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Advanced meteorological forecast model and applications in energy market
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We are pleased to share that the Forecasting has been assigned its first CiteScoreof 4.0 in June
2023, afteritsinclusioninScopus (Elsevier) in 2022.
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Weather is a major driver of energy supply and demand, Here, we show recent achievements where the model has been
considering the evolution of technology, extensive adoption of used both at local and large scales, particularly over Italy, and
renewable energy sources, producer-consumer relationships, Europe. These applications are focused on managing the trade
and future management of energy systems which will be more sale, transport, and storage steps of energy resources, estimating
challenging. Therefore, operational and planning decisions in the production of electric energy obtained using natural gas in
energy systems have to be guided by efficiency and reliability. combined cycle power plants, improving efficiency and reducing
Weather forecasts, including accurate uncertainty estimates environmental impact by early warning systems for geo-hazards,
are fundamental tools. In the short-medium range, the forecasting of the industrial and civil consumptions as well as
appropriate time and space resolutions necessary for an renewable power plants energy productions, optimizing the supply
effective decision-making may vary, in principle, from minutes to of olls and the industrial refining processes lead by market trends.
days, while, on the long-range scales, planning activities and Benchmark analyses by using observations and climate data
supplies of energy commodities should involve sub-seasonal have been evaluated, considering both the short-range and the
and seasonal projections of weather and climate. Uncertainty medium-long range predictions; even the analysis of daily forecast
modelling techniques should be used in order to quantify and performances is routinely performed. Main results have shown
minimize forecast errors as well as target variables which mostly high reliability of this forecast system and its great capability
Impact the decision-making process. to support operative decisions in energy market.
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Benchmark analysis for long-term temperature forecasts in Italy in
the year 2010, comparing the e-kmf and CFS-NCEP meteorological

In the last decade, Eni company has developed a technique
to forecast atmospheric variables, especially
temperatures, precipitation, and wind. The weather model,
named e-kmf® (eni-Kassandra Meteo Forecast), is global
forecast system which uses a multi-model and ensemble
approach to develop meteorological predictions from the
short-medium term to the sub-seasonal and seasonal
range. Short- and medium-term forecasts are provided by
using regional and Limited Area Models (LAMs) with a grid
size ranging from 1.25 km to 7 km, while long-term forecasts
are carried out using two global models with 20 perturbed
initial conditions (plus one control member) each, to obtain a
multi-model with 40 ensemble forecasts (plus two control
members). The output of the global models is on a regular
mesh grid size covering the whole world.
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a reference) for the year 2010’ Whlle the performance Of the CFS- O T T . . s s 7 5 o 10 4 1 Climatological Skill Scores for the two models (e-kmf®, CFS-NCEP) and for each area and month
NCEP Is worse. <5 Q Forecast Time (Weeks) Initialization e-kmf® CFS-NCEP
: .. : . : : 38-41° N
The ACC (Anomaly Correlation Coefficient) provides information which - i 8 | CFS-NCEP a0 o30  ovs et rer
: : il o 6. 1 g 100 ow February  0.04 0.14 0.18 4.45 -0.62 0.15
Is very useful for understanding the rgll_a_bll_lty Qf the forecast from the S N} < . varch 043 o4l 05t e s oo
15t to the 12" week for each forecast initialization month. In particular, - 080 | - o 069 078 079 T L 089
the e-kmf® model shows a good correlation between forecasted @ NCEP grid b Q 020 | \\/\ June 076 089 069 410 08032
i i uly . . 0. 5. 0. 0.
