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Definition of Climatic-impact drivers (CIDs)

from The IPCC Sixth Assessment Report (WG1- Chapter 1 and Annex VI) :

Climatic impact-drivers (CIDs) are physical climate system 

conditions (e.g., means, events, extremes) that affect an 

element of society or ecosystems.  In contrast to the term 

“hazards”, it provides a more value-neutral characterization of 

climatic changes that may be relevant for understanding 

potential impacts, without pre-judging
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Definition of Climatic-impact drivers (CIDs)

from The IPCC Sixth Assessment Report (WG1- Chapter 1 and Annex VI) :

‘Extremes’ are a category of CID, corresponding to unusual events with 
respect to the range of observed values of the variable.

ØClimatic impact-drivers may not be related only to 
extremes;

‘Climatic impact-driver indices’ are numerically computable indices using 
one or a combination of climate variables designed to measure the intensity 
of the climatic impact-driver, or the probability of exceedance of a threshold.

Ø Indices are, in principle, computable from observations, 
reanalyses or model simulations, although it is important to 
consider scale in comparing across datasets. For example, an extreme 
precipitation event has a lower magnitude across a large grid cell than it 
would at a single station within that grid cell.
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A complete set of 
extreme indices has 
been identified  in the 
IPCC Sixth Assessment 
Report: 

IPCC, 2021: Annex VI: Climatic Impact-driver and Extreme Indices [Gutiérrez J.M., R. Ranasinghe, A.C. Ruane, R. Vautard (eds.)]. In Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekçi, R. Yu, 
and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 2205–2214, doi:10.1017/9781009157896.020.



CID categories are identified on 
the basis of relevance for risks and 
impacts and available literature. 
They are classified into seven 
types: heat and cold, wet and dry, 
wind, snow and ice, coastal, 
open ocean, and other

IPCC, 2021: Annex VI: Climatic Impact-driver and Extreme Indices [Gutiérrez J.M., R. Ranasinghe, A.C. Ruane, R. Vautard (eds.)]. In Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 
Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekçi, R. 
Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 2205–2214, doi:10.1017/9781009157896.020.





The aim is to define a stakeholder-relevant set of extreme and 
hazard indicators for Europe, assessing locally-relevant tipping points 
and thresholds under different scenarios.

Instead of the classic Time of Emergence, a new approach based 
on Global Warming Levels (GWLs) has been applied, in order to 
overcome the dependency from the emissions pathways and the 
single models.  
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The method: from ToE to GToE
• Time of Emergence (ToE)  is an indicator of the magnitude of the climate change signal 

relative to the background variability.

• There is no single metric for ToE. It depends on user-driven choices of variables, space 
and time scales, the baseline relative to which changes are measured, and the 
threshold at which emergence is defined (Kirtman et al. 2013). 

• For OBSERVATIONS, the noise is the interannual variability; 

• when dealing with an ENSEMBLE OF MODELS, the inter-models’ spread should be 
considered too; 

• moreover, GCMs can refer to the pre-industrial period as the reference; RCMs should 
consider a more recent period since there is no avaliablity of data before 1970.

• >> TOE assessment is affected by methodological choices!
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The method: from ToE to GToE
• The Global Temperature of Emergence (GToE) is an alternative to the ToE 

concept: by replacing time with global mean temperature, it makes no 
difference among models and emission pathways and it is more directly 
aligned with climate policy targets! 

The GToE is thus defined on the basis of thresholds of temperature, 
the Global Warming Levels (GWLs), expressed as changes in surface 
global temperature relative to the period 1850-1900.



The climate response pattern for the 
20-year period around when 
individual simulations reach a given 
GWL are averaged across all models 
and scenarios that reach that GWL. 

The approach based on Global Warming Levels (GWLs) is applied, in order to overcome the 
dependency from the emissions pathways and the single models.  

The time when a given simulation reaches a GWL, for example, +2C, relative to 1850–1900 is taken as the 
time when the central year of a 20-year running mean first reaches that level of warming. See the dots for 
+2C, and how not all simulations reach all levels of warming. 
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An example of GWLs calculation: 



Selection of hazard indicators
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Hazard Indicators: Definitions

v TX25: N. Summer days
v TN20: N. Tropical nights
v RX1DAY: highest 1-day precip
v NDD: N. dry days
v CDDmax/mean: consecutive dry days
v CWDmax: consecutive wet days
v HI41: Heat Index
v CoolDD & HeatDD: Cooling and Heating Degree days
v DF: Drought Frequency 
v FWI : Fire weather Index
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Hazard Indicators: Definitions

CDD: Cooling degree days, a measure of the energy
consumption for cooling in hot environments. It is based
on the daily mean, maximum and minimum temperature
and it is computed as in Spinoni et al. (2015), except that
here the sum is cumulated over the whole year (instead of
6 months) so that it applies to both Hemispheres.

