted the
Science of Nowcasting of Olympic Weather (SNOW-V10) Research Development
Project (RDP). The main goal of SNOW-V10 was to accelerate the development of
winter nowcasting in complex terrain. Nowcasting weather elements included
precipitation type, intensity, wind, visibility and low cloud which are all critical to support
the forecasting/nowcasting for safety and security of the public, athletes and organizers
but also for fair conditions for the competitions. There is both an operational and
research component to the forecasting and to monitoring network (Joe et al, 2010). The
focus of this paper is the precipitation processes revealed by remote sensing
observations. In-situ and model observation are or will be discussed elsewhere.

The Domain and the Observation Network

There are five distinct areas of interest (see Fig. 1). The Vancouver urban area has
many indoor venues and is therefore of minor concern. Cypress Mountain is on the
North Shore of the Fraser Valley and site of many of the freestyle events. It is on the
edge of the ocean (actually Georgia Strait) and the terrain rises sharply creating strong
weather gradients. The Creekside of Whistler Mountain is the location of the Alpine
events. Itis about 100km from the ocean and is of prime concern. The sliding events
are conducted on the west side of Blackcomb Mountain. The fifth site is the Callaghan
Valley which is the site of the Nordic events. Each site has its own micro-climate, its
own forecast and nowcast issues.

L ;
AT caager ey e ?‘ﬁ;mémé’m PR Figure 1: Location of the main forecast areas
)icamp” 1 X \ T el g < for the Vancouver Olympic Games. From top
5‘0 M-su-rweamwér::g“ 3 = By Flee it to bottom and left to right, they are the
N el Olympic Autostation Callaghan Valley (Nordic), Blackcomb (Sliding

CRiver &6 V=TT Tamm\us Network

Centre), Whistler (Creekside), Cypress
Mountain (Freestyle), Vancouver (Indoor
Venues).

X ‘%DthIIO
Enc\oRdge

Fig. 2 shows in visual detail the research
instruments deployed to support the
SNOW-V10 project which focuses on
research in precipitation, wind and
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visibility/low cloud. There is another separate surface bases observation network
deployed to support operational forecasting. It is not described here. Output from both
observation networks were available to all.

g =i, - ~' Figure 2: Location and instrumentation list for

~X-Country (VOD)

the Science of Nowcasting of Olympic
Weather (SNOW-V10) research component of
the project.

b3 A Of particular importance to this
ool B2 . discussion, a C Band Doppler radar was
e W= |ocated in the valley (about 557m ASL) at
F= i s U8 the confluence of three key valleys (Fig.
3). The mountain peaks (about 2000m)
ER are very near (Fig. 4) and a 12° elevation
e % scan is required to scan above the
& §a mountains. This a unique setup and is
designed to meet the low level scanning
nowcasting and science requirements of nearby venues. Surveillance scanning is
provided by the normal operating radars. Observations from a vertically pointing 24 GHz
radars, (MRR) located at the base of Cypress Mountain will also be presented.

Survey of Precipitation Processes

In this section, a preliminary surveys of the precipitation processes are illustrated
primarily via radar examples. The winter of 2010 was an el nino year and the
temperatures were much warmer than normal.

Melting: Freezing levels were above the surface and below mountain top. Fig. 3 shows
a plane position indicator (PPI) image of the 12° elevation angle data. The transition
from snow to rain was a critical and common forecast issue since this affected athletic
performance and athlete safety. Identification of the bright band was one technique
used by the forecasters to identify the melting process and level. Precision of about 100
m was required.

Figure 3: A 12° PPI of reflectivity. The purple
(40 dBZ) ring indicates the bright band which is
interpreted as the freezing/melting level

Virga: Winter precipitation processes are
efficient and sensitive to environmental
conditions. Evaporation/sublimation at low
or mid levels resulted in a lack of
precipitation. In the example provided
(Fig. 4), the echo at the outer edge of the
outer ring represents the height of the
origin of the precipitation since this is
radar data collected at a constant
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elevation angle. It grows and then evaporates creating the inner edge of the outer ring.
The gap represents a precipitation free layer. The precipitation then begins again below
mountain top and evolves all the way to the valley height (origin or radar location). This
also indicates layering (strata of air of different characteristics) which is very evident in
winter. The radial velocity image showing different air flow directions also indicates that
there is a separation of the air mass above mountain top and in the valley. So that there
is a discontinuity in the air masses that impact precipitation formation. If the air is
unstable, evaporation and mixing processes below the virga was used to forecast gusty
winds.

4 01 ppr 2009 4 01 Apr 2009

i ENVIRONMENT % 4 o par B ENVIRONMENT
CANADA 4 ¥ v y-ls CANADA

¥VO
WHISTLER

PRI PRI
) v Angle 120 v Angle 13.0

;? oy A M ‘.

- B .

igure 4: Radial velocity (left) n‘d
development below.

Blocked Flow: An example of a radial velocity and reflectivity Range Height Indicator
(RHI) displays are shown indicating a blocked flow or flow reversal (Moist Froude
Number < 1). The orographic precipitation occurs on the slope and not the crest of the
mountains. A surveillance radar located on the mountain top would not see such an
important feature for precipitation nowcasting in complex terrain.

|Blocked , |

Figure 5: RHI of radial velocity and reflectivity showing downslope winds indicating a blocked
flow situation which results in precipitation on the slope of the mountain.

Unblocked Flow: An example of a unblocked flow (Moist Froude Number > 1) where the

precipitation is on the crest of the mountain. These vertical sections are not normally
used in forecasting, particularly the radial velocity RHI's, but for the Olympics they were
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used extensively and were intuitive to the forecaster and they conceptualized weather in
the vertical.

Figure 6: In this unblocked flow situation, the radial velocity image shows away velocities from
the radar which results in heavy precipitation on the crest of the mountain.

Hybrid Flow: There is a continuum of flow regimes. In the following example, a “deep”
downslope situation is shown where the precipitation is both on the slope, on the crest
and to the lee of the mountains. The downslope flow has extended above the mountain
top and precipitation occurs on the crest as well as on the slope.

Figure 7: A deep downslope situation where the downslope winds extend above the mountain
top and the precipitation is both on the crest and on the slope.

Inflow and Outflow winds: Inflow/outflow are valley scale flows (from coast to Squamish)
and generally indicate moist/dry and warm/cold conditions from the coast to the interior
and vice versa. Warm moist inflows are key factors in the forecasting of low cloud
advection or very localized cloud formation on the wind ward (south) side of Whistler
mountain. This cloud has often been the cause of downhill races being postponed or
cancelled, in the past (Fig. 8a).

The height of the outflows were also used to forecast the advection of terrain locked
cloud and precipitation at Cypress mountain (Fig. 8b).
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Figure 8: Outflow (above) and inflow (below) along Howe Sound. The RHI's are created from
Squamish (left) to Whistler (right). The radial velocity images show how the atmosphere is
layered. The outflow winds are evident by the red away velocities in 8(a, left) but are more subtle
in the inflow situation (8b, left) where there are strong winds aloft.

Snow and Riming Processes: A vertically pointing radar was deployed at the base of
Cypress Mountain. Fig. 9 shows two vertical profiles of Doppler spectra. The image
indicate the intensity of the reflecitivity at different velocities (abscissa) and different
heights (ordinate). Snow is identified as reflectivities falling around 1-2 m/s, whereas
rain is identified as reflectivities falling around 5-8 m/s). On the left, snow is melting into
rain. On the right, snow is riming, becoming more dense and falling faster and then
melting into rain. It appears that evaporation is also occurring since the intensities are
decreasing in intensity with height and the fall velocities are not as large as in the figure
on the left. The noisy background is the system noise.
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Figure 9: Vertically pointing Doppler spectra from a Micro Rain Radar (MRR). See text for
explanation.

Precipitation Forecasting
A 1km with a double moment scheme with 6 categories (snow, graupel, ice crystal, rain,
drizzle, freezing rain, ice pellets) was used for forecasting (Mailhot et al, 2010). The 1km

model was initiated through a nesting with lower resolution models (2.5 and 15 km) and
was often able to capture the details of the precipitation. It is still being evaluated.
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Figure 10: Model forecasts of various precipitation types presented as meteograms. On the left,
verification observations are provided by a forecaster on-site and on the right, the high resolution
SNOW-V10 instrumentation provided the observations, some of which do not agree with each
other.

In-situ Observations

Fig. 10 (right) show some of the observations made with automated precipitation
intensity and type instruments. Using different sensing technologies, there are
differences in the measurements and this is an active area of investigation. Fig. 11
shows measurements by in-situ snow micro-photographers overlaid on a vertical profile
of liquid water produced by a microwave profiling radiometer. The sequence of photos
show a sequence of snow crystals, some of which are more rimed than others over the
period of observation which appear to be consistent with the liquid water observations.
These latter observations are still in the process of development. This figure shows the
complexity of the environment and the impact on the precipitation processes.
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Figure 11: Micro snow photographs taken at ~1800 m level overlaid on liquid water content
vertical profiles from a microwave profiling radiometer. These latter measurements need to be
confirmed.