and observed temperature data in the 1st and 3’9 month of the @ E-ISMF gio 000 x / August 062 075 083 562 112 -0.59
. . ; Grid points of the two climate models for the three areas of Italy (north, centre and south) -0.20 ¢ \7‘4 September 0.50 0.75 0.84 -9.57 277 -0.10
forecaSt, while a worsening of the model’s performance was observed representedd Iby %reenhrglctarégles; the e-krr:f@ |n|10del gridfis slhown Witlr’]l orange dots, while thlebCII:S- 040 | October 0.13 0.04 0.11 1.14 021 .0.95
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Application of short-term temperature forecasts and their sensitivity Evipower plants (purple dots) § — — ek
to specific errors which may have impacts on energy predictions for Input Data i oG out e g i i s e il e
power plants. Forecast analysis has been performed on six Enipower I femperature _ forecasts;  the ®H 093 0.92 s N ®H o 0.94 093
CCGT plants of 390 MW power each, in particular 260 MW from the Shortterm multi-model prediction et the wthor modey (e e (WSILIITRODN 0 i SRIE LN i)
gas turbine and 130 MW from the steam turbine (placed to Mantova, Rl T e . E=n e
Brindisi, Livorno, Ravenna, Ferrara, and Ferrera Erbognone), and it has | Femara) shows te cetai of e WSRREREL LY | Seomma) 0177 (0,30 Ferobepa  0.22  0.33 Feeobsl 010 0.21
been Carrled Out over thlrteen monthS, from 1 August 2012 to 31 August Unfilteredscaled pOInt forecast (bottom). MRE [-] -0.18 0.01 MRE [-] 0.03 0.10 MRE [] 0.06 0.06
2013. This work analysed different phenomena among climate areas, I ‘ | S o | | -'
and the model capability to forecast temperatures. The obtained L katman Fil Day+1 Daysz Day+1 Day+2 Day+1 Day+2
results point out the performances of the e-kmf™ model on a forecast | 9°served data =/ Faman Fer
. _ _ _ at CCGT plant R[] 094 0.93 R[] 091 0.90 R[] 0.93 0.92
horizon of 48 hours, which is the target in the gas-to-power U e i ' |
production planning, the forecast errors occurring during significant Filtered Forecast o B e o Sl e s e T e
- . - - . . Iy . . - . K : :
changes of weather conditions (i.e., variations in daily temperatures u 3 -
. 0 . . o Fetobs(kl  0.16  0.26 Fetobs(K]  0.19 0.22 Fetobsi]  -0.16 -0.17
higher than =4 C in two consecutive days), and local scale '
] ] User MRE [-] 0.07 0.08 MRE [-]) 0.03 0.03 MRE [] 0.00 0.00
phenomena such as fog, thunderstorms and orographic winds.
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Several simulations across 2013-2014 have been performed with the e- © We'gggg) method
kmf™ model by changing its horizontal resolution and quantifying its impact T,=—talm e ete | T oty
in terms of computational cost and time running the e-kmf™ model with L N :
different spatial grids. To assess the impacts of horizontal grid on the (Taaiyforecast) == 2. T O
. . . . Temperature (K) - =1 i
forecast results in the selected areas, vertical resolution and physics = T S ST e Ty
have been malntalned the Same for a” SImU|at|0nS (aS the dally Operatlve ittt sttt B RO U DI B0 DRI MAE of the e-kmf™ temperature forecasts at different spatial resolutions and lead times over Italian and European cities; values in red depict a forecast below the 2° C error threshold.
