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Motivation:Motivation:
• Is there any difference in DSD between 

precipitation type?
• What kind of the vertical structure ?

• What mechanism causes the difference?

• Is there any dependence of the relationship 
between integrated rain parameters on 
precipitation type?



Introduction
The measurements of drop-size distributions are 

important for many meteorological applications, 
including estimation of rainfall, precipitating cloud 
microphysics studies, and cloud model initialization 
and verification 
(Cifelli et al., 2000; Tokay et al., 2003). 

In particular, accurate estimates of area rainfall 
through radar measurements benefit from the 
knowledge of the drop size distribution 
(Tokay et al., 2001) .



A network of disdrometer, rain gauge 
and Doppler radar site in the northern 
area of Taiwan.



MethodologyMethodology

• Ulbrich et. al(1983)：Gamma Distribution

• Testud et. al(2001)：Normolized N0 



DSD observed at NCU with 
2DVD in different rainfall rate 
and different seasons in Taiwan.



DSD observed at NCU with 
2DVD in different rainfall 
rate and different weather 
systems in Taiwan.



D0-R Scatter diagrams with JWD at NCU, Nan-Gang, Shi-Men 
and Sia-Yun Stations during 2004 Typhoon season.



D0 increases with increasing rainfall rate. However, the D0
remains the value about 1.7 mm when the rainfall rate is 
greater than 60 mm/hr. 

The median volume diameter (D0) vs rainfall rate (mm/hr) in 
different reflectivity.
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The reflectivity, rainfall rate, N0, μ, Λ, A, b, D0 and NW for type A and B.

Six DSD data sets with reflectivity near 50 dBZ were divided into two groups 
according to their rainfall rate. (Type A> 85mm/hr, type B< 65mm/hr). 

Type A has more raindrops with higher NW than type B. Type A has more small 
raindrops than type B, and the rainfall rate of type B are only half to type A.



The raindrop size distribution of type A and B (blue and red solid line). 

Type A has more raindrops with higher NW than type B. Type A has more small 
raindrops than type B, and the rainfall rate of type B are only half to type A.



The scatterplot of rainfall rate and reflectivity calculated from 
DSD and classified by D0 .

The Z-R relations are function of the variety of medium volume diameter 
distribution



The one hour precipitation accumulation derived from corrected Z-R and 
corrected reflectivity (color shaded), and the surface rainfall rate observation 
(digital numbers).

The classified Z-R relations derived from disdrometer was applied to estimate 
the rainfall rate from the radar reflectivity

The area rainfall accumulation is quite satisfactory by using the disdrometer
derived Z-R relation and corrected radar reflectivity.



Deployment of Instruments[2]Deployment of Instruments[2]
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黑線：2DVD
綠線：JWD1
黃線：JWD2
藍線：JWD3
紫線：JWD4
紅線：JWD5



May 6 case
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紅線：JWD5

solid：strati.
dash：convec.

Drop Size Diameter [mm]

C
o

n
ce

n
tr

a
ti

o
n

 [
m

-3
m

m
-3

]



Spatial deploymentSpatial deployment
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Stage 2: SupersiteStage 2: Supersite
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Deep ConvectiveDeep Convective
2008/06/02



StratiformStratiform PrecipitationPrecipitation
2008/06/16



Shallow ConvectiveShallow Convective
2008/06/12



Drop size Distribution of Different Precipitation TypeDrop size Distribution of Different Precipitation Type

Biggest drop size case

Biggest drop size case (2008/05/31) : exceed 7 mm



5/22~28
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5/29 MCS
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Precipitation ClassificationPrecipitation Classification

• Tokay et. al(1996) ：N0-R
• Bringi et. al(2003)：SD
• Testud et. al(2001)：10 minutes data
• Chang et. al(2009)：

stratiform：R < 20 mm/hr
convective： R > 20 mm/hr



個案討論個案討論(1)5/31(1)5/31

(a) N0-R

(b)  Bringi

(c)  Testud



5/31 0200~0800(Z)5/31 0200~0800(Z)
ZHZH

Mu和la在降雨率大時值較小。



5/
31

 0
20

0~
08

00
5/

31
 0

20
0~

08
00

ZD
R

ZD
R



Case 6/2Case 6/2
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Bringi et. al(2003)
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Precipitation ClassificationPrecipitation Classification

‧Rain rate R > 20 (Tokay et al, 1999)

‧N0-R   (Tokay and Short, 1996)

‧DVG(Doppler velocity gradient)  and      

MSW(maximum spectral width) 

(Williams et al.  1995)



R>20



N0-R



DVG 1 MSW3.5
六月份混合降水

6~7km有
上升速度



DVG 1 MSW3.5
六月份層狀降水



DVG 1 MSW3.5
六月份對流降水



SummarySummary
• The heavy rain events are mostly composed of small and median 

raindrops rather than big raindrops.

• The median volume diameter increases with increasing rainfall 
rate, but the median volume diameter remains about 1.7 mm when 
the rainfall rate greater than 60 mm/hr.

• The microphysics process of collision and breakup may be the 
main reason for this unique D0 value.

• The modified Z-R relations were applied to the corrected 
reflectivity to improve the Z-R relation rainfall estimations.

• The area rainfall accumulation is quite satisfactory by using the 
disdrometer derived Z-R relation and corrected radar reflectivity.



SummarySummary
• We use the NCUISS/UHF radar to   collect very useful data for the study  of 

monsoon flow  and precipitating cloud microphysical processes.

• Some types of precipitation  (Deep convective, shallow convective, 
stratiform precipitation and cumulus cloud) were observed in TIMREX using 
UHF radar and distrometers, and show some quite different vertical 
structure of  refrectivity , vertical motion and  surface DSDs distribution.

• Future work 
– quality control of other JWD distrometers
– Compare the rainfall spacial characters using different distrometers.
– Microphysical process accompanied with precipitatig cloud development will be 

investigaated using profiler , TEAM-R , S-Pol and disdrometer network.
– The structure of boundary layer and local circulation associated with different weather 

regimes will be discussed in the coming days.