Summary

A research component was developed to take advantage of the operational monitoring
network that was being established to support the forecasting for the Vancouver 2010
Winter Olympic Games. Only the precipitation component to study processes in
complex terrain is described here.

Winter precipitation processes are already complicated since particle shapes, density,
riming and aggregation must be considered. The complex terrain and associated flows
and thermodynamic structures (not discussed here) add another level of detail. Since
the analysis is still underway, a preliminary survey of the observations of precipitation
processes mainly revealed by remote sensing, were presented. This included melting,
evaporation, precipitation initiation, blocked and unblocked flows, inflows and outflows,
riming and aggregation.

A double moment precipitation scheme was developed for the Olympics and the
impression is that it showed excellent results though the analysis is ongoing. High
resolution temporal measurements (1 minute data) using state of the art automated
sensors were also made and indicate highly variable meteorological phenomena. The
analysis of these measurements are also ongoing.

In summary, the SNOW-V10 project has already produced many qualitative insights and
understanding into precipitation processes in complex terrain and it is expected that
detailed analyses of the observations and model outputs will greatly advanced our
quantitative knowledge.
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B1-2

A High-Resolution Gauge-Satellite Merged Global Precipitation Analysis
And its Applications for Model Verifications

Pingping Xi, Robert Joyce, Soo-Hyun Yoo, and Yelena Yarosh

NOAA Climate Prediction Center

1. INTRODUCTION

Over the past decade, systematic efforts have been made at the NOAA Climate Prediction Center (CPC) to
construct high quality, high-resolution global precipitation analyses through integrating information from multi-
sensor, multi-platform satellite observations. Called CPC Morphing technique (CMORPH, Joyce et al. 2004 [1]),
an innovative algorithm was developed that combines estimates of instantaneous precipitation rates derived from
passive microwave (PMW) observations of all available LEO satellites through propagating and morphing them
via the cloud advection vectors derived from consecutive infrared (IR) images from geostationary platforms. The
CMORPH satellite precipitation analysis has been produced on an 8kmx8km resolution over the globe (60°S-
60°N) for an 11-year period from November 1998 to the present [2]. Intercomparison and validation studies
illustrated excellent performance of the CMORPH estimates in capturing precipitation variations of various time /

space scales [3].

The second generation CMORPH is under development to further improve the performance through a) adopting
the Kalman Filter (KF) technique for refined accuracy and enhanced flexibility in incorporating additional inputs,
and b) adjusting the all-satellite combined estimates against gauge observations to remove biases. The objective of

this paper is to report the progress of the development of this new blending technique.

2. THE KALMAN FILTER BASED CMORPH

Under the Kalman Filter framework, precipitation analysis defined at step (k+1) Zy.; is computed from the
analysis at the previous step (Zy) and the additional observations (O) through the following equation:
2y =4 +K (O -2))
where Ky is the Kalman gain defined from error for the previous analysis (cy) and the observations (o,):
K, =0} (o, +07)

In our application, PMW estimates from multiple LEO platforms are first propagated backward and forward to
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produce the ‘predicted’ analysis at the target analysis time. The prediction is then refined by incorporating

information from IR-based estimates at the target time to form the final analysis.

The PMW precipitation estimates used in this study include those from TRMM/TMI, AQUA/AMSR-E, SSM/I
aboard DMSP satellites and NOAA/AMSU-B. The IR-based estimates used here are from the IRFREQ
developed at CPC through PDF matching of the IR cloud top temperatures against that of the collocated PMW

estimates and are available globally at 30-min intervals.

Key to the development of the KF CMORPH is the definition of error structure for the propagated PMW and IR-
based estimates as a function of instrument type, propagation time, location, and season. A preliminary test is first
performed to define the error (expressed as correlation) through comparing the IR-based precipitation estimates

and the PMW estimates propagated through various length of time against the Stage-II radar observations over

CONUS for summer 2007.

TMI S5MI AMSU - IR

Figure 1:

Correlation for the IR-based and PMW propagated precipitation
_ estimates as a function of instrument type and propagation time
0.3 \ computed by comparisons with Stage-I1 radar data over CONUS

for JJAS 2007. Positive and negative propagation times indicate

Correlation

forward and backward propagation, respectively.

0

180 120 -90 ~60 ~30 O 30 60 90 120 150
Propagated Time (min)

Correlation for the PMW estimates degrades shapely as they are propagated from their observation time (figure

1). The magnitude and the degradation rate of the correlation, however, differ for different instruments, indicating

the importance of defining the error separately for estimates from different platforms. The IR-based precipitation

estimates outperform the PMW estimates when the propagation time is longer than 90 minutes or so, suggesting

potential improvements in the final analysis through the inclusion of IR estimates to fill in PMW observation

gaps.

Using these error statistics, a conceptual model for KF-CMORPH is developed to construct high-resolution
precipitation estimates over CONUS. The precipitation analysis produced by the KF-CMORPH is re-calibrated
through PDF matching against the original PMW and IRFREQ precipitation estimates to reduce the damping in

high precipitation intensity caused by linear processing of the Kalman Filter. The final analysis is compared
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against the radar observations to examine their quantitative accuracy. Precipitation estimates generated by the KF-
CMORPH present consistently improved accuracy compared to those from the original CMORPH (figure 2).

Correlation

> o e o Figure 2:
" ; ) Time series of correlation between radar-estimated
=\ V A\ / precipitation and satellite precipitation estimates derived
: a from a) IR observations (blue); b) the original CMORPH
” / ' (black); and c) the prototype Kalman Filter (KF)
o CMORPH over CONUS (red).

8 b= s e = e

This conceptual model is further modified and implemented for constructing the precipitation estimates over the
global domain from 60°S to 60°N. Error statistics for PMW and IR-based precipitation estimates are defined for
individual instruments as a function of region and season through comparisons with the concurrent estimates from
the TRMM/TMI. Evolution of estimation error over the propagation period presents strong regional variations,

indicating differences in the time scales of the target precipitation systems.

The prototype Kalman Filter based CMORPH is applied to generate high-resolution precipitation analysis for a 6-

month period from April — September, 2009 for further tests and examinations.

3. REMOVING BIAS IN SATELLITE ESTIMATES

As shown in many validation studies, CMORPH and all other satellite-based precipitation estimates contain
regionally dependent and seasonably changing biases. One way to remove the bias is to combine information
from gauge observations. To this end, we have developed a prototype algorithm to remove the CMORPH bias
through matching the probability density function (PDF) of the daily CMORPH with that of a daily gauge
analysis produced routinely at NOAA/CPC [4].

Correlation CMORPH & GAUGE DLY (0.26dog)

0.8
o...mwwwmé Figure 3:
0.4

Time series of correlation between the daily gauge-based

o3 —— CMORPH_RAW —— CMORPH_ADJ
N TEB MR APE MY N AL e s 00T WOV DEC . e - . .
006 analysis of precipitation and the daily estimates from a)

Bias (mm/day)

N the CMORPH (black), and b) the bias-corrected
:WWM&‘M CMORPH over the global land.

This bias correction is performed for each 0.25°lat/lon grid

box over the global land and updated daily on a real-time
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basis. First, co-located daily CMORPH and gauge analysis data are collected over grid boxes with at least one
gauge over a spatial domain centering at the target grid box and a 30-day time period ending at the target date.
The PDF for the CMORPH is then created and matched against that of the gauge analysis to correct the biases. To
examine the effects of this procedure, the bias corrected CMORPH estimates are compared against gauge analyses
over the entire global land. As shown in figure 3, seasonally changing biases in the original CMORPH are
removed substantially after the correction, and the correlation for the bias-corrected CMORPH is improved by

~0.05 upon that for the original CMORPH.

