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ABSTRACT 
In this report, the global relationship between cloud height and lightning activity is examined using data from the 
Tropical Rainfall Measuring Mission (TRMM) satellite. Coincident data from the Precipitation Radar (PR) and 
Lightning Imaging Sensor (LIS) aboard the TRMM satellite are used to examine whether lightning flash rate is 
proportional to the height of the storm. Firstly, we analyzed the relationship between the radar storm height and the 
flash rate. Second, the relationship between vertical profile of radar reflectivity and the flash rate is examined. Finally, 
new relationships to predict global lightning activity for various seasons and locations are obtained.  
 
INTRODUCTION 

The relationship between flash rate and storm height has been investigated to relate lightning production with 
the meteorological aspects of thunderstorms [1], and to infer global thunderstorm characteristics from cloud observation 
[2]. Physical basis to support the relationship comes from the theory that the flash rate is strongly affected by the 

strength of the charge separation and the geometry of the 
charge distribution, in which vertical air motion plays a 
fundamental role. Hence, flash rate is expected to depend on 
the intensity of vertical air motion that is closely related to 
the storm height. Williams [1985] [3] suggests that the flash 
rate is a function of fifth power of the storm height, based on 
modification of the scaling law by Vonnegut [1963][4], and 
then shows the fifth power dependencies from three separate 
sets of field measurements in the United States during four 
different years [1][5][6]. Although the fifth power law has 
been verified through several case studies based on ground 
observation, the relationship is based on the very small 
samples of data for physically different parameters and prior 
studies are regionally and instrumentally limited.  

The tropical Rainfall Measuring Mission (TRMM) 
satellite was launched into an orbit on 28 November 1997. 
The Lightning Imaging Sensor (LIS) [7] on TRMM enable us 
to observe lightning on a storm scale (5 km) and to estimate 
the flash rate during its overpasses approximately 80 seconds. 
On the other hand, the Precipitation Radar (PR) on TRMM 
observes the horizontal and vertical structure of the cloud 
including storm height. Since the TRMM/PR and LIS 
observe the same thunderstorms simultaneously from space, 
the instantaneous relationship between cloud height and flash 
rate for the same thunderstorm can be derived on a global 
basis. In this study, we examine the relationship between 
thunderstorm height and flash rate over the globe. To begin 
with, the relationship over the US is stated and compared 
with earlier results. Next, the relationship between height of 

Fig. 1. One example of thunderstorm observed by

PR and LIS 



the storm for several different dBz's and the flash rate is examined. Finally, new relationships to predict global lightning 
activity for various seasons and locations are obtained. 
 
INSTRUMENTATION 

In this study, the relationship between storm height and flash rate is addressed. Both measurements are taken 
by the Tropical Rainfall Measuring Mission (TRMM) satellite at a 35 degree inclination and altitude of 350 km.  
The TRMM satellite instruments used in this study are : 

a. Precipitation Radar (PR), which is a space borne radar operated at 13.8 GHz. The radar has 4 km 
horizontal and 250 m vertical resolution over a 220 km swath. The minimum detectable Z is about 16 to 18 dBz, 
considering the system noise, and S/N ratio. 

b. Lightning Imaging Sensor (LIS), which is an optical sensor to detect and locate lightning. The sensor has a 
total Field of View (FOV) of about 600*600 km2, a nadir pixel resolution of 4 km, and a view time of at most 83 
seconds.  
 
ANALYSIS 
Figure 1 shows one example of a thunderstorm observed by PR and LIS on August 1, 1998 in central Africa. The upper 
panel shows the radar reflectivity in a horizontal plane at an altitude of 5 km with LIS flashes indicated by 'X'. The 
lower panel shows the vertical cross section of the reflectivity through the storm as indicated in the upper panel. The 
thunderstorm exceeds 15 km height, and exhibits a reflectivity of 35 dBZ at 9 km, 4 km above the freezing level. 
Around the 45 dBz reflectivity of the thunderstorm, 6 flashes are seen during the 83 second LIS overpasses. The flash 
rate is obtained by dividing the total number of flash by total duration of observation time for the cell. In this case, 
6/83=0.072 flashes/second is obtained. Cells are identified based on "areas" in the LIS version 4 (V4) data sets. "Areas" 
are distinct regions of the earth that have one or more flashes in a given orbit. Physically they are roughly meant to be 
the thunderstorm cells generating lightning flashes. Simply, the storm height is obtained by looking for the maximum 
height of the minimum radar echo above the noise level( roughly 20 dBz) over the cell.  

