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Introduction Trend and drought analysis

The rainfall time series obser- Figure 1 Figure 3 To inspect whether climate change may increase the drought frequency in the future The rainfall time series in Bologna is a unique opportu-
ved in Bologna (Italy) is one of we refer to Guo and Montanari (2022) who recently presented a drought frequency stu- nity to study the impact of climate change and long
the longest daily precipitation 1000 N' h 1000 dy for Bologna by using climatic scenarios provided by 13 General Circulation Models. term climatic behaviours in the region.
records available. _ | ﬂ[ m They applied run theory (Yevjevich, 1967) to annual rainfall to characterise drought We found that overall, no relevant change of annual
Dating back to 1813 with no g 500 H .H H g 'M “ | M Nr T* w \r J\ events in terms of drought frequency, duration, severity and intensity. rainfall is found during the observation period.
’ missing values, the time series 5 Hl “ “ N M | A H h ﬁ‘ \ i ﬁ J In their application of run theory, the long term mean rainfall Rir is adopted as the However:
spans over 208 years. £ ) A i “N Mj AT M | | t o o threshold to identify positive or negative runs (see Fig. 4). If rainfall in a given year is There is compelling evidence in the data of the pre-
As such, it provides a valuable 2 600 v f' L ﬂ i 1” \/ | \ﬁ ( | “ ! below an assigned threshold Tiwer < Rir @ negative run is started. An annual rainfall hi- sence of long term cycles, originating multi-vear
opportunity to evaluate long Lé ! v \‘ J v gher than Rir fixes th.e clos..ure of the run. If the interval between two negative runs is droughts.
term trends of rainfall statistics, thus offering informa- S 400 y r only one year and rainfall in that year Is below a selected threshold Tupper > Rir the two .
. oo ! bined. Finall l hich h q : ot q The prediction of future features of long term drou-
. . : . ghts is affected by relevant uncertainty (Guo and
term (more than 3 years) droughts. 500 N termined as multiyear drought events. Guo and Montanari (2022) adopted 20% more Montanari. 2022)
1813 1850 1900 1950 2000 2022 E and 10% less than RLT as Tupper Tiower. ' . .
Vear = Results are presented in Table 2 for SSP2.6 and SSP8.5 emission scenarios, for obser- Under glofbal warr:mr.lg, ﬁrofughts are expected to oc-
Data Figure 2 § ved data, multi-model ensemble and each considered model. For more details see cur more frequently In the future.
v : There iIs a consistent decreasing trend in annual rain-
Rainfall observation in Bologna at daily time scale da- 1600 ¥ Guo and Montanari (2022) : ®
) S . f : , d : fall in the past 20 years.
tes back to 1714. Since 1813 the series Is continuous. 2 Figure 4 (from Guo and Montanari, 2022)
et bt . i th \‘ ) 3 + Rainfall The years 2020, 2021, 2022 and (so far) 2023 are cha-
A Tascinating history of the time Sfenes e}n ¢ .e me- E i - racterized by very low annual rainfall.
thods used to find and fix apparent inconsistencies are =1200 ﬂ “ .. her | q hi?
provided by Bru netti et al. (2001). g \ 1 f W d t z M l “ Drought interruption Are we EXpe“enCJng anOt er Ong term roug t.
In order to correct the apparent underestimation of g w / V | }/ - IH J H i 1950 2000 2022 / " orought durston Therefore:
rainfall during the periods 1813-1858, 1900-1928, and E 300 * | \ U h 1 e B T SRR FRRN BERSRRRERRRIS S . In view of the key role of groundwater resources du-
1813-1978, Brunetti et al. (2001) proposed monthly cor- = | “ | L\ ean v ring (and their potential to recover from) long term
rection factors, which were estimated by making a com- s b8 et i | - droughts, it Is compelling to better inspect the su-
parison with other monthly series. To avoid introducing stainability of water uses in the region to avoid am-
- : ‘_ lification of the impact of climate change.
spuru?us bias, we analyse the raw data thajc are avai 4001813 1850 1900 1950 1991 p p g
lable In the European Climate Assessment Daily Databa- \/ D —_D——————————_Pppp__p_yyy_y_—_—__.
se (ECA & D) (httpS.//ClImekanmlnl/) The time series Year 2000 2022 d:_r;i;?:liz:is Multi-year drought event
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XIX century and the period 1930-1950. It seems that
rainfall in Bologna is indeed underestimated from 1813
to 1857, but actually a similar drought pattern is obser-
ved in the first half of the XX century. These long term
droughts look consistently more severe in Bologna with
respect to Milan, thus highlighting a significant and

Regarding the recent past, precipitation in 2022 was higher than 2021 and 2020. Rainfall so far observed in
2023 is rather lower than the respective seasonal average, thus raising concerns on the overall duration of

the current drought.

Table 1

The unit of drought frequency is (times/year) and the unit of drought duration is (years). OBS and HIS are observed data and historical simulation. MME is multi-model

ensemble mean and different numbers indicate different models: 1. ACCESS-CM2:; 2. CMCC-ESM2; 3.CanESMS5; 4 EC-Earth3-Veg-LR; 5. FGOALS-g3: 6.
GFDL-ESM4; 7. INM-CM4-8; 8. INM-CM5-0; 9. IPSL-CM6A-LRE:; 10. MIROC6; 11. MPI-ESM1-2-LR; 12. MRI-ESM2-0; 13. NorESM2-MM.

The results show the limited capability of models and the multi-model ensemble to
reproduce drought frequency for Bologna. In fact, observed data provide a more criti-

cal picture in terms of long term droughts.

concerning climatic feature. Overall, we conclude that the occurrence of past severe droughts in Bologna and the

We point out that droughts in Northern Italy, while Period Slope (mm/year) P-value decreasing trend of annual rainfall that was observed in the recent past point out a re-

being of a large scale atmospheric process, may exhibit 2003-2022 -18.94 0.010 levant drought risk for the region. In fact there is no reason to exclude that past drou-

small spatial scale behaviours that may reflect local en- 1973-2022 -1.65 0.349 ght events may occur again, if one also considers the impact of climate change.

vironmental conditions. 1923-2022 1.38 0.036 Water supply in the Bologna region heavily relies on groundwater resources, which

Whether the data are corrected or not, it looks like long 1813-2022 0.67 0.001 however may be severely impacted by a long term drought. In fact, the presence of a The tower of the Specola observatory in Bologna where

multi-layered aquifer with possibly long recharge (and recovery) time may imply that
the impact of drought events may last well beyond the duration of the drought itself.

the first rain gauge was located (By Paolo Monti - Avai-
lable in the BEIC digital library, CC BY-SA 4.0).

term droughts are a concerning threat for the Bologna
region.
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