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• Water resources

• Flash-floods

• Urban flooding

Heavy precipitation events (HPEs)

Kinneret drainage authority Google earth

Paran Stream – Reuters: 
18/1/2010
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Changes in extreme 
precipitation

Pfahl et al., 2017
Hochman et al., 2018

Zappa et al., 2015



Methodology

▪ Input: Era-Interim 
6h, ~80 km, 60 
horizontal levels

▪ Three nested 
domains, 1:5 ratio

▪ Inner domain –
convection-permitting, 
comparable to radar 
domain

Weather research and 
forecasting model (WRF)

Weather radar

▪24-yr radar data, at 1 
km, 5-min resolution

▪Quantitative 
precipitation 
estimates after Marra
& Morin (2015)

▪Pixel-based HPE 
identification

Armon et al., 2020



Example case: HPE #1

Bias = 120%; CC = 0.76; RMSE = 20 mm Armon et al., 2020; HESS2-5/11/1991



HPEs under climate change - Methodology



HPEs under climate change –
(global) future projections



• End of 21st century minus end of 
20th century

• RCP 8.5:

Δ𝑋 = ቚ𝑋𝑚𝑜𝑛𝑡ℎ
𝟐𝟎𝟕𝟒−𝟐𝟎𝟗𝟗

29𝑚𝑜𝑑𝑒𝑙𝑠
− ቚ𝑋𝑚𝑜𝑛𝑡ℎ

𝟏𝟗𝟕𝟗−𝟐𝟎𝟎𝟒

29𝑚𝑜𝑑𝑒𝑙𝑠

HPEs under climate change –
(global) future projections



Parameters changed: Surface 
pressure and temperature; wind, 
temperature and moisture profiles

HPEs under climate change 
– local projections



PGW case example: HPE #1

Historic HPE (WRF)
Mean = 21.9 mm

Future HPE (WRF-PGW)
Mean = 17.5 mm

Future – Historic
Mean = -4.4 mm

2-5/11/1991 2-5/11/2091?



HPE #1 – temporal evolution

Mean rain rate over all land pixels (WRF)
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Pixel-based max rain rate over land area (WRF)

Historic HPE
PGW HPE

Historic HPE
PGW HPE



Event durations

Mean rain rate over all land pixels (WRF)
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Max rain rate over land area

Historic HPE
PGW HPE

Historic HPE
PGW HPE

Central 90%

49:10 52:20

Historic HPEs
PGW HPEs



HPEs under climate change – Total rainfall

Historic HPE (WRF)
Mean = 600.6 mm

PGW HPE (WRF)
Mean = 484.8 mm

PGW-Historic
Mean = -20.7% mm

%



HPEs under climate change – Total rainfall

5.3 mm 3.8 mm 5.4 mm 4.1 mm 4.6 mm 3.3 mm 0.9 mm 0.5 mm

75%

25%

50%



HPEs under climate change – Max rain rates



HPEs under climate change – Max rain rates



HPEs under climate change – Max rain rate

72.1 85.5 93.2 119.4 67.2 85.5 47.1 49.1 mm h-1



HPEs under climate change – Areal coverage



HPEs under climate change – Areal coverage



Meteorological causes for changes in rainfall 
patterns (initial results)

Historic HPE #1 PGW HPE #1



Meteorological causes for changes in rainfall 
patterns (initial results)



Meteorological causes for changes in rainfall 
patterns (initial results)



Summary and conclusions

Jorge Magalhaes (distributed via imaggeo.egu.eu)

moshe.armon@mail.huji.ac.il

Rainfall during HPEs:
Is decreased by 21% on average 
(~26% over land)
But its local short-duration extremes 
gets higher by 19% on average
The events become shorter by 9%, and they are 
smaller in area (>30% difference for 1 mm threshold)

Meteorological causes for changes in rainfall 
patterns (initial results):

Cyclones become shallower
Substantial interaction of dynamic and 
thermodynamic parameters

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020GL087367

