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Trends in the Tropical Nights Index (TN > 20°C) over 1988 to 2017

Days/decade

1988-2017
reference period 1961-1990
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1988-2017
reference period 1988-2017
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y = 0.9107x - 17.216

R² = 0.6324

y = 0.9107x - 53.85

R² = 0.6324
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Anomalies in the number of days when minimum temperature 
was above 20 oC (TN>20 oC, tropical nights)



Upward facing red triangles represent increasing

trends. Filled triangles mark significant changes

(p≤0.05; units: days/decade). Circle denote no trend.

(Yosef et al., 2021)

Warm Spell Duration Index (WSDI) trends over 1988-2017

WSDI: Annual count of days with 

at least 6 consecutive days when 

TX>90th percentile

1988-2017
reference period 1988-2017

1988-2017
reference period 1961-1990
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▪ Homogenization procedure.

▪ Short overview on extreme temperature 

percentile-based indices.

▪ Results – Examples of Warm/Cold spell duration, 

Warm/Cold days and nights indices.

▪ Conclusions

OUTLINES





Index Indicator name Definitions ET Unit

TX10p Cool days Percentage of days when TX<10th percentile ETCCDI %

TX90p Warm days Percentage of days when TX>90th percentile ETCCDI %

TN10p Cool nights
Percentage of days when TN<10th

percentile
ETCCDI %

TN90p Warm nights
Percentage of days when TN>90th

percentile
ETCCDI %

WSDI
Warm spell 

duration indicator

Annual count of days with at least 6 

consecutive days when TX>90th percentile
ETCCDI Days

WSDI3
Warm spell 

duration indicator

Annual count of days with at least 3 

consecutive days when TX>90th percentile
ET-SCI Days

CSDI
Cold spell 

duration indicator

Annual count of days with at least 6 

consecutive days when TN<10th percentile
ETCCDI Days

CSDI3
Cold spell 

duration indicator

Annual count of days with at least 3 

consecutive days when TN<10th percentile
ET-SCI Days

Percentile-based extreme indices recommended by the 
Expert Team on Climate Change Detection and Indices (ETCCDI) & 

Expert Team on Sector-specific Climate Indices (ET-SCI)

And more…

These indices help provide a standardized method for tracking 
changes in climate extremes globally



(Zhang et al., 2005. Base period, 1971-2000) (Alexander et al., 2006, Base period 1961-1990)



(Vincent & Mekis, 2006. Base period1961-1990) (Barry et al., 2018. Base period 1981-2010)



(Zwiers et al., 2013. Base period1961-1990) (Dunn et al., 2020. Base period1961-1990 and 1981-2010)



CIMP6: Warm Spell Duration Index – WSDI

(Babaousmail et al., 2022. Base period 1995-2014)
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Calculating Percentiles based indices

5 Days X 30 Years = 
150 records

1, 2, 3, 4, 5, 6, 7, 8,…,365

1, 2, 3, 4, 5, 6, 7, 8,…,365

Reference period 
(length 30 years)

10% 90%

And a bootstrap procedure by Zhang et al. [2005] was applied to ensure that there are no artificial jumps 
at the boundaries of the in-base and out-of-base period.



Black lines, 
percentiles derived 
from 1961-1990

Red lines, 90th

percentile derived 
from 1988-2017

Blue lines, 10th

percentile derived 
from 1988-2017

The upper curves denote the 90th percentile

and the lower curves denote the 10th

percentiles (Yosef et al., 2021).

The percentile-based thresholds derived from two base periods 

Jerusalem –
Mountainous region



Black lines, 
percentiles derived 
from 1961-1990

Red lines, 90th

percentile derived 
from 1988-2017

Blue lines, 10th

percentile derived 
from 1988-2017

The percentile-based thresholds derived from two base periods 

The distribution of the differences when subtracting the 
threshold of each day in the warm period 1988–2017 from 
the cooler period 1961–1990, at the 10th and the 90th 
percentiles.

Bet Dagan – Coastal plain

Mean deviation: 0.8 to 1.0°C



ISRAEL REGIONAL AVERAGED ANOMALY MEAN TEMPERATURE
(RELATIVE TO 1961-1990)



Warm Spell Duration Index (WSDI) trends over 1988-2017

WSDI: Annual count of days with 

at least 6 consecutive days when 

TX>90th percentile

1988-2017
reference period 1988-2017

1988-2017
reference period 1961-1990

Different trends



Regional averaged anomaly series - WSDI 

Base-period 1988-2017
(Days/decade)

1961-1990 8.03

1988-2017 1.5
(warmer)

(cooler)

• The Mechanics: Deriving percentiles from a distribution shifted to the right results in higher thresholds that need to be exceeded.
• The Result: A modern base period forces extreme events to cross a higher threshold, artificially suppressing the count of warm days.



Cold Spell Duration Index (CSDI3) trends over 1988-2017

CSDI3: Annual count of days with 

at least 3 consecutive days when 

TN<10th percentile

1988-2017 
reference period 1961-1990

1988-2017 
reference period 1988-2017

(Yosef et al., 2021) 

Different trends



Regional averaged anomaly series – CSDI3 

(Yosef et al., 2021) 

Base-period 1988-2017
(Days/decades)

1961-1990 -2.04

1988-2017 -6.76
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All panels show 
the trends for 

1988-2017

Cool 
Days

Cool 
Nights

Warm 
Days

Warm 
Nights The annual trends in the frequency of:

TX10p (cool days)

TX90p (warm days)

TN10p (cool nights)

TN90p (warm nights)

(unit: % / decade).

(Yosef et al., 2021) 



Red lines, percentile 
derived from 1988-2017

Blue lines, percentile 
derived from 1961-1990

Regional averaged anomaly series 

• Modern baselines dramatically diminish the positive trend 

magnitude of warm indices.

• Modern baselines strongly amplify the negative trend 

magnitude of cold indices.



• As baseline temperatures rise, more recent 

and warmer reference periods systematically 

underestimate the severity of extremes.

• Shifting from a 1961–1990 to a 1991–2020 

baseline can reduce reported heatwave 

frequency by up to 12 days per summer and 

intensity by up to 2.0 °C in southern Europe.

Saturation of Percentile Based Indices:

• Under continued warming, percentile based

indices approach their limits (0% or 100%)

and lose sensitivity to further changes in
extremes.

• Updating reference periods is therefore

essential to maintain their usefulness.



Beer Sheva station (Israel) – ICON-EC-EARTH (2.5 km), 

SSP5-8.5. Base period 1980-2014 (Zipori & Yosef)

Projected Saturation of Percentile Based Temperature Indices 

under Continued Warming

TX10p (cool days)

TX90p (warm days)

TN10p (cool nights)

TN90p (warm nights)



For more information:

https://rmets.onlinelibrary.wiley.com/doi/abs/

10.1002/joc.6125

https://rmets.onlinelibrary.wiley.com/

doi/abs/10.1002/joc.6740?af=R

https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.6125
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.6125
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.6740?af=R
https://rmets.onlinelibrary.wiley.com/doi/abs/10.1002/joc.6740?af=R


CONCLUSIONS

Different trends



yosefy@ims.gov.il

Thank you for your attention!

As we continue to experience accelerated warming, the 

way we interpret and calculate percentile-based climate 

indices must evolve. The choice of the base period is not 

just a technical matter; it requires continuous updates.
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