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Variability 

Thunderstorms in 



Why Do We Care? 

The 23-year (1979-2001) annual mean precipitation (mm day-1) based 
on satellite, rain gauge, and radar data (Adler et al. 2003; their Fig. 4) 



Why Do We Care? 

1) Precipitation over the Amazon is 
an important driver of the global 
circulation. 

↓ 
2)  Most global climate models do a 
poor job of simulating the 
magnitude and spatial variability of 
precipitation over the Amazon. 

↓ 
3) Errors in simulated precipitation 
→ errors in the global circulation → 
uncertainties in projections of 
future climate. 



How Do We Move Forward? 

Big Picture Goal 
Improve the representation of precipitation over the 

Amazon in climate models. 

[Nice] Picture from www.badgermountainsouth.com 



How Do We Move Forward? 

Medium Picture Goal 
Make observations of clouds and precipitation over 

the Amazon and use them to try to understand what 
is driving the system and tripping the models up. 

Picture from Badger Mountain Challenge 



How Do We Move Forward? 

Medium Picture Goal 
Make observations of clouds and precipitation over 

the Amazon and use them to try to understand what 
is driving the system and tripping the models up. 

The DOE Atmospheric 
Radiation Measurement 

(ARM) Mobile Facility 
(AMF) is currently 

deployed to the Amazon 
for a 2-year period. 

 



How Do We Move Forward? 

Medium Picture Goal 
Make observations of clouds and precipitation over 

the Amazon and use them to try to understand what 
is driving the system and tripping the models up. 

Manaus, 
Brazil 



How Do We Move Forward? 

Medium Picture Goal 
Make observations of clouds and precipitation over 

the Amazon and use them to try to understand what 
is driving the system and tripping the models up. 

Time-Series of Radar Reflectivity, 20 March 2014 



How Do We Move Forward? 



How Do We Move Forward? 

My Contribution 
Provide spatial context to aid in the interpretation of 

the point measurements made at the observation 
sites during the GoAmazon2014/5 field campaign. 

Picture from www.hiketricities.com 



Datasets 
Multiyear (2000-2014) seasonal composites of 

thunderstorm frequency from satellites using cold cloud 

tops (infrared brightness temperature [IR Tb] < 240 K) 

as a proxy for storms: 

  -  30 min native temporal resolution 

  -  4 km x 4 km native spatial resolution 

Seasons 
Showing results from Mar-Apr-May. Patterns are 

similar during Dec-Jan-Feb, but are not present during 

the dry seasons. 

Methods Overview 



Last Minute Background Info 

Land-Sea Breezes: Localized circulations driven by differential 
heating over land versus over water. 

Cooler Cooler 

Warmer 



Diurnal Cycle Near Manaus 
1) The diurnal cycle of thunderstorm frequency near the T3 site results from a 

superposition of local and non-local elements. 



Diurnal Cycle Near Manaus 

TIME 

Thunderstorm 
Frequency 

1) The diurnal cycle of thunderstorm frequency near the T3 site results from a 

superposition of local and non-local elements. Leftover storms from the 

sea-breeze front happen to be in-phase with the background diurnal cycle. 

DOE Site (T3) 

Comparison Sites 



Diurnal Cycle Near Manaus 

ARM Site (T3) 
Upwind Sample 

Downwind Sample 

1) The diurnal cycle of thunderstorm frequency near the T3 site results from a 

superposition of local and non-local elements. Leftover storms from the 

sea-breeze front happen to be in-phase with the background diurnal cycle. 



Impact of the Rivers 
2) River-breeze circulations have a clear and persistent impact on 

thunderstorm frequency. 



Impact of the Rivers 
2) River-breeze circulations have a clear and persistent impact on 

thunderstorm frequency. 

Monthly-mean 
afternoon cloud 

frequency 
 

[Fig. 1c from 
Fitzjarrald et al. 2008] 



Impact of the Rivers 
2) River-breeze circulations have a clear and persistent impact on 

thunderstorm frequency. The sites on the eastern banks of the Negro River 

have up to 10% more frequent thunderstorms compared to the T3 site. 

Convergence 

Background 
winds are 
from the 

east… 



Summary 

Conclusions 
1) The diurnal cycle of thunderstorm frequency near the T3 site 

results from a superposition of local and non-local elements. 

Leftover storms from the sea-breeze front happen to be in-

phase with the background diurnal cycle. 
 

2) River-breeze circulations have a clear and persistent impact 

on thunderstorm frequency. The sites on the eastern banks of 

the Negro River have up to 10% more frequent thunderstorms 

compared to the T3 site. 

Goal 
Provide spatial context to aid in the interpretation of the point 

measurements made at the observation sites during the 

GoAmazon2014/5 field campaign. 


