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Climate change can profoundly 
affect the Earth’s hydrologic cycle 

Slow smooth process 

Highly localized 
fast process process 



Observed trend in global temperature  
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Global temperature projections  



Global warming is generally expected to lead to 
increased global precipitation while relative humidity 

remains relatively unchanged  
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Observed global precipitation 
trends are still unclear 



Temperature and precipitation projections 
show large variability at regional scales 



Observed regional  
precipitation trends  
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Observed trends in  
precipitation  

characteristics 

IPCC 2007: “More intense and longer 
droughts have been observed over 
wider areas since the 1970s” 

IPCC 2007: “The frequency of heavy 
precipitation events has increased 
over most land areas” 



Trend in the global number of 
catastrophic events 
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Projected changes in precipitation characteristics 
IPCC (2007) 



Is it possible that changes 
in the hydrologic cycle due 

to global warming might 
manifest themselves 

primarily as changes in  
hydroclimatic regimes? 



Global warming might lead to 
more intense, more frequent events 

Warmer 

Colder 



… or to  
less intense, more frequent events 

Warmer 

Colder 



… or yet to  
more intense, less frequent events 

Warmer 

Colder 



Giorgi et al. (2011), hypothesis:  
The increases in dry day frequency 

and precipitation intensity are deeply 
interconnected and can be seen as a combined 

hydroclimatic signature of global warming 

Define an index of hydroclimatic intensity that combines 
precipitation intensity and dry spell length 

HY-INT = I • DSL 
I = Normalized Precipitation Intensity 
DSL = Normalized Dry Spell Length 

HY-INT is NOT an index of extremes 
HY-INT is calculated from daily precipitation on an annual basis 



Giorgi et al. (2014):  
Extend the work of Giorgi et al. (2011) 

using new models (CMIP5) and observations 
along with an analysis multiple  

interconnected hydroclimatic indices 

SDII= Mean intensity of precipitation events 
R95= Fraction of precipitation above the 95th percentile 

DSL= Mean dry spell length 
WSL= Mean wet spell length 

PA= Precipitation area 
HY-INT~ SDII x DSL 

All indices are calculated on an annual basis 



CMIP5 models analyzed (RCP8.5) 



Observations:  
Climate Prediction Center (CPC) 
Unified Gauge-Based Analysis of 

Global Daily Precipitation 

Gauge-based, land only 
Global coverage 

0.5 Degree resolution 
1979-2005 period 

Chen et al. (2008a,b) 



Ensemble average precipitation change 
for the selected CMIP5 models 



Ensemble average trend in the 6 indices 
for the future period 2005-2100 (RCP8.5) 



Ensemble average and inter-model SD of 
the trend in the six indices 

(2005-2100,RCP8.5) over different regions 



Time evolution of the six indices averaged 
over the tropical region (RCP8.5) 



Observed trend in the 6 indices 
for the period 1979-2005 



Ensemble average simulated trend in the 
6 indices for the period 1976-2005 



Observed, ensemble average and inter-model  
SD of the trend in the six indices 

(1976-2005) over different regions 



Hydroclimatic response to global warming 
emerging from the analysis of multiple 

interconnected indices 



A diagnostic explanation of this response. 
ECHAM5 model, A1B scenario 

% change per degree of 
global warming 



Summary  
•  A regime shift towards more intense, shorter, less frequent 

and less widespread precipitation events appears to be a 
robust response to global warming  

•  Observations for the late decades of the 20th century appear 
to generally confirm this response 

•  The HY-INT, R95 and (to a lesser extent) PA indices show the 
most spatially consistent and pronounced response   

•  This finding has applications in model evaluation and 
detection/attribution work (in addition to hydrologic impacts) 

•  Understanding of this hydroclimatic shift might provide key 
information on the inherent behavior of the Earth’s hydrologic 
cycle, tropical convection likely playing a key role in it    
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