4. SUMMARY AND FUTUREWORK

A prototype algorithm has been developed for the second generation CMORPH. First, the Kalman Filter
technique is adopted to integrate the PMW and IR precipitation estimates using error statistics computed as a
function of instrument type, propagation type, location and season. The blended satellite precipitation estimates
are then adjusted against a gauge-based analysis through PDF matching to remove the bias. The prototype
algorithm is applied to produce 30-min precipitation analysis on an 8kmx8km resolution over the globe for a six
months period from April — September 2009. The results showed substantial improvements of the new analysis
compared to the previous version. Further work is underway to fine tune the error statistics, include information
from additional sources (e.g. radar observations and model simulations), and to extend the domain to the entire

global domain from pole to pole. Detailed results will be reported at the conference.
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Analyses of Quantitative Precipitation Estimation( QPE )Based on Merging

Satellite and Rain Gauge
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1. National Meteorological Center, China Meteorological Administration, Beijing 100081, China
2. Public Weather Service Center, China Meteorological Administration, Beijing 100081, China
gidan@cma.gov.cn;qidan@126.com

1. Introduction

Satellite precipitation estimates are widely used to measure global rainfall on monthly, daily, and
hourly timescales for studies. Near real-time satellite precipitation estimates are becoming increasingly
available to the wider community. These precipitation estimates are potentially very useful for
applications such as numerical weather prediction (NWP) data assimilation, now casting and flash
flood warning, tropical rainfall potential, and water resources monitoring, etc. As with any
observational data, it is important to understand their accuracy and limitations. This is done by
verifying the satellite precipitation estimates against independent data from rain gauges. The terms
evaluate and verify are used here to mean “to determine or test the truth or accuracy of the QPE
(Quantitative Precipitation Estimation) product” (John E.1999)

High resolution rainfall distribution map can be derived from satellite observation, and rain gauges
data can give us accurate rainfall measurements at a fixed location .Combined them together, the
merging of satellite precipitation estimates and rain gauge measurement is to “calibrate” satellite
precipitation estimation with ground observation, so that a more accurate rainfall field can be drawn.
In this paper, we use a intellective objective analysis scheme which is brought forward by LU
nai-meng (2004) to accomplish the merging or called “fusing”.

In this study, the satellite precipitation estimation data we used to fusing is from the National Satellite
Meteorological Center (NSMC) which resolution is 0.1 degree. The rain gauge data is from the
National Meteorological Information Center (NMIC). Based on the hourly and daily rain gauge
precipitation observations of over 30000 rain gauges and the satellite precipitation estimation products,
a real-time merging system to get the QPE product is established. At last we have done a series of
evaluate and verify job to test the accuracy of the QPE products.

2. Data and method description

2.1 Data description

There are mainly two kinds of original data sources. The satellite precipitation estimation data we
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used in this paper were obtained from the “FY-2E” weather satellite provided by the National
Satellite Meteorological Center (NSMC) which horizontal resolution of 0.1 by 0.1 degree. The
station rainfall observation we used in this study is obtained from the National Meteorological
Information Center (NMIC) as shown in the Figl.a.

e '.Wul'un\m )

fuzhou
olaipei Shih

Fig.1.Illustration of automatic weather Fig.1.b Distribution of hydrological observation

stations location stations

The evaluation precipitation data we used is the observed precipitation in the hydrological stations.
The location of the hydrological stations was given in Fig2.b, which is obtained from the sharing data
system between the China Meteorological Administration (CMA) and the Bureau of Hydrology, the
Ministry of Water Resources of P.R.China (Bureau of Hydrology, MWR).

2.2 “Fusing” technique description (combine satellite result with rain gauge

data)

The satellite precipitation estimation product we used is based on the “split window channel
technique” by NSMC. As well known, there are many kinds of typical algorithms of satellite
precipitation estimation in the world , for example ,Barrett Method, Arkin Method, Life History
Method, Stout Method, Griffith Method, Scofield Method, etc (Arnold Gruber,2000). But what we
concerned technique is how to combine or “fusing” the satellite precipitation estimation product and
the rain gauges data together. In this paper, we use a intellective objective analysis scheme which is
brought forward by LU mai-meng (2004) to accomplish the fusing, which method is not only
considered distance between the grid and rain gauges, but also consider the orientation of the rain
gauges.

The R represents precipitation , superscibe O to refers to observation,a refers to analysis and s

refers to satellite estimate,the suffix i is for the ith grid-point and kis the k, raingauge

location .the p, is weights and n is the tatal number of raingauges.The W@ is a distance

factor ,Wr is a function of distance ,the IT is the orientation factor ,in which
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Where W, is a function of orientation. r is the distance between station ;j and grid point i, D

is the average station distance & is the angle from the connection line between station jand grid
[ to the connection line between grid i and station k.

2.3 The test scheme description

In this study, the period from 20" May, 2010 to 10" Sep, 2010 in China were tested. First of all, the
Satellite precipitation estimates data were downloaded, decoded, at the same time, the rain gauges
precipitation data obtained, then the 2 steps was done:

@: Quality control. By a simple quality control method, we eliminated the irrationality rain
gauges, then a relative immobile station list got.

@ : Data supplement. Based on the step @ and the daily and hourly rain gauges

precipitation ,we supply the “zero” to the record in the station list in the step® .That means if the rain
gauge doesn’t observed precipitation, we considered the precipitation in the rain gauge is “zero”.
In the fusing arithmetic, we selected 0.6° as the adjusting radius, which is the best adjusting radius

after we have done a series of test from 0.1° to 2°( table ignoring).At last we have done a series of
evaluation test by using the hydrological stations to examining the performance of the QPE products.

3. Evaluation of the QPE products

3.1 Evaluation methodology description

Evaluation was made with the threat score (TS), false alarm rate and missing alarm rate between the
observations and the QPE products, and with the brier score to evaluate the performance. The
precipitation was divided into four categories with the consistency of operational forecasts at the
National Meteorological Center (NMC) of CMA as no rain, little rain, moderate rain and heavy rain
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with thresholds of 0.lmm (including), 9.9mm (including), 24.9mm (including) and 49.9mm
(including), respectively. (Zhao et al 2010).

3.2 A case study and the Evaluation results

@ A RAR LA N
2010406108 H 085120104061 09H 08f) )\

X FRAFTE /
TN

b
P

Fig.2. A case of quantitative precipitation estimation(QPE) in the 6", Jun,2010
(a. Observational precipitation in the rain gauges(from (NMIC);
b.The satellite precipitation estimates product (from NSMC);
c. The quantitative precipitation estimation(QPE) product by fusing the satellite precipitation
estimates and the rain gauges precipitation.(unit:mm)
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Fig.3 The improved performance between before fusing and after fusing

We find that the satellite precipitation estimates product would highly estimate the magnitude of
precipitation in some area where the regional automatic weather stations is sparse, such as in Xinjiang
province, Qinghai province and Inner Mongolia, etc, in 9™ Jun, 2010 (Fig.2).

During the period of 20" May to 10™ Sep. 2010, the threat score shows that precipitation accuracy was

-95-



improved in all 8 regions and the whole china, the heavier the rainfall intensity, the more significant
the improvement with the percentage between 20% and 60%. Meanwhile, bias score reveals decrease
in all 9 regions; False alarm rate indicates obvious decrease for all 9 regions with a rate of 5% to 10%,
for some region it is high up to 30%. Meanwhile, evident improvement was displayed by the missing
alarm rate, especially for the shower and little rain, with a percentage of 30% for some regions (Fig.3).

4. Results and discussion

In this study, we find that the test results show that the optimal result was given with an adjusting
radius of 0.6-0.8 based on the “fusing” technique. The evaluation results show that the performance of
QPE product based on the “fusing” technique is well improved than the satellite precipitation
estimates product before fusing while the case study results explained it also.

As well known, there are obvious difference between satellite precipitation estimate and other remote
technique as radar measurement, etc. But the results of satellite precipitation estimate can be widely
used because the resolution of both spatial and temporal is good enough for the use of precipitation
estimation .So, better results could be expected when the satellite precipitation estimate result fusing
with rain gauges data and other data by multiple observed data.

Acknowledgements: This work was supported by the China Meteorological Administration under
Grant No. GYHY200706001, GYHY200906007, GYHY2010 and CMATG2010Y23. The authors
would thank You Ran of NSMC for her guidance and help on the fusing arithmetic and providing the
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References

John E. JANOWIAK, PINGPING XIE, 1999: CAMS-OPI: A Global Satellite—-Rain Gauge Merged
Product for Real-Time Precipitation Monitoring Applications. Journal of climate. 12:3335-3342

Arnold Gruber, Xiujuan Su, M. Kanamitsu, et al., 2000: The Comparison of Two Merged Rain
Gauge—Satellite Precipitation Datasets. Bulletin of the American Meteorological Society, 18 (11),
2631-2644

Lu Nai-meng, You Ran, Zhang Wen-jian.2004: A Fusing Technique with satellite precipitation
estimate and rain gauge data. ACTA Meteorological Sinica (in Chinese), 18 (2), 141-146.

Zhao Lin-na, Wu Hao, Tian Fu-you, Qi Dan, et al., 2010: Assessment of probabilistic precipitation
forecasts for the Huaihe basin using TIGGE data. Meteorological Monthly (in Chinese), 36 (7),
133-142.

-96-



The Megha-Tropiques accumulated rainfall algorithm TAPEER
(Tropical Amount of Precipitation with Estimation of ERrors):
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1. Introduction

Precipitation estimation algorithms based on satellite observations have shown an increase of
their overall quality, especially at the meteorologically relevant scales, over the recent decade.
The need for a comprehensive error estimate along with the basic rain amount has become a
key issue for quantitative precipitation estimation.

