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Summary

In this study, a future projection of four extreme precipitation indices consists of total extreme
precipitation (R95p), extreme precipitation days (R95d), the fraction of total rainfall from events
exceeding the extreme precipitation threshold (R95pT) and extreme precipitation intensity (AEPI)
over lIran was carried out using the reference period of 1990-2014 based on the multi-model
ensemble approach and a rank-based weighting method using five models from the CMIP6 models
(MPI-ESM1-2-HR, EC-Earth3, EC-Earth3-Veg, GFDL-ESM4, and MRI-ESM2-0). The weight of
each model was calculated depending on its historical simulation skill and then weighted and
unweighted groups were used for future projections. In this study, the threshold of heavy
precipitation was calculated using percentiles, according to the method of Zhai et al. (2005). For
this purpose, at each grid point, annual rainfall data (daily rainfall greater than or equal to 1 mm)
were sorted in ascending order to obtain the sequence of annual rainfall for each year from 1990 to
2014. Then, the mean 95th percentile for the 25-year precipitation sequence at each grid point was
defined as the extreme precipitation threshold (Rwn95). It should be noted that the heavy rainfall
threshold for observations and CMIP6 models was calculated separately from observation data of
synoptic stations and from each CMIP6 model. Based on this extreme precipitation threshold, four
extreme precipitation indices were calculated. The results of the spatial skill of the simulation show
that the EC-Earth3 model with MR_taylor equal to 0.65 and with a horizontal resolution of 0.7
degrees has the best skill in simulating the spatial pattern of extreme precipitation indicators, and
the MPI-ESM1-2-HR model with MR_taylor equal to 0.5 and with a horizontal resolution of 0.938
degrees is the second suitable model among the five selected models used for simulating the spatial
pattern of extreme precipitation indices. Also, the results of the simulation time skill test show the
superiority of MPI-ESM1-2-HR and GFDL-ESM4 models with MR_IVS respectively equal to 0.6
and 0.5 compared to other studied models. It is important to note that the horizontal resolution of
the model is not the only factor that determines the skill of the model in simulating extreme
precipitation indicators in the study area. Because the model with above-average weight (>0.2) is
not a high-resolution model and improvement in physical processes which are also needed. The
results show that the probability of increasing the total extreme precipitation (R95p) and extreme
precipitation intensity (AEPI) in the study area in the period 2026-2050 under four scenarios SSP1-
2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 with values greater than 0.5 is almost certain. According to
the median value close to zero or even negative of the extreme index R95d, it is inferred that the
priority of the increase of the extreme amount of precipitation is over the number of days of
occurrence, and these extreme precipitations will occur in fewer days, which is a warning for the
flood risk. A comparison between the weighted and unweighted ensemble means shows that the
uncertainty in the study area is almost always reduced after applying the weighted scheme to future
probabilistic projections.
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