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Outline
• Monsoon weather hazards 
• Convective-permitting modeling and monsoon 

meteorology
• High resolution modeling approach, performance
• Changes in atmospheric environment, extreme 

weather
• Information translation
• Concluding points
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Monsoon Severe Weather Hazards
Effects of Anthropogenic Climate Change?
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Forecast concerns
• Precipitation amount

• Precipitation intensity
• Wind gusts (outflow 

boundaries)
• Spatial location

• Timing



Conditions in Atmosphere for 
Strong Monsoon Thunderstorms

• Thermodynamic 
• Instability 
• Moisture

• Dynamic
• Lifting
• Wind shear
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Methodological approach using regional 
convective-permitting modeling
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Daily Average Precipitation 
Modeled vs. Observations

6

Reanalysis CMIP5 MPI-ECAHM6

Luong et al. (2017, J. Appl. Meteor. Climatol.)
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WRF = Weather Research and Forecasting Model
NCEP = National Center for Environmental Prediction
CMIP = Coupled Model Intercomparison Project (i.e. Intergovernmental Panel on Climate Change Projection global climate models)



Timing of Peak Convective Rainfall 
Model versus Observations
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Luong et al. (2017, J. Appl. Meteor. Climatol.)

High resolution model (2.5 km)

Coarse resolution model (35 km)

Observations

Peak Rainfall (LT)

5 am – 11 am

11 am – 5 pm

5 pm – 11 pm

11 pm – 5 am



Atmospheric Thermodynamic Conditions 
Changes During the Last 30 Years

• Long-term modeled and 
observed increases in 
instability, precipitable 
water

• Changes can be 
attributed to 
(anthropogenic) climate 
change
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CAPE = Convective Available Potential Energy (i.e. instability)
PW = Precipitable water



Lahmers et al. (2016, J. Climate)

Atmospheric Dynamic Conditions
Changes over late 20th century

• The monsoon ridge has 
expanded

• Upper level disturbance 
displaced further south 
of the Southwest U.S. 

• Less frequency of 
organized convective 
events in Arizona, but 
these events will be 
more intense 
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Distribution of Extreme Daily Precipitation
Lower Frequency, More Intense Events 
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Luong et al. (2017, J. Appl. Meteor. and Climatol.)

Notes: Historical past = 1950-1970; present day = 1990-2010
Results shown are for Phoenix, Arizona (PHX)



Significant Changes: Extreme Precipitation
Largest Increase in Southwest Arizona

11Luong et al. (2017, J. Appl. Meteor. and Climatol.)

Note: 1950-1970 vs. 1990-2010

WRF model: Δx = 2.5 km (CPM) Station observations

mm/day mm/day



Extreme Downdraft Wind Speed 
Significant Change
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Luong et al. (2017, J. Appl. Meteor. and Climatol.)

Note: Timeframes 1950-1970 vs. 1990-2010

WRF-NCEP reanalysis model results

m/s



Precipitation 
Significant Change, Ensemble of Four CMIP3 and CMIP5 
Global Climate Models

13Castro et al. (in prep)

Note: Time period is 2021-2040 minus 1991-2010

Mean trend from model ensemble Extreme trend from model ensemble

mm/daymm/day



Precipitation Intensity and Duration
Significant Percentage Changes

WRF NCEP

1990-2010 minus 1950-1970

WRF CMIP Ensemble Average

2021-2040 minus 1990-2010
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Concluding Points
• There has been a long term increase in atmospheric 

moisture and instability in recent decades, due to 
anthropogenic climate change

• The more favorable thermodynamic environment is 
causing monsoon thunderstorms to be more extreme, 
though they are becoming less frequent

• High resolution atmospheric modeling is able to pinpoint 
southwestern Arizona as a local ‘hot spot’ where 
monsoon storms are now more intense, and this trend is 
projected to continue

• The model information generated by this work is at a 
spatial scale that is informative for decision making and 
conforms to weather watch and warning criteria
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News Headlines, Awards
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