The TAPEER (Tropical Amount of Precipitation with Estimation of ERrors) algorithm is
based on a merging approach of Passive Microwave (PM) instantaneous rain retrievals
together with observations from geostationary cloud top sensitive Infrared (IR) channels. This
technique relies on the Universally Adjusted GOES Precipitation Index (Xu et al., 1999) and
on the PMIR algorithm (Kidd et al., 2003). It is developed for the Megha-Tropiques mission
as a tool for a better understanding of the error budget on accumulated rain estimations.
TAPEER will provide daily rain accumulations at one-degree resolution over the whole
Tropical belt and their associated errors.

Roca et al. (2010) developed a sampling error model for satellite accumulated rainfall
estimation. It was then adapted to provide global sampling error maps for the TAPEER
algorithm. While sampling errors are often assumed to have the most significant contribution
to the error budget (Bell et al., 1990), algorithmic issues can also lead to significant bias and
random errors (Xu et al., 1999). Therefore they need to be quantified. This study shows a
methodology developed as a first step to derive algorithmic errors for satellite precipitation
estimation algorithms. A novel approach to quantitative precipitation verification, taking into
account the errors on both satellite and surface rain datasets when comparing the estimates, is
then used as a tool to infer the importance of each component of the budget to the total error.

2. Data

The satellite datasets used for this study are time series of Meteosat Second Generation
10.8um images and Passive-Microwave (PM) derived instantaneous rain rates retrieved from
several instruments over the 2006’s monsoon season: the TRMM Microwave Imager (TMI),
the Advanced Microwave Scanning Radiometer-Earth Observing System (AMSR-E) aboard
Aqua and the Special Sensor Microwave Imager (SSMI) aboard Defense Meteorological
Satellite Program (DMSP) satellites. The rain rate estimates are derived from microwave
brightness temperatures using the BRAIN algorithm (Viltard et al., 2006). This algorithm is
developed in the framework of the Megha-Tropiques mission as the instantaneous rainfall
product derived from its MADRAS PM imager data.
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A validation dataset of block-kriged (Journel and Huijbregts, 1978) rain gauge measurements
from two dense networks, implemented for the AMMA experiment over Niamey (Niger) and
Ouémé (Benin), is also used as a ground reference in this study.

3. Method

The errors related to the estimation of precipitation can be attributed to several sources. If we
assume variance separation between the sources, a general error budget can be written as:

2 2 2 2
S = S causrarion + S”aLcoriram + S sampLiNG

The calibration term is related to the instruments themselves but is known to be the less
critical issue in precipitation estimation. The algorithmic term addresses both the error of the
instantaneous rain retrievals but also the error related to the merging methodology. The
sampling term addresses the error related to the discrete nature of measurements.

The error modeled by Roca et al. (2010) gives an estimation of the error, which is a mixture
of pure sampling and merging methodology (Huffman, 1997). Eventually, in the algorithmic
term of the budget, the error of instantaneous rain estimations remains and possibly is
magnified at the accumulated scale.

Therefore, an error propagation approach was chosen to evaluate this algorithmic error.
Algorithms providing instantaneous rain estimates are subject to systematic and random
errors that depend on rain regimes and intensities (e.g. Viltard et al., 2006). Different
scenarios of error propagation are considered in this study, assuming random and systematic
biases of different magnitudes, on regimes of low, medium and high rain rates (respectively 0-
2mm.h’, 2-10mm.h” and above 10mm.h™"). Distributions of the resulting anomalies on
TAPEER rain accumulations are then analyzed in order to infer statistical properties of the
algorithmic errors.
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Fig 1. Flow chart of the TAPEER algorithm. Full arrows show the flow to produce rain
accumulation maps, dashed arrows show the flow to produce error maps.
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Figure 1 shows the flow chart of the TAPEER algorithm. Daily rain accumulation maps are
derived from high-resolution rain fields that are produced through a process involving space
and time collocation of the two inputs. They are also used to perform variogram calculations
in order to deduce sampling error maps. Propagating disturbances on the instantaneous rain
input data in the TAPEER framework performs the algorithmic error analysis.

4. Results
4.1 Anomalies analysis

The distributions of relative anomalies computed between the reference TAPEER time series
and the TAPEER time series with biased inputs, show common characteristics. Random and
systematic disturbances on the instantaneous rain inputs demonstrate a similar behavior with
bias on rain accumulations increasing with disturbance magnitudes. Figure 2 shows an
example of the distributions of relative anomalies for systematically biased high rain rates.
While the magnitude of the bias on the input is increasing from 20 % to 100 %, the
distribution becomes less peaky, and the standard deviation and the mean are increasing.

(a) b (c) (d) (e

533343

R
2 2.9 9 92
5334343

1.0%10*
a.ox1ot
s.ox10" ] 6.0=10"
40x10 4.0m100 4.0x10* 4.0%10° 4.0m10°
2.0m10" 2.0m10" 2.0x10% A 2.0m10° ™\ 2.0m10°
] 0 o o o ¥ L
-100 -5 0 50 00 -100 -50 0 50 100 -100  ~-50 o 50 100 -100 -50 0O 50 100 -100 -50 © 50 100
Relo %) Relative bias (%) Relative bies (%) Relative bias (%) Relative bias (%)

Fig 2. Distributions of relative anomalies between reference degree-daily rain accumulations
and degree-daily rain accumulations built with a systematic error on instantaneous high rain
rates of 20% (Fig. a), 40% (Fig. b), 60% (Fig. c), 80% (Fig. d) and 100% (Fig. e). The
samples (more than 30 000) are land-only pixels over Western Africa during the 2006 rainy
season.

A comparison of the distribution statistical moments in the different cases of errors (random
error, systematic on low, medium and high rain rates) showed that:

* None of the distributions being close to a Gaussian distribution or conserving the
properties of the error on the input, the errors propagate strongly non linearly in the
TAPEER algorithm

* Random errors have less impact on TAPEER estimations than systematic errors

* The impact of a systematic bias depends on the rain rate regime, which is biased. This
impact is strongly related to the percentage of population considered

4.2 An approach to the total error budget analysis

Depending on the bias characteristics of the rain rates produced by the PM-based algorithm
and used as input in the TAPEER framework, the characteristics of algorithmic errors on the
rain accumulations will be different. For instance, if the errors are only dominant in the rain
regime that is not much represented in the population of rain rates, algorithmic errors might
be negligible and the sampling errors will have therefore the most significant contribution to
the total error.

A novel approach to quantitative precipitation verification is then used as a tool to infer the
importance of each component of the error budget in the different scenarios envisioned. This
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approach was developed by Roca et al. (2010) to compare satellite and ground rain datasets,
taking into account their respective uncertainties. Using a dedicated regression technique
(Kelly, 2007), Roca et al. showed that classical comparison scores such as the coefficient of
determination or the bias of the regression can be computed in this error context.

Taking into account the sampling errors of TAPEER rain estimates and an additional
algorithmic error issued from the different distributions computed above, the scores of
comparison with rain gauge data over the two sites of Niamey and Ouémé are computed.
Figure 3 shows the evolution of the coefficient of determination depending on the applied
disturbance magnitude. For the scenario in which the instantaneous rain estimations have no
systematic bias but only a random bias, Figure 3a shows that the algorithmic error has no
impact in the comparison with the gauge, R’ being stable until approximately 80 % of relative
error magnitude. Figure 3b shows that algorithmic errors related to systematic bias on low
rain rates are negligible with respect to the sampling errors for magnitudes of at least 50%.
Figure 3c and 3d show that even small systematic biases on medium and high rain rates
induce errors on rain accumulations that are not negligible with respect to the sampling errors
and require to be handled carefully.
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Fig 3. Evolution of the coefficient of determination R* of TAPEER rain estimates versus rain
gauge estimates over Niamey for the 2006 monsoon season. These scores were computed,
taking into account sampling errors and algorithmic errors, as a function of the error
magnitude propagated on (a) random rain rates and systematically on (b) low rain rates (c)
medium rain rates (d) high rain rates. In each case where the scores are computed from a
distribution of scores, the blue bars correspond to the standard deviation of the distribution.
The scores computed without errors are over plotted in yellow for each case.

Figure 4 shows the evolution of the biases of the regressions, confirming the different impacts
highlighted in the evolution of the coefficient of determination. Figures 4a and 4b
demonstrate a stable behavior of the bias, whereas Figures 4c and 4d show the increase of the
bias on accumulated rain with increasing magnitude of bias on instantaneous rain.
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Fig 4. Evolution of the Bias of the regression of TAPEER rain estimates versus rain gauge
estimates, taking into account sampling errors and algorithmic errors, as a function of the
error magnitude propagated on (a) random rain rates and systematically on (b) low rain rates
(c) medium rain rates (d) high rain rates.
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Over the Ouémé site, the evolution of comparison scores (not shown) presents a similar
behavior with negligible impact of random errors and systematic errors on low rain rates. The
main difference between the two sites is that: where algorithmic errors issued from systematic
errors on high rain rates are not negligible with respect to sampling errors over Niamey, the
higher importance of medium rain rates is stronger over Ouémé.

