
Precipitation in a  
changing climate

Resources:
- Global warming science: chapter 12
- Global physical climatology: chapter 5











Wet and dry regions

Tropics

- Wet regions found 
where mean wind 
ascent (convection)

- Dry regions found 
where mean wind 
descent (subsidence)

Extra-Tropics

- Seasonal variability

- Extra-tropical weather 
that carries relatively 
warm and moist air 
from the oceans to land



Precipitation response to climate change

● Mean precipitation response

● Extreme events: droughts and floods











Italy droughts



Extreme weather: Droughts

https://www.youtube.com/watch?v=vhO0LgEvxW0 

https://www.youtube.com/watch?v=vhO0LgEvxW0




Definitions



Relevant processes
Soil moisture: Amount of water stored in soil (bucket model for soil)

Evapotranspiration: The sum of evaporation from the soil plus evaporation from 
stomata in leaves that is bed by transpiration (i.e., movement of water within plants 
from roots to leaves)

Potential evapotranspiration (PET): The amount of evapotranspiration that would 
have occurred given the meteorological conditions (wind, air temperature, 
humidity, insolation) if the surface water source was not a limiting factor (i.e., 
“demand” for evaporation determined by meteorological conditions)

Palmer Drought Severity Index (PSDI): Ranges from -10 (dry) to +10 (wet) with 
values < -3 representing severe droughts. 
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From tree 
rings in USA



PSDI 
formula



























Observations and future projections 
of droughts

Test cases:

- California
- Sahel
- Global perspective



Droughts regional 
predictions are 
uncertain



Detection of climate change in droughts 
(and other extreme events)

Palmer Drought Severity Index (PSDI): Ranges from -10 (dry) to +10 (wet) with 
values < -3 representing severe droughts. 

From tree 
rings in USA



When is a trend significant?



Statistical significance of a linear trend

The goal is to test whether 
the slope     is significantly 
different from zero, which 
would indicate a trend.



























Parametric test for statistical significance of a linear trend

● Perform linear regression

● Determine the degrees of freedom

● Look up the p-value using the Student’s t distribution

● Accept or reject the null hypothesis 



Non parametric statistical analysis of a trend

There are three drought years (PSDI < -2) in the last three decades of the 
record, which only extends to year 2000. How unusual is such a period?



Non-parametric testing

1. Shuffle the data points in 
the time series 

2. Calculate the number of 
droughts in the last 
decades in the shuffled 
time series

3. Repeat a high number of 
times (e.g., 10k 
realizations)

4. Calculated the 
Probability Distribution 
Function of the number 
of drought years











https://www.youtube.com/watch?v=fbyK1z1_W4s&t=135s 

https://www.youtube.com/watch?v=fbyK1z1_W4s&t=135s






















Weakening and poleward expansion of the Hadley circulation





Wet get wetter, dry get drier












