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Landfalling typhoons often bring heavy rainfall, which is easy to cause floods and urban waterlogging that

can produce serious casualties and economic losses. Enhancing typhoon quantitative precipitation

estimation (QPE) and quantitative precipitation forecast (QPF) capabilities are critical to typhoon

“disaster prevention, mitigation and relief”. However, the current QPE and QPF skills still lag behind

track and intensity forecast. Improving understanding of typhoon precipitation microphysics

characteristics (e.g., raindrop size distribution (DSD)) and its evolution are the key factors to improve

typhoon QPE and QPF skills. 

Compared with ordinary Doppler weather radar, the new added observations (e.g., differential reflectivity (

ZDR), specific differential phase (KDP)) of polarimetric radar depend on the number, size, shape, spectrum

distribution of hydrometeor, and so on. The polarimetric radar observations can provide high temporal

resolution information regarding the evolution of DSD. 

Typhoon Ewiniar made landfall three times, and the third time landfall at 1300 UTC 7 May 2018 in

Yangjiang, Guangdong Province, China, as a tropical storm. The maximum rainfall reached 785 mm,

resulting in 5 people death in Guangdong Province and a direct economic loss of 460 million RMB. 

Typhoon Ewiniar moved inland, weakened, and passed over several intensive observation sites of South

China Cloud Physics and Heavy Rainfall Field Experiment Base. During this period, the Typhoon Ewiniar

was well captured by two S-band polarimetric radars and six third-generation two-dimensional video

distrometers (2DVD) located in Guangdong Province. The precipitation microphysical characteristics and

its evolution of Typhoon Ewiniar are analyzed based on S-band polarimetric radars and 2DVD

distrometers observations. 

Apart from DSDs observations by the 2DVDs at field experiment base, the DSDs are also retrieved from

S-band polarimetric radar by using constrained gamma (C-G) model proposed by Zhang et al. [2001] and

Liu et al. [2018]. The shape-solpe constraining relationship: Λ=0.0241μ2+0.867μ+2.453. Relying on

the S-band polarimetric radar measurements of ZH and ZDR, the gamma (Γ) size distribution parameters (

N0 , μ, and Λ) can be retrieved. The results show that polarimetric radar retrievals of DSDs were close to

the 2DVD observations, and the overall accuracy of the retrieval scheme was high. A Zrain-ZDP relation was

used to estimate rain portion of ZH, and the relative contents of ice and water were calculated. 

According to the characteristics of precipitation features in Ewiniar detected by radar, the selected annuli

were 15-50 km for the eyewall (EW), 50-90 km for the inner rainbands (IR), and 90-180 km for the outer

rainbands (OR). Wind shear vectors were interpolated to each radar scan time, defining the four storm

quadrants: downshear right (DR), downshear left (DL), upshear right (UR), and upshear left (UL). 

Frequency of occurrences (color shaded) of mass-weight mean diameter (Dm) and normalized intercept

parameter (Nw) of the retrieved DSDs from S-band polarimetric radar at coastal landfall and inland

maintenance periods are shown in Fig. 1. The mean values of Dm of EW, IR and OR during coastal landfall

period are 1.40 mm, 1.43 mm, and 1.47 mm, respectively. During inland maintenance period, the average

raindrop sizes increase in all three regions of typhoon. The mean values of Dm of EW, IR and OR are 1.51

mm, 1.54 mm, and 1.52 mm, respectively. The mean raindrop sizes of EW and IR during coastal landfall

period are obviously smaller than that during inland maintenance period. During inland maintenance
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period, the raindrop concentration of EW has declined rapidly, and logarithmic Nw has decrease from 3.93

to 3.58 compare with coastal landfall period. On the contrary, the raindrop concentration of OR has

significantly increased, and logarithmic Nw has increased from 3.63 to 4.03. 

Compare with landfall period, the proportion of rainfall rate over 10 mm h-1 at EW region during

maintenance period has dropped from about 40% to 20%. The proportion has increased from 26% to

about 40% for IR region, and has obviously increased from 25% to 56% for OR region. 

The observation results of Yangjiang and Guangzhou S-band polarimetric radar show that typhoon Ewiniar

has a significant asymmetric structure. The precipitation mainly distribute on the downshear left (DL) and

downshear right (DR) quadrant s, and most of them are convective precipitation. The precipitation on the

upshear left (UL) and upshear right (UR) quadrant s are less, and most of them are stratiform precipitation.

In the DL quadrant of EW area during coastal landfall period, vertical profile of radar reflectivity is

strongest, with average value of 40 dBZ. The retrieved liquid/ice water contents are also highest in this

quadrant, with average LWC of about 1.3 g m-3 and IWC of about 0.1 g m-3. During inland maintenance

period, the radar echoes are weakened overall, and average LWC is less than 0.5 g m-3. In the DR

quadrant of IR and OR during inland maintenance period, vertical profile of radar reflectivity are obviously

stronger than that during coastal maintenance period, with average LWC increase from 0.6 g m-3 to 1.2 g

m-3 and 0.5 g m-3 to.1.3 g m-3, respectively. 

During inland maintenance period, the major cities in the Pearl River Delta (PRD) region are located in the

DR quadrant of IR and OR of typhoon Ewiniar. The raindrop sizes of these areas are large, and the

concentrations of raindrops and LWC are very high, with slowly moving of typhoon, which resulting in

heavy rainfall and severe urban waterlogging and flooding in PRD region.
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