5. Conclusion

User’s needs in terms of precision and accuracy on accumulated rain datasets vary with the
application. The error propagation methodology developed here allows performing an
analysis of the algorithmic errors with respect to the bias characteristics of the instantaneous
rain product used. Moreover, this kind of method allows a backward estimation of the
requirements on instantaneous rain retrievals, which are necessary to reach these user’s needs
on the rain accumulation. Indeed, for instance knowing that the PM-derived rain estimator is
only biased in the medium rain rates regime, a maximum bias tolerated by users of the final
rain accumulation product can be backward propagated to a constraint on the developments of
the PM instantaneous rain algorithm.

In this study, a simple technique was used to spread the distribution of algorithmic errors on
time series of TAPEER degree-daily rain accumulation to compare them to sampling errors.
A more detailed modeling and in-depth analysis of the space and time variability of these
distributions is planned in order to deduce a precise knowledge of these algorithmic errors and
producing algorithmic error maps that will be provided with TAPEER precipitation
estimations. The approach developed here is general and consequently applicable to estimate
the algorithmic errors of other precipitation algorithms.
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1. Introduction

Owing to t he monsoon precipitation, diverse geol ogical settings and r ugged terrain, Nepal is
prone to flood and landslides. Ma ny lives and properties worth millions of dollars are destroy ed.
The monsoon season in Nepal occurs between Jun e and Septem ber; monsoon is the dominant
rainfall season, with 80% of the annual rainfall occurring in that period. Based on 20 years of data
(1980-2000), Nepal is found to have high vulnerability of flood disasters as reported in the UNDP
global report on reducing disaster risk (UNDP 2004). Between 1983 and 2005, on average 309
people lost their lives in Nepal, due to floods and landslides that accounting for over 60% of those
who died due to different types of disasters in the country. (Khanal et al, 2007) The high level of
poverty and rate of po pulation gr owth has furt her increased the vul nerability to flood and
landslides.

Reliable weather forecasting s ystems are one of the most effective way s to minimize the loss of
life property. Accurate r  ainfall esti mations are e ssential for reliable and timely wea ther
forecasting and warning. I n many countries weather forecasting has been relied upon by a dense
network of rain gauge or ground based rainfall measuring radars that report in real time. In Nepal,
like many other developing countries, the hydrom eteorological station networks are sparse and
rainfall data are available only after a significan t delay . Accordingtot he Department of
Hydrology and Meteorology (DHM) of Nepal, the country average density is one gauge for about
331 km?® and is especially very sparse in mountainous areas. Owing to the limited spatial coverage
of ground base gauges, unavailability of real-time rainfall data and constraint in technical and
financial resources operational flood forecasting is  y et to be initiated. Precipitation is highly
variable in both space and tim e and i s an im portant input inr ainfall-runoff m odeling. The
availability of global coverage of satellite da ta o ffers effectiv e and economical means of
calculating areal rainfall estimates in sp arsely gauged areas (Artan et al., 2007b). Thus, satellite
rainfall estimates (RFEs) may be one of the best and appropriate approaches for Nepal to p redict
and forecast rainfall-induced runoff that may produce flooding.

2. Operational System and Products

National Oceanic and Atmospheric Administration (NOAA) has developed several satellite-based
techniques and an algorit hm for rainfall estima tion to sup port weather and flood m onitoring
activities of USAID. Among them is the sy stem developed at t he Climate Prediction Cent er for
Rainfall Estimates known as the CPC- RFE, which was tested an d applied in t he African region.
The CPC-RFE is a combined satellite- and surface-based rainfall estimation technique. The CPC-
RFE product has been available since 2001 on an operational b asis for South-East Asia. The
CPCRFE2.0 uses a merging technique that increas es the ac curacy of the rainfall esti mates by
reducing significant bias and random error com pared with indi vidual precipitation data sour ces
(Xie and Arkin, 1996), thereby adding value to rain gauge interpolations.

-102-

B1-5


makowski
Typewritten Text
B1-5

makowski
Typewritten Text


Starting from June 15, 2001, the system has been put i nto operation at the Climate Prediction
Center of NOAA and its products are available on a quasi real time basis

3. Flood Forecasting

The flood forecasting project of the Department of Hydrology and Meteorology has been working
on establishing an operationa 1 flood forecasting and warning s ystem in major rivers of Ne pal.
Data acquisition s ystem is being m odernized with real ti me telemetry. Flood forecasting models
are being d eveloped in collaboratio n with I nternational Centre for Inte  grated Mountain
Development (ICIMOD). Application of satellite rainfall estimation (SRE) for flood forecasting
has been suc cessfully tested for Nar ayani basin an d GeoSMF model has b een custo mized for
Narayani basin with m odified SRE as input. Th ¢ model will be soon used for operational flood
forecasting.

Raintall {Fmj
=
=

[l (Gauge obesrved ran BRFE

Figure 1 C omparison o f rai n g auge observed Figure 2 Com parison of rain gauge obser ved and
and satellite rain fall estim ates for the Bagmati satellite rain fall esti mates for th e Bag mati Basin (1
Basin on 23 July 2002. July to 7 August 2002).

The rainfall observed at the rain gauge stations was higher than the co ncurrent RFE. Figure 1
shows an ex ample of a rainfall event on 23 Jul y 2002 alon g with the details of the statistical
analysis. The probability of detection is 1 and the false alarm ratio is 0, showing that the RFE is
capturing t he rainfall eve nt quite well qualitativel yinterm s of occurrence. However, the
estimated rainfall is lower than the observed amount, indicating a negative bias. Figure 2 shows
the comparison of the observed gauge rainfall and CPC rainfall for the 38-day period from 1 July
to 7 August 2002. The RFE captures the rainfa Il trends well b ut underestimates the am ount.
However, the RFE almost completely misses to register any significant rainfall on day 204, a day
when the rain gauge network showed t he second hi ghest rainfall am ount of the period. This is
consistent with the findings of Yatagai et al. (2007) tha t satellite-based precipitation
underestimates heavy precipitation compared with rain gauge-based observations.

4. Performance of the analysis system during monsoon 2008 (July-August)

2008 monsoon had normal monsoon, as discussed in report from Department of Hy drology and
Meteorology. Rainfall for the country as a whole was 90% of its long period average. During this
period, the rainfall was more or less evenly distributed compared to the previous y ears. Monthly
total rainfall analyzed maps we re prepared for four different months (June, July, August and
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September). At the depart ment’s climate section, monthly rainfall m aps for Nepal are prepared
and published regularly by subjectively analyzing the good quality monthly rainfall data. These
color map of monthly analyzed rainfall depict distribution of monsoon rainfall during each month
Here only July and August which are two pick monsoon month are considered (Fig 3a, 3b). Fig.
4a and 4b shows objectively analyzed monthly total rainfall prepared by NOAA CPC for Asia
Flood Network.

Monthly Accumulation {mm) from the South Asla RFE
July 2008

Total Precipitation (mm)
July 2008

1000 1250

Monthly Accumulation {mm) from the South Asla RFE
August 2008

Total Precipitation (mm)
August 2008

250 500 750 1000 1280 1500

Fig3b

Figure 4a indicates that most of the country had around 250 mm to 500 mm of rainfall. The north
central of the country shows rainfall amount from 500mm to 1250mm. Compare to this analy sis,
satellite analysis (Fig 4a) underestimates the rainfall over almost all the country except some parts
of the northwest. The rainfall distribution pattern over the country does not agree well. The areas
with rainfall amounts less than 100 mm match almost well with the RFE. The sharp gradient of
rainfall between central middle mountain (Pokha ra) and rain shadow reg ion to nort h high
mountains brought out realistically in the REF analysis.

During the month of Aug ust, generally the steady monsoon fl ow is well established and whole

country receives more rainfall. In the department’s analysis (Fig 3b), contours of 500 mm or more
cover the m ost of the cou ntry. In this chart we find two maxim a of 16 44 mm and 98 1 mm of
rainfall in central mountainous region. In the south west part of the country, rainfall amount in the
REF charts (Fig 4b) is a Imost match with observed analy zed chart whereas the REF analy sis
produces realistically low value of rainfall in the rest. There are no significant pockets of high and
low rainfall area in the REF analy sis whereas two di stinctly high rainfall areas are located in the

observed analyzed chart.
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5. Year and Season-wise Comparison of Rainfall Estimate with Observed Rainfall.

Before analy zing the results, first all Nepal rain fall anomaly chart wa s prep ared to see ifthe
validating years fall in extreme rainfall years. It is seen from the figure that 2003 is a wet year and
all other years fall into normal catego ry i.e. within the 1 standard deviation. Analy ses were
performed on an annuall y, seasonally and m onthly basis for the year 2002-2005, t he results for
2002 and 2003 are presented as a map for seasonal and annual. .