5.5 km mod el), with a forecast horizon up to day + 11. Temperature S ti:.{%’—:—q_... — o e MAE [°C] d+0  d+l  d+2 d+3  d+4  d+5 d+6  d+7  d+8  d+9  d+10  d+ll MAE [°C] dt0  d+l d+2 d+3  d+4 d+5 d+6  d+7  d+8  d+9  d+l0 d+l1
forecasts scaled on selected cities in Italy (Milano, Torino, Roma, and |7 i i b o e o oo 1w ik e o s sh she e Bh bm om in 1w i de 1w 1w 1a e e
: : . : SN SN 1 N A N ilano (13 km) 0.63 0.76 O. .0 .0 .66 2.2 258 2.80 2. 3.0 3.38 Brussels (13km) 094 098 096 1.17 136 167 162 146 148 169 196 2.09
NapO“), Germany (MU”lCh), Belglum (BrUSSGIS), France (PanS), and UK '/“\{5 S A \RJ\Z milanouskm) 1.12 1;5 1.; 15; 1.6; ;.43 3.21 3.4516 3.69 3;; 3.8: 424  Brussels(18km) 097 101 101 121 140 173 166 150 149 171 196  2.09
(London) have been Compared agalnst Observatlons Comlng from SYNOP \3 DOOEEEE . _)\ """" Torino (5.5 km) 059 074 08 080 083 119 1.78 2.28 228 242 239 261 London (5.5 km) 051 057 066 092 109 132 143 104 114 138 156 1.64
""" B T e Torino (8 km) 040 062 069 087 0.89 1.27 192 248 2.65 284 280 3.06 London (8 km) 0.57 0.62 0.69 0.97 1.15 1.38 1.49 1.08 1.19 1.44 1.62 1.71
(Surface Synoptic Observations) and METAR (meteoro|ogica| aerodrome |:::cccel LoD 00| Torino(13km) 055 084 094 116 119 165 246 3.14 331 355 351 378 Llondon(13km) 061 064 070 099 118 143 155 113 125 152 169 178
-------------------- Torino (18 km) 096 137 152 177 179 237 341 417 429 448 444 466 London (18 km) 0.62 065 071 101 121 148 159 115 128 154 171 181
rep()rt) stations for a dataset of two years, and then, for particular periods N I Roma(55km) 033 045 055 054 059 115 155 193 198 190 224 237 Paris(55km) 077 086 079 108 127 156 161 126 148 163 183 200
. . . I R T T TR A Roma (8 km) 034 046 054 055 061 116 157 196 2.00 198 227 240 Paris (8 km) 086 095 084 112 133 163 167 130 155 171 192 2.09
of two weeks with stable and unstable situations. For an Operatlve e e he mm e oo Roma(13km) 047 063 073 076 081 155 205 252 255 249 287 3.03 Paris(13km) 093 099 086 117 138 172 174 137 165 182 202 2.20
. i i .. e o Clindert T ||| o — e . ] Roma (18 km) 078 1.02 119 115 119 223 279 330 3.26 3.11 355 3.74 Paris(18 km) 095 101 088 120 143 179 179 140 167 185 204 2.23
appllcatlon over both Italian and EurOpean cities by minimizZing the Example of the four grid domains: 55 km (a), 8 km Napoli(5.5km) 022 039 047 047 059 098 141 168 187 193 211 221 Munich(55km) 079 106 116 117 117 148 135 156 167 189 217 238
computational costs, a proper grid size might be 8 km. B et Napo(3km) 033 05 067 08 Of 195 15 201 298 269 @7 2o Muich(akml 085 122 18 a0 120 166 150 174 187 214 241 268
north of Italy. Napoli (18 km) 051 08 101 097 119 190 257 288 311 3.16 336 3.44 Munich (18 km) 1.00 130 136 136 137 175 155 180 191 219 247 2.72
in the framework of an EWS, the KALM-HD model, based on a [ sren ot deson 1 et o o
local ensemble prediction system, has been applied to investigate r----------imemmemimimmimciccm o - s
the forecast performance in the Val d’Agri area, Basilicata region, | .
. . I Mean Absolute Errors for precipitation thresholds in the two-years of observation period over the six weather stations at day +1 as lead time éﬁ
N Southern Italy Th|S StUdy Compared tWO yeaI’S Of hOUI‘|y and. for the KALM-HD model with 1.25 km (left) and 5 km (right). Values in red are referred to as the percentage of analyzed events in each bin. 2
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daily predicted and observed data, from December 1st, 2018, to; | “iris™
November 30t, 2020, at day +1 as a lead time of forecast in six; |
places, where weather stations are installed and forecast values; [~

are scaled to these points. The benchmark analysis is made by
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best scores are achieved for the 1.25 km horizontal resolution
model in comparison with the 5 km one, concerning temperature
and wind forecasts, mostly affected by the interaction of synoptic
patterns, which are generally more predictable, while an r
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Hazard model

overestimation in drizzle or light precipitation events slightly
worse the performance at 1.25 km.
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