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Introduction Validation procedure Climatic indexes
"Validation is a process used to determine whether data are inaccurate, incomplete, The validation procedure is made Climatic indexes are fundamental both for studying the impact of climate
inconsistent or unreasonable" [1]. by three step (figure 3): change over the crops’ phenology and validating the collected data.  Cli-
This project is part of the rural development program in Umbria (the small region AWS L 1. Automatic quality control matic trends, seasonal and intra-seasonal changes of wvariables distribution
q y :
. o . RSS . . ° °
in Central Italy shown in figure 1) founded by the European Agricultural Fund for [ManvTNANGE | \ T RH of raw data: it is assumed founded in other data should be reflected also by the regional network data.
Rural Development (EAFRD). The main objectives are: s é é that automatic weather stations I T T —
e Collection of agro-meteorological fundamental variables |2] and climatic data o (AWS) fulfill basic requirements Winkler index over Umbria Region erage time evolution. The Winkler
. . . . 8 - index (or GDD, Growing Degree
on the regional territory; Py . | W1, WD, in transforming raw data into RO T
Control unit Days) is the summation of all the
e Implementation of quality control procedures following the WMO standard AUTOMATIC CONTROL OF RAW DATA FLAGS: processed data and that mainte- dally everog: tfmpeﬁg“rgsc)a‘zo"e
. . . L o c a ase emperature ur-
requirements |1{; , A b Rl 0= Not validated nance is made at least one time ) ‘ne th : April-
quirements [1; | ance s IS o o B
e Interpolation of validated meteorological data; @ IQ)By k- e ol of £ 2000 - Emisphere). This figure highlights
e Data correction by means of gap-filling and data-cleaning procedures in -Dasic  quallty controt o = the posIL e trend (very similar be-
: - - : '_ rocessed data: range, tempo- A 18001 tween ERAS and E-OBS data) of
order to obtain complete and reliable time series. P . bt B this index over all the region. The
| Basic quali | (B.OC ral consistency and internal con- : same trend, together with the an-
o . DCPs asic quality control (B-QC) . foll . & 1600 1 nual variability, is found also on
Figure 1: Topography of the Un- sistency tests follow common in- a e station dava. However a st
2000 ® Temperature stations :. : - Syntactic control, Filling not-transmitted data, O;Not validated . . : &) nificant BIAS is present between
EISOO p.ogzalgh};;elgg?ri)\f[ tg%i/?iloiss de- Verify temporal repetition. % 2 — Missing EernatIOI.laoltg:’ldeh:eS [1], ?Xcept | stations and the ERAS reanalysis.
Lo o s WRGRERSIDIES or reciplitation temporal cCoOI1l- . Thi 1d be d t diff t
cool ! tial resolution of about 90 meters) AUTOMATIC CONTROL OF PROCESSED DATA ot P Izh £ lp t d f l - giﬁins cor;Sp(c:)?ql;nts earriloengovffrllﬁ?g t}llee;ce)]rﬂl_
0 together with the rainfall (blue SISLEHCY & 15 €valuate 0L . . . . . . . : uniform altitude distribution of sta-
cross) and temperature (red dots) lowing national guidelines [6] 1950 1960 1970 1980 1990 2000 2010 2020 tions location, as shown in figure 2.

B EEE NN | PN stations used in this study; (on the -
¢ Relnfall stations upper right corner) the location of 3.Extended quallty control of

Umbria with respect to the Italian . .
country; (on the top) the latitu- INTERNAL CONSISTENCY 5 = Inconsistent processed data: the Spatlal

el average of DEM cell height Comparison of different parameters from the same station 0 = Not validated COnSiStency test iS Carried Out

contained inside the regional lim- I el . hns
Lo oBethor with the dlecrete Al E———— y spaa regression fechidne,
£ tude distributions of the regional

while the climatological check
network; (on the right side) the FLAGS.
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Conclusion and further de

Latitude [DD]

A first procedure has been implemented in Umbria region for the validation and in-

B R longitudinal average of DEM cell 0 wm“;‘ ww‘ww has to be implemented by using t lati fh v t t d Sitat; dat . £ th - 1
: ion i T : \ : erpolation ot hourly temperature and precipitation data coming from the regiona
height. —The surface extension is NeiCDE PRE-VALIDATED DATA = Missing ERA5 reanalysis data since its P d b e preeip = 5
about 8464 km<, while the Utilised '~ Suspect hich Ii 1 and o1 network. Further improvements will focus on:
Agricultural Area (UAA) is 3262  _ Inconsistent 1gh quality temporal and spatia Collect; ber fund | logical Hles 1ik lative h
|- km?2. about the 40% of the total resolution. e (ollecting other fundamental agro-meteorological variables like relative hu-
T ST area. The grid spacing in this fig- midity, wind and solar radiation for a longer time interval;
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 ure is about 31 km. . .
o Var Miss Range Pers Step Spat  Valid

Implementing other extended quality control procedures like homogeneity
test and climatological checks against external data;

T Mean 4.73 0.001 2.42 2.46 3.08 &9

Std 12.66 0.008 9.09 2.18 6.47 17.29 ) i ) ) ) i .
e Y LI LT 01 081 Moditying the gap-filling, data-cleaning and interpolation techniques by us-

-—_—- Miss RangeAtt  MissPre ool Valid ing either advanced statistical methods (optimal interpolation and EOFs)