Year to Year Rainfall Anamoly
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Fig. 5 Yearto year variation of Rainfall (ano maly) Fig. 6 Year to year comparison between
observed rainfall and SRE
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Fig. 7 Comparison between observed rainfall and | Fig. 8 Comparison between observed rainfall and
SRE for the monsoon season SRE for the winter season

Year to year comparison between observed rainfall and SRE as shown in the figure 6 that there is
a big difference in rainfall along the p ockets of hi gh rainfall area. This is also true in case of

monsoon season (figure 7). But during winter season, for som ¢ reason, SRE is overesti mating

over some area in central western region and northern part of the central Nepal (figure 8).

Bias map shows no definite pattern but band of maxima can be seen in both the y ears in annual
and monsoon season. In an annual map, along th e southern portion of west Nepal, SRE shows
higher values. There is no definite relationship between values. (Maps are not shown here).
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Scattered plot show for the both the year with slope less than 45°. Since X-axis is observed value,
it can be deduced that SRE underestimates.

2002 0BS vs RFE 2003 OBS vs RFE
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Figure 9 : Scatter plot 2002, 2003

5. Summary

With the advancement of technology REFs are becoming available with greater accuracy and
coverage. The NOAA CPC-REF-2.0 rainfall estimates have been applied to the Bagmati Basin in
Nepal to stimulate flow. The satellite based rainfa Il products are capable of detecting a particular
rainfall event within the Bag mati Basin. The magnitude of the rainfall is much lower in the RFE
compared with gauge observed rainfall. More accu rate (quantitatively ) and high-resolution data
are necessary for reasonable flood prediction. It  is difficult to predict the floods quantitatively
using current satellite data. We can only provide an indication of probability of occurrence. With
longer term rainfall and stream flow d ata and im proved REF, GeoSFM rainfall runoff m odel
could be tested for applicabilit y of real time flood forecasting and flood risk management in the
basin.

Satellite rainfall estimates mostly underestimate over region. SRE failed to capture heavy rainfall.
From the experience flood forecasting and weather forecasting, it is evident that rainfall detection
and predicti on accuracy by NOAA are more s ophisticated than Indi a Meteorological
Department .Limitation of SRE is delay of product by more than 24 hours.
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QPE and QPF of Japan Meteorological Agency

Kazuhiko NAGATA
Forecast Division, Japan Meteorological Agency

1 INTRODUCTION

The Japan Meteorological Agency (JMA ) has been producing analyzed hourly
precipitation called “Radar/R aingauge-Analyzed Prec ipitation (here after call “R/A”)
since 1983, and precipitation nowcasting (Very-Short-Range Forecast of precipitation,
here after call “VSRF ”) since 1988, in orde r to mitigate disasters caused by heavy
rainfall, such as landslides, flash floods, and debris flows.

R/A and VSRF are disseminated to local met eorological offices, local gover nments,
TV stations, as well as private weather companies. When disasters caused by heavy
rain are likely to occur, JMA issues warnings and advisories based on R/A and VSRF
and indices of possibilities of landslides and flood produced with them.

2 DATA

R/A and VSRF are produced with rain gau ge data, radar data, and NWP outputs.
Raingauge data are collected, every ten minutes or every one hour, from
10000-raingauge net work operated by JMA, Mi nistry of Land, Infrastructure,
Transport and Tourism (here after call “MLIT’) and local governments (raingauges are
located ev ery 7km grid square on averag e€). 46 C-band radars data with a spatial
resolution of 1 km are collect ed, every five minutes, from the radar network operated
by JMA and MLIT. A radar of the network covers a 500kmx500 km square domain.
Mesoscale model (here after call “MSM”)  outputs used for V. SRF are wind from
surface to 700hPa, temperat ure and relativ e humidity fr om surface to 850hPa, and
hourly precipitation. MSM produces 15 or 33-hour forecast at 5km of spatial resolution
every 3hours.

3 ALGORITHM AND ACCURACY OF R/A
3.1 ACCUMURATION OF RADAR INTENSITY DATA

In this section, we introduce the procedure for calculating one hour accumulated echo
intensity. One hour accumula ted echo intensity is calculated as sum of echo
intensities obtained every five minutes. Howeve r, if some echo intensities move fast,
one hour accumulated echo intensities sometimes show unnatural stripe pattern (See
the left image of Fig.1). To avoid such unnat ural patterns, the accumulation must be
conducted taking the movement of the echoes into consideration (See the right image
of Fig.1). In this process, we first divi de observed echo intensities into some pieces
and trace them every five minutes. Then, by summing up the echo intensities passing
a grid, the one hour accumulated echo intensity of the grid is estimated. Here, quality
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check of echo intensity data is also conducted.

Fig. 1 Accumulation of radar
intensity data.

(Left) one hour averaged
echo

(Right) same as the left
except for consideration of
movements of echoes.

-ﬂ!r ;

3.2 CALIBRATION OF RADAR DATA

In this section, we describe the procedures for calibrating one hour accumulated echo
intensities with raingauge measurements to estimate precipitation.

3.2.1 CALIBRATION OVER ALL RADAR OBSERVATIONAL RANGE

One hour accumulated echo int  ensities at the grids of rai ngauges are generally
different from those raingauge values.  Because raingauge measurement is more
reliable, we calibrate the echo intensities of a radar with raingauge observations within
the observational range of the radar under the following two conditions.

(1) an average of calibrated echo intensities of a radar over a domain should be equal
to those of other radars observing the same domain.

(2) an average of the calibrated echo intensit ies at the grids of raingauges should be
equal to the average of the raingauge values.

3.2.2 CALIBRATION OVER LAND

The calibrated echo intensities as abov e are further calibrated to be equal t o}
raingauge data at local scales ( Makihara, 2000). For example, the calibrated echo
intensities at a grid g derived in 3.2.1 is calibrated again with raingauges within about
40km from the grid g. A calibration factor at the grid g is calculated with weighted
interpolation of the calibra tion factors of the grids of above raingauges. Here, a
calibration factor of a raingauge grid is defined as a ratio of a rai ngauge value to the
calibrated echo intensity at the grid of ra ingauge derived in 3.2.1. The weight for the
interpolation takes into account following items.

(1) distances between the grid g and raingauges

(2) differences between the ec ho intensity at the gri d g and those at the grids of
raingauges

(3) beam attenuation rate by precipitation

(4) uniformity of raingauge distribution

-108-



By multiply ing calibrated echo intensities by the calibration factor as determined
above, an estimated precipitation at the grid g is obtained.

3.3 COMPOSITION OF CALIBRATED DATA ON EACH RADAR FIELD

After the above calibration, we produce  a composite precipitation map using the
calibrated echo intensities from 46 radar s by transforming the coordination from
zenithal projection into latitude-longitude gr id with equidistant cyli ndrical projection. If
multiple radars observe the same grid, the largest value is selected.

3.4 ACCURACY OF R/A

To assess the accuracy of R/A, about 200 raingauge data were excluded for
verification. Then, R/A data were produced without these raingauge data. R/A data
were compared with excluded raingauge data. Here we compared a raingauge value
with the R /A values at 9 gr ids including 8 neighboring grid s, considering location
errors about by one grid (i.e. 1 km) due to advection of raindrops by wind before
reaching the ground, and/or ones resulting from the coordinate transform.

Fig. 2 shows a scatter pl ot for comparisons between hour |y R/A values and
corresponding raingauge measurements for 4 months in a warm season (from August
to November in 2009). Here, only best R/A values among ones at the 9 grids are
plotted. This figure shows a good agreement between raingauge data and R/A values.

120
. Fig. 2 Scatter plot of R/A and
g 80 _ raingage with a regressed
?;Ef line(red)
X 40 (R/A=0.96 x Raingauge)

40 80 120
Raingauge(mm)

4 ALGORITHMS AND ACCURACY OF VSRF

VSREF is a 6-hour forecast of pr ecipitation with a spatial resolution of 1km. V SRF is
made up to 6 hours ahead by merging the for ecast precipitation with MSM and those
with the extrapolation method. Here, we introduce details of  the procedures for

producing VSRF

4.1 EXTRAPOLATION METHOD
4.1.1 MOVEMENT VECTORS

-109-



We first divide the region over Japan into 50 km grid squares . Then, a movement
vector of the precipit ation systems at a grid is estim ated with a pattern matching
method. In order to avoid the adverse influence due to orographic effects on this
estimation, time subtractions of R/A are used. 30 candidates for movement vector at
the grid with highest matching scores ar e obtained using differences between
R/A(t=0h), R/A(t=-1h), R/A(t= -2), and R/A(t=-3h) accordi ngly. After that, the most
suitable candidate vector at the grid is selected consid ering time-space smoothness.
Movement vectors gradually approach 700hPa win ds of MSM as forecast time
increases.

