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 Electrified clouds thought to play major role in supplying 

current to Global Electric Circuit (GEC) 

- Lightning and non-lightning producing clouds  

 Contribution of different cloud types not entirely known 

- Correlation between storm dynamics, mixed phase 

microphysics (0oC to -40oC) and associated lightning 

 Currently no comprehensive model of GEC 

 Goals of this study:  

- Compare high resolution model output from the Community 

Earth System Model (CESM) with reanalysis data from the 

NCAR Climate Four Dimensional Data Assimilation (CFDDA) 

system and precipitation feature data from Tropical Rainfall 

Measuring Mission (TRMM) for different time scales 

- Determine whether model has skill at representing storm 

properties and associated currents  

- Use CESM current parameterization to investigate variability 

of currents for different geographical regions and time scales 

that observations may not allow 

 Both CESM CMF and IWP agree well with the geographical patterns of inferred TRMM currents 

 CMF shows positive correlation to TRMM currents and the relationship is similar for land and coastal regimes 

but different for oceanic regimes, IWP shows considerably more scatter and coastal regions have steepest 

slope. 

 Precipitation is regime dependent with oceanic regions having the least increase in rain rates versus current  

 The Carnegie curve derived from CESM convective mass flux shows a maximum 4 hours early and the 

amplitude is smaller at  6% variation about the mean  

 CESM high-resolution, free-running simulation for June 

2005 using CAM5 

- High-resolution simulation nudged with GEOS-5 reanalysis 

underway for future analysis 

 CFDDA, global reanalysis based on the PSU/NCAR 

Mesoscale Model (MM5)  

 TRMM currents determined using precipitation and cloud 

feature database from Liu et al. (2010) 

- Storm counts multiplied by mean current estimates from 

Mach et al. (2010) for thunderstorms and electrified shower 

clouds: 1.7A and 0.41A over oceans,  and 1.0 A and 0.13 A 

over land 

 Separated data based on geographic location: Land: > 

90% land in grid box, ocean: < 10% land, coast: 10% - 

90% land 

 Variables: Convective mass flux above 850 hPa (CMF), 

ice water path (IWP) above 500 hPa, and total 

precipitation rate 

Figure 1. TRMM current distribution (top), CESM CMF 

(middle), and CESM IWP (bottom) for June. 

3. Results –  June Maps  
 

 

Figure 3. TRMM currents vs. CESM CMF (top) and IWP 

(bottom) for oceans (left), land (middle) and coasts (right) for 

June.   

Figure 4. TRMM currents vs. CESM (top) and CFDDA 

(bottom) total precipitation rate for oceans (left), land (middle) 

and coasts (right). 

2. Methodology 

 

1. Introduction 4. Results – Scatterplots  
 

 

Figure 5. The Carnegie curve (purple), diurnal thunderday 

variation (green), and diurnal global flash rate variation (red), 

from Mach et al. 2011 (left). A daily Carnegie curve using 

CESM CMF averaged globally across June (middle).  The 

monthly variation in CMF averaged globally for June (right).   

Figure 2. Total precipitation rate averaged over June 

2005 for CESM (top) and CFDDA (bottom). 

5. Conclusions   
 

 


