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ZONDA WIND SEVERE 
EVENT OF 21 JULY, 2023

• SEVERE EVENT IN MENDOZA CITY WITH 
• WIND GUST : > 100 KM/H
• TEMPERATURE JUMP : 10°C IN 1 HOUR
• RELATIVE HUMIDITY : < 5% DURING 9 HOURS
• LONG DURATION : 11 HOURS
• 2 DECEASES

Zonda wind is a typical downslope windstorm (foehn type) 
over the eastern slopes of the Central Andes in Argentina. 
Most studies in this phenomena are concentrated in the 
provinces of Mendoza and San Juan. 





Luján:

Trees down: 90 
Cables cut or poles down: 41 
Roof blown off: 4 
Water tanks down: 1 
Danger of collapse: 1 
Publicity Sign down: 1 
Total: 138

Godoy Cruz:

Trees down : 104
Cables cut or poles down : 30
Roof blown off : 13
Danger of collapse : 2
Publicity Sign down : 1
Total: 150

Las Heras:

Trees down : 31
Cables cut or poles down : 28
Roof blown off : 1
Blasting of a sheet metal structure (window display of 
newspapers and magazines) causes 1 male fatality.
Danger of collapse : 1
Total: 61

Ciudad:

Trees down : 27
Cables cut or poles down : 10
Roof blown off : 1
Publicity Sign down : 2
Total: 40

Guaymallén:

Trees down : 12
Cables cut or poles down : 7
Roof blown off : 5
Total: 24
Maipú:

Cables cut or poles down : 5
Roof blown off : 1
Total: 6

San Martín:

Road accident causes one fatality and several injuries.

San Rafael:

Trees down : 1
fallen branches : 10
Total: 11

Trees down = 264

Cables cut or poles 
down = 138

Fatalities = 2

Roof blown off = 25



National Weather service Chile (METEOCHILE)
Center for Advanced 
Studies in Arid Zones 
(CEAZA) National water 

information system 
(REC_HIDRICOS) Andean 

observatory 
(IANIGLA)

National Weather 
service Argentina 
(SMN)

Available data



Data characteristics
National Weather service of Chile (METEOCHILE)

Center for Advanced 
Studies in Arid Zones 
(CEAZA)

Andean 
observatory 
(IANIGLA)
National Weather 
service Argentina 
(SMN)

Minute and hourly data. (wide range and spatial 
distribution)
Quite Good network but need quality control

Hourly data. (wide time range, but short spatial distribution)
Wind speed usually at 5m not at 10m, so intepolation is needed
need quality control

National water 
information system 
(REC_HIDRICOS)

4 daily data 0, 4, 12 and 16 LT. (not always). Need quality control
Almost all station are in valleys (model terrain height might not be correct)

Hourly data. (short range, 2018-
2023/4)
Need quality control
Lot of missing data

Hourly data and vertical soundings. (wide time range, 
but scarse station distribution). No need quality 
control

Models Used: ERA5 single levels (0.25°)    ERA5 land (0.125°)   
  WRF (2km)



Mendoza Airport Mendoza Observatory

The event
National Weather 
service Argentina 
(SMN)



ValidationVery good agreement 
windward!

ERA5 Reanalysis pressure levels
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• No high Zonda wind before 
the event

• Lower wind speed at almost 
all levels

• Zonda event persist in 
ERA5 Reanalysis

Not so good agreement 
leeward!
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g
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Validation

Warmer bias at low altitude 
stations and colder bias at 
high altitudes stations.

Lower RMSE at low altitude 
station and higher RMSE at 
high altitudes.

2m Temperature

ERA5 single levels                     ERA5 land                            
WRF 2km

BIAS

RMSE



Validation

ERA5 single levels                     ERA5 land                            
WRF 2km

2m Dewpoint

Good correlation for lower 
altitudes in Chilean side

High altitude stations with dry 
bias for ERA5 and wet for WRF 
model. Dry bias where the Zonda 
blows with better agreement for 
ERA5 land model.

Lower RMSE at low altitude 
station and higher RMSE at high 
altitudes and Zonda stations.

BIAS

RMSE



Validation10m windspeed
Good correlation for lower altitudes 
in Chilean side

Larger differences in beetwen 
ERA5 land, with lower wind speed 
and ERA5 single levels, with higher 
wind speed at high altitudes

WRF pressent higher winds speed 
and no so good representation of 
wind speed in general (BIAS and 
RMSE)

ERA reanalysis present negative 
bias in Zonda stations

Lower RMSE at low altitude station 
and higher RMSE at high altitudes

ERA5 single levels                     ERA5 land                            
WRF 2km



ECMWF HIRES 
Forecast 
Validation2023-07-19 12 UTC ecmwf_HIRES forecast 
for Mendoza Airport

Good agreement leeward before the event
Not so good during and after the event.
• Zonda event in ecmwf model starts 

later, at 2023-07-21 23 UTC and 
continues for 3 more hours.

The event was predicted by the model!! 
(while reanalysis don’t)

BIAS 2m TEMP = -0.63
BIAS 2m DEWPOINT = -15.9
BIAS REL. HUMIDITY = 32.1
BIAS 10m WIND SPEED = -4.4 

RMSE 2m TEMP = 4.98
RMSE 2m DEWPOINT = 17.4
RMSE REL. HUMIDITY = 18.9
RMSE 10m WIND SPEED = 4.3



Conclusions
Models/reanalysis represent better:

• Windward than leeward
• Lower altitudes  than high altitudes
• 2m temperature than humidity and 

winds

ERA5 land has better results than 
ERA5 single levels reanalysis
Both has problems to represent the 
event, but was forecasted in 
ecmwf_HIRES.  



What we do?
• Find the events
• Use of vertical 

soundings and 
synoptic fingerprints 
to forecast yes/no 
Zonda wind

• Trajectory análisis to 
understand the 
mechanisms in 
temperature 
changes



Zonda predictability?  and probability Index? EFI and ANF 
(ensambles)

Trajectory análisis? Understand better the phenomena?

Altitude correction method for WRF and ERA’s models?

Other posible data to ingest? Aircraft Meteorological Data Relay 
(AMDAR)

What left to do?
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