4.1.2 OROGRAPHIC EFFECT

Precipitation by orographic en hancement is considered as the stationary parts of
precipitation over win dward side of mountains. The al gorithm follows the concept of
seeder-feeder model (Browning & Hill,1981). A rainfall passing through the feeder
cloud, which is generated by orographic effect, is enhanced due to the cloud droplet in
the feeder cloud. Precipitable water, which is estimated with the data of temperature,
relative humidity and wind from surface to 850hPa of MSM, is used to judge whether
the feeder cloud is generated or not. If the feeder cloud is generated, the precipitation
is enhanced depending on the amount of the rainfall from the seeder cloud.

Dissipation of echo in a lee si de of mountain is also cons idered. It occurs when the
echo top is low, the angle between the direct ions of mid level and low level wind is
small, and no echoes exist at the dissipation area. The stronger the echo intensity is
and the longer the traveling ti me from mountain top to di ssipation area is, the more
effective the dissipation is. Dissipation of ec ho is estimated statistically from 700hPa
wind, 900hPa wind and relative humidity of MSM.

4.1.3 ACCUMULATION OF FORECAST INTENSITY

Initial field used for forecast is a comp osite echo intensity field obtained in the
derivation process of R/A. The echo intensity field is moved along the movement
vector derived in 4.1.1 with the time step of 2 or 5 minutes. 1-hou r precipitation at a
point is calculated as a sum of echo inte nsities passing the point. In the process,
enhancement and dissipation of precipitation due to orographic effect are considered.

4.2 MERGING OF EXTRAPOLATION METHOD AND MSM

The performance of the conventional ex trapolation method is good up to 3 to 4
forecast hours. And for the forecast time of more than 6 hours, MSM is supposed to
be better than extrapolation method. Then we can improve the 4 to 6-hour forecast by
merging the results of extrapolation method and those of MSM at their blending ratio.
Blending ratios are estimated based on accuracies of extrapolation method and MSM
respectively for the last few hours (Araki, 2000). VSRF is the output of this merging
process.
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4.3 ACCURACY OF VSRF

Critical Success Index (CSl) of VSRF, extrapolation method (EXT), MSM, and
persistent forecast (PST) for the averaged hourly precipitation from June to Augus t
2010 are shown in Fig. 3. He re the region over Japan was divided into 20 km grid
square. The threshold of rainfall is 1Tmm/hou r. It shows that VSR F distinctly has best
performance.
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Daily gauge-based precipitation analysis over Mainland China has been constructed from about
2000 gauge reports on a 0.25°lat-long grid for the 57-yr period from 1953 to 2009 following the
interpolation method named as climatology-based Optimal Interpolation proposed by XIE (Xie
et al., 2007). Investigation showed no apparent systematic differences in annual mean spatial
distribution or discontinuities in time series in the 57-yr CPAP dataset used for the different
periods. Comparisons with three widely used only-gauge-based analyses including PREC,
CRU2.1 and GPCC_V4 presented close agreements for the annual and seasonal mean
precipitation for the period of 1953-2002 over most areas in Mainland China, while large
differences were found along the northern slope of the Tianshan mountain range over the
northwest China, because of the orographic correction in our analysis. On the other hand, CPAP
captured many more extreme events and light events, while the other products showed a much
smaller number of these events. This highlights the advantage of CPAP and, in turn, the use of
the many more gauge reports than other products. Therefore we believe CPAP is a more reliable
estimate of the precipitation over mainland China than other existing products, and should be
used as a drop-in replacement for applications such as numerical model or satellite validation,
flood monitoring as well as climatological studies. Based on the evaluation, we recommend
CPAP should be used as a drop-in replacement over mainland China for other global analysis,
whenever possible. The work reported in this paper is an integral part of our efforts to construct
an analysis of hourly merged precipitation analysis in the future (Shen et al., 2010). Further work
is to extend its temporal coverage and to improve the quality of the CPAP. The dataset for the
period of 1900-1952 with only ~100 gauge reports available over mainland China is under
consideration for development. Gauge network is an important element to determine the quality
of the dataset, while the gauge distribution is very sparse over the northwestern China and the
Tibetan Plateau, the effective tool to improve the quality of the dataset over these areas is to
merge the gauge observations with the satellite precipitation products which is under way.
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1. Introduction

Accurate estimates o f pr ecipitation at both high temporal and spatial r esolutions are
required for many ap plications. W hereas rain gauge d ata ar e r outinely av ailable, they are
sparse in many important regions even over land. Many gauge stations report only 6 hourly or
even da ily r ainfall amounts. The w eather r adar ne twork ¢ ould pr ovide g ood s patial a nd
temporal co verage, b ut p roblems asso ciated w ith inter-radar c alibration a nd b lockage by
mountains still 1imit i ts a ccuracy a nd ¢ apability. R etrievals o f p recipitation from s atellite
measurements be comet hem ajor p roducts w idelyus edt odoc ument precipitation
characteristics and verification of model predictions/simulations.

There have been several global satellite rain rate products available, including Tropical
Rainfall Measuring Mission (TRMM) 3B42 (Huffman et al. 2007), NOAA Climate Prediction
Center’s morphing method (CMORPH) (Joyce et al. 2004) and the Precipitation E stimation
from R emotely S ensed Information U sing A rtificial N eural N etworks ( PERSIANN)
(Sorooshian et al. 2000). In addition, the Geostationary M eteorological Satellite-5 (GMS-5)
infrared brightness temperature (TBB) estimated rainfall dataset (hereafter the “GMS5-TBB
data”) developed by Yue et al. (2006a, b) is used operationally in Shanghai Typhoon Institute
(STI) since 2 008. A number o f efforts have been made to compare the satellite estimated
rainfall products with other direct rainfall measurements (Zhou et al. 2008). However, these
studies are usually limited to compare the monthly mean products.

Recent studies h ave sh own t hat satellite e stimated r ain r ate can r esolve t he t ropical
precipitation systems reasonably well. However, the evaluation of satellite rain estimates for
landfalling T Cs on da ily and multi-hours scales has not been carried out over China. Since
inland flooding caused by heavy rainfall from landfalling TCs is a significant threat to life and
property. It is necessary to provide a quantitative evaluation of the precipitation products from
different datasets. Such an evaluation would give the confidence for their use in TC rainfall
forecast and research.

The objective of this study is to provide an initial evaluation of the satellite precipitation
estimates for TCs affecting mainland China during 2003-2006. Both 6 hourly and 24 hourly
precipitation products from TRMM V6 3B42, CMORPH, and GMS5-TBB data are compared
with the corresponding rain gauge data.

2. Verification Method

The 3B 42, C MORPH a nd G MS5-TBB d ata are verified d irectly ag ainst t he g auge
observations because this study is focusing on the TCs-related rainfall and heavy precipitation
is very important to be truly represented as referred observations.

* This work is supported by the State 973 Program (2009CB421505).
Corresponding a uthor: Zifeng Yu, S hanghai Typhoon I nstitute, 166 Puxi R oad, X ujiahui, Shanghai 200030,
China. Email: yuzf@mail.typhoon.gov.cn.

-113-

B2-3


bgb
Typewritten Text
B2-3


A number of categorical statistics such as threat score (TS) and equitable threat score
(ETS) ar e t hen applied. The term “ca tegorical” r efers to the “y es”/”no” n ature o f the
verification at each station. Some thresholds (i.e., 1, 10, 25, 50, 100 m m) are considered to
define the transition between a rain versus no-rain e vent. Then at each gauge station, each
verification t ime i s scored as falling u nder o ne o f the f our ca tegories of correct n o-rain
estimate, false alarms, misses, or hits (Z, F, M, or H).

In addition, the correlation coefficient (CC) is calculated as below:

CC=S[Y-NX-X)] / S Y-V T (X-X)*, (1)

where X represents the observation, and Y represents the estimate, X,Y are the area mean of

X andY, respectively.
Finally, hit, bias and root mean squared error (RMSE) are also used in comparisons.

3. Comparison results of 24h rainfall

A typhoon may affect rainfall in China when its center is either over the ocean or after its
landfall. In this section, w e first analyze all c ases that affected mainland C hina r egardless
their centers w ere o ver the o cean or after landed an d then those cases after landfall o ver
mainland China during 2003-2006. A1l available 24 -h gauge rain data for the four years of
CMORPH o peration are used. There are a total of 50 T C cases w hich affected m ainland
China with 27216 r ain gauge data r ecords, w hile there are 25 TCs l anded o ver m ainland
China duringt he4y earpe riod. The 24 -hr ainfall estimates f rom 3B 42, C MORPH,
GMS5-TBB data for the 25 landed TCs are ¢ ompared with the ¢ orresponding 24-h gauge
rainfall. For landfall TCs, the skills of 3B42 and CMORPH are similar to that for all cases
(see Table 1). However, GMS5-TBB retrieved rainfall product has a much higher skill in TS
and ETS in general, especially for rainfall greater than 25 mm, than either 3B42 or CMORPH
although its CC is slightly lower than both 3B42 and CMORPH. Importantly, the GMS5 TBB
shows high skill in estimating the heavy rainfall (50 and 100 mm per day) with TS of 0.27
and 0.17, r espectively, w hile t he TS are ne ar z ero for bot h 3B 42 a nd C MORPH. T his
indicates that GMS5-TBB data product can be a good reference for heavy rainfall associated
with landfall TCs.