Figure 2 shows the relationship between flash 
rate and storm height over the US by ground observation 
[5][6], and by TRMM/PR/LIS. The triangles are obtained 
by averaging the flash rate every 1 km cloud height in the 
same way as Williams [1985][3]. Any slowly flashing 
storm that fails to produce a flash during the (roughly) 83 
seconds LIS views it will be counted as non-flashing. Due 
to this truncation, the mean flash rate at the low end tends 
to be high-biased. In order to avoid bias of the linear fitting, 
only flash rate greater than 2 fl/min are used in the fits. In 
figure 2, both pictures show the similar overall trend. Taller 
thunderstorm tend to have higher flash rate with large 
scatter. There is a delineated region of the (flash 
rate)-(storm height) parameter space, and the thunderstorm 
with lower flash rates tend to have cloud height with larger 
scatter. The slope value of 5.1 by "instantaneous" satellite 
observation is slightly higher than the slope of 4.7 by 
ground observation. For more details of the results in this 
paragaraph, please refer the [10].  
 Since the relationship between flash rate and 
storm height is quite non-linear with large variance, other 
parameters which modulate the relationship should be 
considered. In this paragraph, we deal with the relationship 
between vertical profile of maximum radar reflectivity 
factor (VPRR) and flash rate. High reflectivity region of 
convective storm is a indicator of the existence of large 
particles supported by updrafts, where strong 
electrification occurs. Hence, the VPRR reflects the degree 
of electrification that is closely related to flash rate. In fact, 
Zipser et al. [1994] shows the usefulness of the VPRR as 

 

Fig. 2 (a)(b) Storm height vs flash rate over the US 



an indicator of the storm intensity and lightning probability from the observation in Oklahoma and Darwin. Is the 
VPRR pattern related to the flash rate for the numerous thunderstorms over the globe observed by the TRMM? In figure 
3, VPRR over continent in middle latitude and over ocean in tropics are shown. Note that the VPRR patterns do not 
differ greatly for each case but changes according to the flash rate. When the height of the 35 dBz is over 6-7 km 
(roughly –10 degrees region), the storm produces lightning and its flash rate is roughly proportional to the height of the 
each dBz’s.  
 Although the flash rate is related to storm height and the VPRR, the present analysis does not give useful 
information for predicting flash rate from storm parameter. For example, in order to predict lightning flash rate from 
infrared storm height observed by geostationary satellite, we need the relationship between storm height and flash rate 
including both lightning producing and non-lightning producing thunderstorm. In this paragraph, we present the 

relationships for various regimes and seasons 
including both lightning producing and 
non-lightning producing thunderstorms by 
taking a different analytical approach. First, 
we identify thunderstorm cell by grouping 
each radar reflectivity factor of convective 
rainfall type. The discrimination for 
convective and stratiform is done based on 
the product information on TRMM 2A23 
product. Second, we add the number of flash, 
the duration of observation of the cell and 
height of the storm for each thunderstorm cell 

identified in a orbit. Third, we obtain the flash 
rate by dividing the number of flashes by the 
total duration of observation for each 
thunderstorm height. In this manner, the 
relationships between storm height and flash 
rate are obtained for various locations and 
seasons. The map of regimes identified for the 
entire globe is shown in figure 4. This regional 
definition is based on Mohr et al. [1999] [9]. In 
figure 5, the relationships between storm height 
and flash rate for the regimes are shown. Note 
that the slopes do not greatly differ, but the 
y-intercept changes from regimes to regimes 
significantly, ranging from 10e-13 to 10e-9. For 
the estimation of lightning flash rate from the 
storm height, the value of y-intercept is more 
changeable rather than that of slopes.  

Figure 3 (a) VPRR on middle latitude over land.  (b) VPRR on tropics over ocean. 

Fig. 4. Map of regimes for the analysis.
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Fig. 5. Flash rate vs storm height for the regimes
identified in fig. 4.  
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