Data

P Mean 6.69 0.031 0.016 0.014  0.85 92.42 to relate stations data both in the temporal and spatial dimensions or by
Four different data have been used during this analysis: | | —— Std  10.59 0.05 0.02 0001 0.2 10.48 debiasing ERADb reanalysis data.
. . . i Figure 3: Flow diagram of the validation procedure.
1. Reglonal automatic weather stations (A\N S) about 92 stations are Each test should produce its own flag (bitmask) in order Max 73.67 0.33 0.09 0.01 1.49  94.81 Calcu]ating other important indexes as P]—__Q':[‘7 SPI and correlate them to phe_
] ted th . 67 f hich . both infall d t to detect which type of failure occurs during the proce- . . . . . .
ocated on the region, of which measuring both rainftall and tempera- dure. It should be notice that not all the tests are com. Table 1: Mean, standard deviation and nological data in order to support decisions of end-users and disseminating
ture. The available temporal extension of these data is from 2010 to March mon to all variables. For example the spatial consistency maximum Percentage of network data regional climatic information.
test is not applied to precipitation. flagged by each test

2018. Other important variables like solar radiation, relative humidity and
wind are actually available only in few, unreliable and recently implemented

stations and therefore disregarded in this analysis; Inter Ola ti()ﬂ ACknOWledgementS
2. ERA 5: the new reanalysis of the ECMWEF with hourly time resolution p
: : : : : : . . . This project has been funded by "Programma di sviluppo rurale per I’'Umbria 2014 /2020 Misura 16
and Wlth 30 km grld resolution available from 1979 to within 3 months of The Hltel‘pOIathIl of station T “Cooperazione” - sottomisura 16.1 “Sostegno per costituzione e gestione Gruppi Operativi dei PEI in
e ° ° 1 data Hourly Temperature interpolation: 28 February 2018 - 12:00 1 1 1 1 > 1 113 > 2 1 " . . ]
real time [3]7 data is carried out by us- - ] : e e : | | ma,ter.la, di pr(?duttlv1ta:/s.ostenlblllta d.ell agricoltura We are thankful to Ing Ma.rco Stelluti and
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. R . . . o TR Copernicus Climate Change Service, and the data providers in the ECA & D project (https://www.ecad.
grldded dataset of surface tempera’ture and preCIPIta’tlon [4]7 (a COHVGI‘geIlt Gaussian : IR eu). Part of this work has been generated using Copernicus Climate Change Service information (2019).
4. ArCIS: the high resolution gridded climatological dataset over North- weighted average interpo- e h -
Central Italy ([5]). Until now only daily precipitation is available from 1961 lation technique). Hourly . At MR A\ .
to 2015. The spatial resolution is about 5 km. data are interpolated on the .M e | . SR A NP Refereﬂces
DEM grid with a spatial . =xsse . s B CSe L -
50 AthdeStatlonsmsmbmi — resolution of 250 meters. T .. T -. | ; - [1] WMO. Guide to the global observing system (wmo-no. 488). World Meteorological Organization:
= DEN-SRTHSO i 2: P ¢ ltitude distributi f th . © O et \ et Geneva, Switzerland, 2010.
ol ) B A :igdui:eells or ffl(;egt:’fiina cl)i;ltseoffhzld?ffle(i‘I;n(’c) datz The temperature field 1is [2] WMO. Guide to agricultural meteorological practices (wmo-no. 134). World Meteorological Or-
WS ERA5 Grid Points & . : . P o . Figure 4: Double lapse rate ganization: Geneva, Switzerland, 2010.
listed in this box, with respect to the digital eleva- ﬁI‘Stly detrended by 1ts : cq_ S8 7 e84 20 : . ’ : : : :
- tion model resolution. Stations distribution is ac- . analysis. On the left side: ex- . [3] C3S. Copernicus climate change service, erab: Fifth generation of ecmwf atmospheric reanalyses
E vion, ol .fth e R topographlcal Component ample of detection of tempera- Figure 5: Interpolation of of the global climate . copernicus climate change service climate data store (cds). date of access
E ua ytrle)pzesen aé(;gelczloo e ch erer; 8{1;'}5 ud S I‘S?{ieg . d bl 1 ture inversion, a phenomenon the Temperature field. An 2019-03-21 https://cds.climate.copernicus.eu/cdsapp#!/home, 2017.
Z 20 eX.Cd?P between - mE Trs 02086 rruae. pil using a ouble lapse rate frequently observed in Um- example of the gridded tem- |[4] Richard C Cornes, Gerard van der Schrier, Else JM van den Besselaar, and Philip D Jones. An
I &t p01nt§ are I?Ot present be oW meters, WHLE analysis [5] ThlS Spatial 1n- bria. On the right side: single perature field obtained from ensemble version of the e-obs temperature and precipitation data sets. Journal of Geophysical
- 1l E-OBS grid points are covering all the altitude = lapse rate example used to pro-  the superposition of the Research: Atmospheres, 123(17):9391-9409, 2018.
I III I ranges except those above 1400 meters. terpolatlon represents both a duce the map in figure 5. The mean topographic compo- [5] Valentina Pavan, Gabriele Antolini, Roberto Barbiero, Nicola Berni, Fabio Brunier, Carlo Caccia-
_ . 1 . . d lati ffcient - _ mani, Anselmo Cagnati, Orietta Cazzuli, Andrea Cicogna, Chiara De Luigi, et al. High resolution
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Altitude [m] R~“ is used as a measure of the ponent of station data (rep-

1 1 : . 2018.
a’nd a gap ﬁlhng teChnlque' goodness of the linear piece- resented by black dots) Italian Institute for Environmental Protection ISPRA and Research. Linee guida per il controllo

wise regression. di validita dei dati idro-meteorologici. 2017.