Table 2 shows averaged performances for the 5 categories of rainfall amount (namely,
0-1, 1-10, 10-25, 25-50, >50 mm) for 3B42, CMORPH, and GMSS5-TBB data respectively.
For 3B42 and CMORPH, their hits, bias and RMSE are still similar but 3B42 has relatively
higher hits, lower bias and smaller R MSE generally for all rainfall am ount categories. F or
light rain (0-1 mm), both 3B42 and CMORPH ov erestimate the gauge rain with a positive
bias of 1.1 and 1.0 mm, while they underestimate the non-light rainfall, especially the heavy
rain (=50 mm), with negative biases. For GMS5-TBB data, its hits are quite higher than that
of 3B42 and CMORPH, especially when the rainfall is over 50 mm, and it still has somewhat
skill with a hit rate of 5.1% for the heavy rainfall events. However, it overestimates light and
moderate rainfall (0-25 mm) with a relatively larger bias than both 3B42 and CMORPH. For
moderate and heavy rain (225 mm), the GMS5-TBB based rain data could do a better job,
with a hit rate of 0.9%, a bias of -29.7, and a RMSE of 63.2 for 100 m m rain. The bias is
about half of that from either 3B42 or CMORPH.
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To co mpare t he ab ilities of 3B 42, C MORPH, a nd GMSS5-TBB pr oducts in different
regions of China, the area of 90°E-150°E, 10°N-50°N are divided to 50 x 50 grid boxes, and
then TS and ETS are averaged in each grid box (Fig. 1).

4. Comparison results of 6h rainfall

Although GMSS5-TBB based rain dataset has higher TS and ETS scores than 3B42 and
CMORPH for rainfall of 10, 25 and 50 mm/6h, the 6-h rainfall is not as good as that for the
24-h rainfall. Its TS, ETS, and CC for 6-h rainfall become almost half of that for 24-h rainfall
too (Table 3). The TBB retrieved 6-hourly rainfall has no skill for heavy rainfall.

5. Conclusions

The results show that compared with rain data from both the 3B42 and CMORPH, the
GMSS5-TBB data show much higher skill in representing the heavy rainfall events. All three
satellite-retrieved r ainfall datasets se emt o g ive q uite reasonable 6 -h a nd 24 -h r ainfall
distributions and their skills decrease with the increase in both the latitude and the rainfall
amount in general. But they have different performance skills in reflecting rainfall of different
amounts. The T'Ss for the 24-h rainfall retrievals for landfall TCs are 0.62, 0.47, 0.35, 0.27,
0.17 for GMS5-TBB data, respectively, for 1, 10, 25, 50 and 100 mm/day while they are 0.59,
0.33,0.13,0.03, and 0.0 for the 3B42, and 0.56, 0.25, 0.07, 0.01, and 0.0 for CMORPH. It
indicates t hat 3B42 a nd CMORPH ha ve a s imilar pe rformance s kill in reflecting t he
TCs-related rainfall but the 3B42 show a little better performance in general, which would be
likely related to its gauge rain adjustment.

The datasets of 3B42 and CMORPH have overestimated the light rainfall (0-1 mm/day)
and underestimated the non-light rain (over 1 mm/day). Large differences between the 3B42
or CMORPH and GMS5-TBB products are found mainly for the heavy rainfall. Even though
the GMS5-TBB data overestimate the light and moderate rainfall and underestimate the heavy
rain l ike 3 B42 and C MORPH, it gives much i mproved h eavy r ain e stimates w ith almost
halved bias of that from 3 B42 and CMORPH products. We also find that the three satellite
products evaluated in this study are more accurate for the 24-h rainfall estimates than for the
6-h rainfall estimates.
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Table 1. TS, ETS, and CC of 3B42, CMORPH and GMS5-TBB data for 24-h rainfall

Imm 10mm 25mm 50mm 100mm
TS 0.59 0.31 0.13 0.03 0.0
3B42 ETS 0.31 0.21 0.11 0.03 0.0
All CcC 0.62
cases TS 0.55 0.23 0.06 0.01 0.0
CMORPH ETS 0.28 0.15 0.05 0.01 0.0
CcC 0.57
TS 0.59 0.33 0.13 0.03 0
3B42 ETS 0.33 0.23 0.11 0.03 0
CcC 0.66
Landfall TS 0.56 0.25 0.07 0.01 0
TCs CMORPH ETS 0.29 0.16 0.06 0.01 0
CcC 0.60
TS 0.62 0.47 0.35 0.27 0.17
TBB ETS 0.24 0.24 0.23 0.21 0.15
CC 0.51

Table 2 Average of hits, bias and RMSE for 5-category 24-h rainfall for 3B42, CMORPH and
GMSS5-TBB data

3B42 CMORPH TBB
Hits Bias | RMSE Hits Bias | RMSE Hits Bias | RMSE
8221 7720 10795
0-1 mm 1.1 33 1.0 2.9 8.3 20.8
(39.2%) (34.3%) (47.9%)
1-1 2464 182 602
0 6 -1.3 4.8 826 -1.9 4.3 ? 12.3 259
mm (10.9%) (8.1%) (26.8%)
10-2 4 2 2934
0-25 30 -10.6 12.7 59 -11.7 13.2 93 10.5 31.1
mm (2.2%) (1.2%) (13.0%)
25- 14 114
3-50 >8 -25.7 27.4 277 | 29.0 ! 3.6 35.2
mm (0.26%) (0.06%) (5.1%)
> 50 1 0 213
-74.2 86.5 -79.2 | 91.6 -29.7 63.2
mm (0.004%) (0%) (0.9%)
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Table 3. TS, ETS, and CC of 3B42, CMORPH and GMS5-TBB data for 6-h rainfall

Imm 10mm 25mm 50mm 100mm
TS 0.33 0.11 0.03 0.01 0
3B42 ETS 0.29 0.11 0.03 0.01 0
All CcC 0.40
cases TS 0.27 0.05 0.01 0 0
CMORPH ETS 0.23 0.05 0.01 0 0
CcC 0.42
TS 0.35 0.12 0.03 0.01 0
3B42 ETS 0.30 0.11 0.03 0.01 0
CcC 0.38
TS 0.30 0.06 0.01 0 0
Landfall
TC CMORPH ETS 0.24 0.06 0.01 0 0
s
CcC 0.43
TBB TS 0.27 0.18 0.12 0.07 0
ETS 0.19 0.15 0.12 0.07 0
CcC 0.37
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Fig.1. ETS for 3B42, CMORPH and GMS5-TBB 24-h rain data. (a) for 1 mm, (b) for 10 mm,
(c) for 25 mm, and (d) for 50 mm.
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Establishment of Real-time System for Daily Precipitation
Analysis over China
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Under the cooperation with the Climate Prediction Center (CPC) affiliated to National Oceanic
and Atmospheric Administration (NOAA), the real-time operational system of daily precipitation
analysis over China is established in the National Meteorological Information Center (NMIC).
This system is developed based on the daily precipitation observations over 2400 gauges which
are used to produce its analysis at the 0.25°lat/lon grid. Four modules are contained in this
system including data’s obtainment, quality control, data analysis and service. The kernel
interpolation algorithm of this system is introduced from the CPC called as the climatological
Optimal Interpolation (OI) method which can reduce the analysis error substantially arising from
the large spatial incontinuity of precipitation. Firstly, daily climatology is defined for each
station as the summation of the first 6 harmonics for the 365-calendar-day time series of the
mean daily precipitation climatology are then created by interpolating the truncated station
climatology through the algorithm of Shepard. Secondly, to account for the orographic effects,
these fields are then adjusted by the PRISM (Parameter-elevation Regressions on Independent
Slopes Model) monthly precipitation climatology data so that the monthly precipitation
accumulation of the daily climatology meets that of the PRISM while temporal variation patterns
in the original daily climatology time series are retained. Thirdly, analyzed fields of ratio of daily
precipitation to daily climatology are created by interpolating the corresponding station values
through the OI technique. Analyses of total daily precipitation are finally calculated by
multiplying the daily climatology with the daily ratio. The users can get the products in three
formats after 9:20 Local Time (1:20 UTC) through CDC website (http://cdc.cma.gov.cn). This
system runs stable with reasonable products. This dataset can be used in the field of climate
diagnostics, numerical models verifications and satellite products checking. The work reported
here is an integral part of our long-term effort to construct real-time and fine-resolution
precipitation analyses over China domain. Further improvements of the gauge-based analysis are
underway to add in bias correction for the wind effects through employment of published
correction coefficients. We welcome collaborations in improving this system by refining the
algorithm and merging with the satellite-based precipitation products.
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The representation of the rain gauges in estimating the strength of

rainfall during the “plum rain” in Anhui province
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