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1. Introduction and Overview 

Name Developers Kind of data Temporal res-
olution Spatial extent Spatial resolution Duration 

EOBS ECA & D Gridded observations Day Europe  10 km 1991-2020 

ARCIS ISPRA Gridded observations Day Northern Italy  5 km 1991-2020 
GRIPHO ICTP [2] Gridded observations Hourly Italy  3 km 2001-2016 
ERA5-LAND ECMWF Reanalysis Hourly Global  9 km 1991-2020 
CERRA ECMWF Reanalysis Sub-daily Europe  5.5 km 1991-2020 
MOLOCH-ISAC ISAC-CNR Downscaling Hourly Italy  1.8 km 1991-2020 
LAMMA LAMMA [3] Downscaling Hourly Italy  2.5 km 1991-2020 
MERIDA-HRES RSE [4] Reanalysis Hourly Italy  4 km 1991-2020 

2.  Data 

4. Precipitation Validation Results 

3. Methods 
A selection of statistical indices (Table 2) is used to assess the model’s skill in reproducing seasonal precipi-

tation patterns. We focus on JJA and SON, which effectively represent the behavior across all seasons . 

Index Definition Unit 
Mean Mean daily precipitation mm/day 

Frequency Wet day/hour frequency (fraction of wet days/hours per sea-
son)  (fraction) 

Intensity Wet day/hour intensity mm/day - mm/hour 
Heavy Precipitation (p99, 
p99.9) 

99th (99.9th) percentile of all daily/hourly precipitation events 
(wet and dry) mm/day - mm/hour 

Probability Density Function 
(PDF) 

Normalized frequency of precipitation events within a certain 
bin - 

Relative Bias Relative difference (model - observation) / observation of spa-
tially averaged values - 

Spatial Variability Ratio (model / observation) of spatial standard deviations of 
seasonal values across all grid points - 

Spatial Correlation The spatial correlation of seasonal values between model and 
observations across all grid points - 

Mean Absolute Error (MAE) Average absolute difference between model and observation - 
Mean Absolute Percentage 
Error (MAPE) Average percentage error (model - observed /observed)*100 % 

Field Correlation (PCORR) Field correlation coefficient between model and observation - 
Root Mean Square Error 
(RMSE) 

Square root of the mean squared differences between model and 
observation - 

Relative Error (model - median (observed)) / median(observed)*100 % 
Probability of Detection 
(POD) 

Ratio of correctly detected precipitation events to total observed 
events (hits / (hits + misses)) - 

False Alarm Ratio (FAR) Ratio of false alarms to total predicted precipitation events (false 
alarms / (false alarms + hits)) - 
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ERA5 and ERA5-Land offer consistent climate data but lack spatial detail over complex terrain such as Italy. The MO-

LOCH-ISAC dataset addresses this through dynamic downscaling of ERA5 with the convection-permitting MOLOCH 

model [1], at 1.8 km resolution (1991–present). Developed within the INTERROGATION project, the MOLOCH-ISAC 

dataset provides 40 atmospheric and surface variables. Validation is carried out against high-resolution observations 

(GRIPHO, ARCIS, ISAC-CNR) and benchmark reanalyses (ERA5-Land, CERRA, LAMMA-HINDCAST, MERIDA-HRES), 

as presented in this work. 

Model & Downscaling Approach 

For this study, dynamical downscaling is performed using a one-step nesting strategy. ERA5 data, are used as initial 

and lateral boundary conditions for 30-h MOLOCH simulations at 1.8 km resolution over the Italian territory (Fig 1a.) 

Daily MOLOCH simulations are initialized at 18:00 UTC with ERA5 atmospheric fields. Soil variables (temperature, 

moisture, snow depth) are carried over from the previous day for consistency. ERA5 provides hourly boundary con-

ditions. Model outputs are hourly. 