Input: daily min. 
max and mean 
temperature! 
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Hazard Indicators: Definitions

CDD: Cooling degree days, a measure of the energy
consumption for cooling in hot environments. It is based
on the daily mean, maximum and minimum temperature
and it is computed as in Spinoni et al. (2015), except that
here the sum is cumulated over the whole year (instead of
6 months) so that it applies to both Hemispheres.

Input: daily min. 
max and mean 
temperature! Given	a	threshold	Tb=22°C	

Then:
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Hazard Indicators: Definitions

HDD: Heating Degree Days: similarly to the CDD, it is 
the energy demand for heating and it is computed as in 
Spinoni et al. (2015), but for the whole year.
.

Input: daily min. 
max and mean 
temperature! 
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Hazard Indicators: Definitions

HDD: Heating Degree Days: similarly to the CDD, it is 
the energy demand for heating and it is computed as in 
Spinoni et al. (2015), but for the whole year.
.

Input: daily min. 
max and mean 
temperature! 

Given	a	threshold	Tb=	15.5°C 

Then:
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Hazard Indicators: Definitions

SPI-6: the Standardized Precipitation Index (for a 
time window of 6 months): a drought starts in the month 
when SPI-6 falls below −1 and it ends when SPI-6 returns to 
positive values for at least two consecutive months, as in 
Spinoni et al. (2014).
.

Input: monthly 
precipitation!

Drought Frequency (DF): the total 
number of drought events in a decade 
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Hazard Indicators: Definitions

Heat Index (HI41- NOAA): it is a widely used measure 
of apparent temperature that accounts for the effects of 
humidity using Steadman’s model of human 
thermoregulation.

Input: 
DAILY Hurs, 
tasmax;
or:
HOURLY hurs 
and tas!

It is well-defined for most combinations of high temperature 
and humidity experienced on Earth in the preindustrial 
climate, but global warming is increasingly generating 
conditions for which the heat index is undefined!
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Hazard Indicators: Definitions

Entended Heat Index (HI41): here, Steadman’s 
thermoregulation model is extended to define the heat 
index for all combinations of temperature and humidity, 
allowing for an assessment of Earth’s future habitability.
(Lu and Romps, 2022)

To illustrate the change in the heat index under 
different
warming scenarios, two other distributions are 
plotted by adding either 5 (blue) or 10 (dark blue) 
K to the SGP summer-time temperatures while 
keeping the relative humidities fixed.
The change in the heat index is not a simple 
translation as the distribution in temperature–
humidity space but
has a nonlinear response to warming. 

Input: 
DAILY Hurs, 
tasmax;
or:
HOURLY hurs 
and tas!
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Hazard Indicators: Definitions

Entended Heat Index (HI41): here, Steadman’s 
thermoregulation model is extended to define the heat 
index for all combinations of temperature and humidity, 
allowing for an assessment of Earth’s future habitability.
(Lu and Romps, 2022)

v https://iopscience.iop.org/article/10.1088/1748-9326/ac8945/pdf

v https://romps.berkeley.edu/papers/pubs-2020-heatindex.html

Here you can read on the comparison between the “standard” Heat Index and the 
“extended” one:

Here there are fortran and python scripts to compute the HI:

Input: 
DAILY Hurs, 
tasmax;
or:
HOURLY hurs 
and tas!

https://iopscience.iop.org/article/10.1088/1748-9326/ac8945/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ac8945/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ac8945/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/ac8945/pdf
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
https://romps.berkeley.edu/papers/pubs-2020-heatindex.html
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GWL1.0 GWL1.5 GWL2.0 GWL3.0 GWL4.0

TX25

HI41

TN20
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GWL1.0 GWL1.5 GWL2.0 GWL3.0 GWL4.0

DF

FWI
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GWL1.0 GWL1.5 GWL2.0 GWL3.0 GWL4.0

NDD

RX1DAY

CWD



Input: 
DAILY hurs, 
tasmax, sfwind, 
precipitation!



Record wildfires in 
Spain and Portugal 
this August!!
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The method: the probability to cross the GToE

We applied a standard method  based on the signal-to-noise ratio 
exceedance of a specified threshold (taken as one) (Hawkins and Sutton, 
2012), but enriched with the condition for the “change robustness”: 
a grid-point emergence occurs when the forced change is considered 
robust, that is when at least 66% of the models have a signal-to-noise ratio 
greater than one and at least 80% of them agree on the sign of change. 
The signal-to-noise ratio is estimated for each model from the ratio 
between the change and the standard deviation of non-overlapping 20-
year means of the corresponding pre-industrial simulation; 
for Euro-CORDEX simulations, the reference period for the standard 
deviation will be 1970-1999.

