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Background
 Changes in precipitation and temperature patterns 

have led to an increased frequency of extreme 
weather events, including longer and more severe 
droughts with warmer global climate.

 While climate model outputs reliably simulate 
observed climate globally, biases in simulations of 
variables such as precipitation, temperature, or 
derived quantities such as evapotranspiration may 
be high in many regions. 

 We investigate the historic model performance and 
the meteorological drought projections from 
CMIP6  GCMs in warmer global climate.

Questions
 CMIP6 models’ performance against observations of 

meteorological droughts in the historical period (1950-
2014)

Increased drought in severity and frequency, particularly in regions 
of Central North America, Northern South America, the 
Mediterranean, Southern Africa, East Asia, and Australia.

Results

CMIP6 projected increases in Global Mean Surface Temperature(GMST) in the 
21st Century from prehistoric mean temperature (1850-1900). 

 The projected changes in meteorological drought 
characteristics at different levels of global warming 
(1.5°, 2°, and 3°C) from CMIP6 models.
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Observed Climate 
Data: Climate Research 
Unit (CRU) gridded time 

series (CRU TS-4)

Historical and 
projected 

Climate data: 
8 CMIP6 models

Gridded Climate variables-
-Precipitation (P), – Temperature (T), 
 -Wind (W),
– Net Solar Radiation (Rn)
– Surface Atmospheric Pressure (Ps)

Step 1 :  Calculation of PET

Step 2 :  Calculation of Drought Indices

Step 3 :  Drought Characterization

Step 4 :  Spatiotemporal changes in CMIP6 droughts

P    → Calculate Standardized Precipitation Index (SPI-6)
P-PET    → Calculate Standardized Precipitation-Evapotranspiration  

  Index (SPEI-6)

(Run Theory)
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Droughts in future periods of 
global warming reaching 

1.5°C, 2°C, and 3°C
Calculate FAO-56, Penman-Montieth Potential 
Evapotranspiration (PET) from variables.

 Projected changes in meteorological droughts:  
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 Global historical bias in CMIP6 meteorological droughts
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 Regional historical bias in CMIP6 meteorological droughts
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SPEI-6 droughts
CMIP6 models 
effectively 
capture 
average global 
drought 
characteristic
s via SPI and 
SPEI but 
exhibit 
significant 
biases in 
replicating 
extreme 
historical 
drought 
conditions.

 Regional projected changes in meteorological droughts
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Droughts projections from SPI-“precipitation only” and SPEI-
“precipitation-temperature” based indices, show significant 
divergence in future drought characteristics.
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