To build the MOLOCH-ISAC dataset, the first 6 hours (spin-up) are discarded; the following 24 hours are retained. See 

Fig 1b. for setup. 
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Fig  7. 0ÅÒÆÏÒÍÁÎÃÅ ÄÉÁÇÒÁÍ ÓÈÏ×ÉÎÇ ÁÖÅÒÁÇÅ ÓËÉÌÌ ÓÃÏÒÅÓ ÆÏÒ 
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1. MOLOCH-ISAC shows consistent skill in reproducing both precipitation and temperature patterns over Italy. 
Precipitation climatologies and statistics (mean, frequency, intensity, and extremes) are well captured on both daily and 
hourly scales, with a low relative bias (<10%). Despite a slight underestimation of very intense events (especially hourly), 
MOLOCH-ISAC outperforms ERA5-Land and CERRA and performs comparably to MERIDA-HRES, despite lacking data assim-
ilation. 

2. In terms of temperature, MOLOCH-ISAC tends to be slightly colder than observations, yet it shows good agreement in the 
spatial and seasonal variability of daily anomalies. Correlations with observations are generally high, except for Sardin-
ia, where lower correlation in winter and spring likely explains the mismatch in observed trends.  

3. Overall, the dataset effectively reproduces key climate features and change signals, confirming its reliability—especially in 
complex regions such as the Alps, the Apennines, and coastal zones. 
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5. Temperature Validation Results 
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6. Conclusion 

Temperature Validation Method ɍϋɎ 

¶ Elevation is a key driver of temperature spatial variability, particularly in mountainous and complex terrain areas. 

¶ Reanalysis temperature fields were validated using observational data adjusted for elevation mismatch between real 
topography and model orography. 

¶ Observations were interpolated at each reanalysis grid point, accounting for latitude, longitude, and elevation. 

Observational Dataset ɍόɎȡ Unimi–ISAC–CNR dataset, Gridded climatology derived via weighted linear regression 
based on ~1100 stations across Italy. 

Temperature Climatologies (1991-2020) 

Figure 8. shows the seasonal climatology differences between 
the reanalysis and observations.  

Overall, MOLOCH-ISAC  tends to be slightly colder than the 
observational dataset. 

Daily Temperature Anomalies 

Daily anomalies, defined as deviations from the 
respective climatologies, were computed separately 
for the reanalysis and the observations. The 
agreement between the two datasets was assessed 
through seasonal average correlation. 

The Fig 9. shows the spatial distribution of the 
correlations, highlighting lower values over Sardinia 
in winter and spring, and over the Po Valley and Pre
-Alps in autumn. 

Climate Indices 

MOLOCH-ISAC Reanalysis data can also be used 
to compute climate indices and track their 
evolution over time. As an example, the Fig 10. 
shows the decadal trend (1991–2020) in 
tropical nights—defined as days with 
minimum temperature (Tmin) above 20°C—
highlighting a widespread increase across 
many areas of the Italian Peninsula. 
The trend is expressed as the number of 
additional tropical nights per decade. Results 
from MOLOCH-ISAC are compared with those 
derived from observational data, showing a 
strong spatial agreement in the regions 
experiencing an increase in tropical night 
frequency. 
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Fig 10.  4ÒÅÎÄ ÏÆ ÔÒÏÐÉÃÁÌ ÎÉÇÈÔÓ  ÄÕÒÉÎÇ υύύυ-φτφτȢ 
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Model DJF MAM JJA SON Annual 

ERA5-Land -1.31 -1.25 -0.92 -0.97 -1.11 

CERRA -1.19 -0.92 -0.85 -1.15 -1.03 

MOLOCH- ISAC  -1.57 -1.27 -1.06 -1.22 -1.32 

MERIDA HRES -1.49 -1.41 -1.45 -1.39 -1.40 

Model DJF MAM JJA SON Annual 

ERA5-Land 0.92 0.94 0.94 0.94 0.93 

CERRA 0.91 0.90 0.89 0.90 0.90 

MOLOCH- ISAC  0.94 0.94 0.94 0.92 0.94 

MERIDA-HRES 0.95 0.95 0.94 0.93 0.94 