The probability of reaching a specific GWL threshold is then estimated for 
each Climatic Impact Driver (CID) and each region of interest. 
We will use GWL 1.0, 1.5, 2.0, 3.0 and 4.0 as thresholds and we will evaluate 
the probability of crossing them for the CIDs chosen as representative of 
the climate stress in a particular region. 
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GWL1.0 GWL1.5 GWL2.0 GWL3.0 GWL4.0     

 
  

  

     

     

     

     

the combination of the two conditions: at least 66% of the models have a 
signal-to-noise ratio greater than one and at least 80% of them agree on the 

sign of change 
TX35
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Let’s start with the indices calculation: 
what do we need?

v daily time series of climatic variables (i.e.: maximum 
temperature and precipitation) for the  historical period and 
the future scenario;

v GWLs timeslices of each model of my ensemble;
v CDO/NCO libraries to compute indices;



CDO-ECA

We are going to use a set of CDO 
operators to compute climate 
indices of daily temperature and 
precipitation extreme developed 
in the frame of European Climate 
Assessment (ECA) project.

https://earth.bsc.es/gitlab/ces/cdo/raw/b4f0edf2d5c87630ed4c5ddee5a4992e3e08b06a/doc/cdo_eca.pdf

https://earth.bsc.es/gitlab/ces/cdo/raw/b4f0edf2d5c87630ed4c5ddee5a4992e3e08b06a/doc/cdo_eca.pdf
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Where are the data you can use? 

v /home/esp-shared-a/GlobalModels/CMIP5/daily/historical 
v /home/esp-shared-a/GlobalModels/CMIP5/daily/rcp26
v /home/esp-shared-a/GlobalModels/CMIP5/daily/rcp85

v  /home/clima-archive5/CMIP6/${mod}/historical
v /home/clima-archive5/CMIP6/${mod}/ssp585
v /home/clima-archive5/CMIP6/${mod}/ssp126
v /home/clima-archive5/CMIP6/${mod}/ssp370

v /home/esp-shared-a/RegionalModels/CORDEX/EUR-
11/historical/

v /home/esp-shared-a/RegionalModels/CORDEX/EUR-11/rcp26/
v /home/esp-shared-a/RegionalModels/CORDEX/EUR-11/rcp85/
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PREPARE the data:

1. Daily time series of the variables (pr, tas, tasmax, tasmin... )
2. Convert the units in the correct ones if needed!! 

e.g.: cdo mulc,86400 infile.nc outfile.nc (to change units from "kg m-2 s-1" 
to “mm/day”)
        cdo subc,273.15 infile.nc outfile.nc (to change units from “Kelvin” to 
“degrees Celsius”)

3. Select the Reference period (e.g.: 1995-2014):
    cdo -selyear,1995/2014 infile.nc outfile.nc

4. Select the timeslices in the future according to the GWL for a given 
scenario:

• search for the CMIP5/CMIP6 driver of your data in:

 
/home/netapp-clima-
scratch/fraffael/WORKSHOP/cmip5_warming_lev
els_all_ens_1850_1900_MIX-EUR11.csv
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Searching for GWLs: 
If you open “cmip5_warming_levels_all_ens_1850_1900_MIX-EUR11.csv”: 

model, ensemble, exp, warming_level, start_year, end_year
HadGEM2-ES r1i1p1 rcp85 4.0 2063 2082
HadGEM2-ES r2i1p1 rcp85 4.0 2063 2082
HadGEM2-ES r3i1p1 rcp85 4.0 2063 2082
HadGEM2-ES r4i1p1 rcp85 4.0 2060 2079
IPSL-CM5A-LR r1i1p1 rcp85 4.0 2056 2075
IPSL-CM5A-LR r2i1p1 rcp85 4.0 2057 2076
IPSL-CM5A-LR r3i1p1 rcp85 4.0 2056 2075
IPSL-CM5A-LR r4i1p1 rcp85 4.0 2054 2073
IPSL-CM5A-MR r1i1p1 rcp85 4.0 2057 2076
IPSL-CM5B-LR r1i1p1 rcp85 4.0 2075 2094
MPI-ESM-LR r1i1p1 rcp85 4.0 2072 2091
MPI-ESM-LR r2i1p1 rcp85 4.0 2071 2090
MPI-ESM-LR r3i1p1 rcp85 4.0 2071 2090
MPI-ESM-MR r1i1p1 rcp85 4.0 2073 2092
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PREPARE the data:

5. Compute the index using the daily values  for the reference and future 
timeslices

6. Compute the mean of each period: 

  cdo timmean tx35_ref.nc tx35_ref-mean.nc
  cdo timmean tx35_gwl4.0.nc tx35_gwl4.0-mean.nc

7. Compute the change: 
  
  cdo sub tx35_gwl4.0-mean.nc tx35_ref-mean.nc tx35_gwl4.0ch.nc

    
 



52

How can I compute some of the indices 
seen so far? 

v  Here: /home/netapp-clima-scratch/fraffael/WORKSHOP/recipes/ 

CDDmax.readme  CoolDD.readme  CWDmax.readme 

HeatDD.readme  NDD.readme  RX1DAY.readme  

TN20.readme  TX25.readme

PAY ATTENTION to the description files: 
they tell you the units you need to use to 

compute a specific index.


