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Southeast South America is one of the regions with 
the most severe storms on the planet.  

Zipser	et	al.	(2006)	
Houze	et	al	(2015)	

 1) the storms with the greatest vertical development of the Earth; 2) the 
most intense lightning flash rates by storm; 3) the highest density of 
hailstorms in the world. That is why there is international interest in 
studying the region. 



The region has optimal conditions for the formation 
of Mesoscale Convective Systems 
	

•  Very	moist	South-
American	Low-level	jet.	

•  Mid-level	dry	air	that	
creates	a	“capping”	
inversion.	

•  Mountain	and	valley	
breezes	that	occur	in	the	
presence	of	the	Sierras	
de	Córdoba	or	the	
passage	of	fronts.	

Rasmussen	and	Houze	2016	



Ques=ons	to	be	addressed	by	RELAMPAGO-CACTI:	
•  What	are	the	life	cycles	and	environmental	characterisHcs	of	

deep,	organized,	high-impact	weather-producing	storms	
across	this	region?	How	does	it	act	to	set	the	stage	for	
hazardous	weather	and	extremes?		

•  What	are	the	physical	mechanisms	that	produce	these	
storms?		How	do	they	differ	from	similar	events	in	the	US?	
What	is	the	predictability	of	these	storms	and	associated	
hazards?	



With resources from US agencies such as the National Science 
Foundation (NSF), NASA, NOAA, in cooperation with agencies 
and institutions from Latin America for an investment amount of 
$30 million dollars from the US and $1 million dollars from 
Argentina and Brazil.  

x	 Streamflow+ADCP	



 
 
RELAMPAGO Hydrometeorology 
Component (my part) 
 
 

 1. How does land cover heterogeneity (including human-modified land 
cover) impact initiation and growth of convective precipitation at the local and 
mesoscale through land-atmosphere exchanges of moisture and energy?

2. How have changes in land cover affected the partitioning of rainfall 
between infiltration/runoff and the residence times of soil moisture and 
groundwater in the Carcara Basin’s terrestrial system?



The	RELAMPAGO-HYDROMET	team	installed	
most	of	their	instrumentaHon	in	May	of	2018.		

These	instruments	will	stay	for	one	year.	

Yellow	are	NCAR-EOL	
10meter		towers.	(15)	

Magenta	are	NCAR-RAL	
3	meter	towers.	(15)	



EOL	Towers	Measure	
-  PrecipitaHon	
-  Temperature	
-  RelaHve	Humidity	
-  Pressure	
-  Wind	speed	
-  Leaf	wetness	
-  Incoming/outgoing	short/longwave	

radiaHon.	
-  Near-surface	soil	moisture	
-  Near-surface	soil	temperature	
-  Near-surface	soil	heat	flux	
-  Near-surface	soil	heat	capacity	

-  SEVEN	towers	have	eddy	covariance	
instruments	to	measure	

-  Latent	heat	flux	
-  Sensible	heat	flux	
-  Momentum	flux	
-  Carbon	flux	

-  TEN	towers	have	disdrometers	

	

radiaHon	

Soil	temperature	

Eddy	Covariance	

Temperature	and	RH	 Precipitaiton	 Soil	Moisture	

LEAD:	NCAR-EOL	



RAL	Towers	Measure	
-  PrecipitaHon	
-  Temperature	
-  RelaHve	Humidity	
-  Pressure	
-  Wind	speed	
-  Leaf	wetness	
-  Incoming	shortwave	radiaHon.	
-  Leaf	wetness	sensor	
-  5cm	and	25cm	soil	moisture	
-  5cm	and	25cm	soil	temperature	

temperature	 Micro-radar	 Full	Tower	

Tipping-Bucket	Rain	Gauge	
Leaf	Wetness	Sensor	

LEAD:	NCAR-RAL	



In	addiHon,	during	the	RELAMPAGO	
campaign,	we	will	measure	streamflow	
in	the	upper	basin.	

We	will	use	an	
Acous=c	Doppler	
Current	Profiler	
(ADCP)	

LEAD:	UNIVERSIDAD	NACIONAL	DE	CORDOBA	+	U.	ILLINOIS		



At	the	highest	streamflow	volumes,	we	will	use	Large-Scale	
ParHcle	Image	Velocimetry.	

2.5
15.4

32.8

62.9

93.9

112.0
126.0

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

0 2 4 6

D
is
ch
ar
ge
	[m

3 /
s]

t	[min]

LEAD:	UNIVERSIDAD	NACIONAL	DE	CORDOBA	+	U.	ILLINOIS		



 
 
How this relates to ANDEX 
(in collaboration with Alejandro Martinez 
from the Universidad de Antioquia, 
Colombia). 
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Hydrometeorological	

Events	

Low-level	jets	

Complex	Topography	
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Daniel	Espinosa	y	Alejandro	Mar2nez	
Estudiante	Ingeniería	Ambiental	

GOES	13	

This	is	an	example	of	an	MCS	that	developed	southern	
Colombia	that	resulted	in	catastrophic	flooding.	



Extreme	
Hydrometeorological	

Events	

Low-level	jets	

Complex	Topography	

Intense	convecHon	

Important	land-
atmosphere	
interacHons	

Can	we	design	an	
observaHonal	+	
modeling	experiment	
to	be*er	understand	
these	interacHons	and	
improve	the	
predictability	of	
extreme	convecHon	
and	resulHng	impacts?	



Rasmussen	et	al.	(2014)	 AlHnger	de	Schwarzkopf	and	Rosso	(1982)	

The	result	are	very	strong	hydrometeorological	
impacts:	
•  Flooding	events	cover	the	region	of	subtropical	
South	America	north	of	40°S.	

•  Hail	near	the	complex	terrain	near	the	Sierras	de	
Córdoba	

•  Tornadoes	are	produced	east	of	the	Sierras	de	
Cordoba	and	the	Pampas	to	the	east.	

	



h*ps://mediaspace.illinois.edu/media/t/1_3ov58vt6	



The	data	is	available	to	view	at:		
h*ps://archive.eol.ucar.edu/docs/isf/projects/RELAMPAGO/isfs/qcdata/	


