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! Software package to be prezented

# Originally created for homogeneity testing and time
series analysis (trends, cycles, correlation analysis)

# Recently added functions for extreme values analysis
(GEV, GPD), RCM outputs validation and correction,

multivariate analysis (connection with R software)




Download data from Quality control Homogenization
database (e.g. Oracle) (ProClimDB) (ProClimDB/AnClim)
(LoadData)
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» rechnical“ series and grid points calculation
(ProClimDB)




Statistical analysis

Validation of RCM
outputs

N

Extreme value
analysis

Correction of RCM
outputs

Spatial analysis

(connection ProClimDB - ArcView)

Further tools:

(connection ProClimDB - R)
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Software Package for
Processing Climatological Data

# Application for downloading data from central
database (e.g. Oracle)

# ProClimDB software for processing whole

dataset (finding outliers, combining series, creating reference
series, preparing data for homogeneity testing, analysis ...)

# AnClim software for homogeneity testing




LoadData software, sqQL commands generator (based
on given Database Table and Info_file)

Connection

Datzbhase; (SO0 command) M M

" Processing window {profile: ¥_day_n)

Download data | [hif

DAY N

-] =

Desc | Create Mewy Info_file |

| rogs Table | Dutput | Moy Dutput Last Output
Downloading data according to ;I
Output File = gseftings\d_data_info_day_n.dbf

Idata'u:uutput.dbf

Hiaht click for coptext men

Wi |

Cutput file:
= datatoutput.dbf
Cannection:oraclebr

Adjust Infa_file | (1 active cases (rows) from the Info_file will he processed)
oy 7=
it File: tamninad skociicaltn) 2l I/ S S0 vomerd gglﬁ;g;n Y Faﬁgm W_DAY_N WHERE (EG_GH_ID LIKE
settingeld_data_info_day_n.dbt ﬂ = ‘BZBLAB% Yand(EG_EL_ABBREVIATION LIKE T%% and(
R R e T e s 3. Download data (YEAR=2005) or (YEAR=200%)and (month=5 or
Active En_oh_id Eg_el_ahhbr Time | Begin End Last_days Add_cond Distance
018 1WIZ001 T% 5.2.2005111.2.2005 0 0.0
r 01820 A1 HFL* 1.3.2005]. . 0 0.0
II: 0|BZBTURD JEY A 1.1.1990]. . 0 0.0
-------- 0|BZBLAR™ SRA* . . 3 0.0
List 0|B1PROTO1 TH AVG O [T11961(. . 0 145.0
F 0723 667 Frmax 7.11.20019.11.2002 0 0.0
1|B2BZAB* T* 1.5.2005|. . 0 0.0
== = time
Elements {e.l’.l’)l Elern, r’.l'a'gsl
Connection: aracletr
Info_file: seftingsild_data_info_day_n.dbfl  sapings Change PROFILE |

Dutput file: datatoutput.dbf




An CI i m SOftwa re 7 TXT files (each station has its own text file)

Monthly (seasonal, annual) or daily data processing
conveniant for learning of statistical methods in climatology (tutorials)
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Examples of Data formats — AnClim, monthly data

%' Edit precip_bohemia.txt _ ||:||£|
hB?E 190 780 760 370 420 690 550 600 910 160 330 500 6320
1877 56.0 76.0 46.0 30.0 500 430 1000 62.0 53.0 240 320 41.0 613.0 |
1878 480 190 820 520 680 490 690 B8BOD 460 490 370 300 637.0
1879 29.0 520 330 490 70.0 1140 860 780 400 36.0 630 29.0 679.0
1880 320 220 340 480 1140 820 930 1170 530 850 410 980 819.0
1881 13.0 200 720 280 838.0 930 79.0 980 7¥70 52.0 180 24.0 662.0
1882 140 250 230 550 B840 870 1350 109.0 840 520 850 73.0 8300
1883 31.0 190 330 180 33.0 1230 1100 &LOD 660 360 240 K90 60OZ2.0
1884 440 120 400 270 320 121.0 840 60.0 36.0 1040 360 61.0 657.0
1885 11.0 160 480 140 510 360 760 650 890 480 550 51.0 5600
1886 350 120 520 590 530 1470 930 51.0 420 420 31.0 8&3.0 700.0
1887 100 180 &K6O0 290 1170 390 4%0 740 340 150 600 440 5H41.0
1888 380 470 800 560 280 1040 950 123.0 67.0 650 320 150 7500 —
1889 200 K20 410 590 630 71.0 1030 530 800 820 180 20.0 GZ7.0
1890 650 70 230 890 740 1050 920 1450 111.0 480 850 6.0 850.0
1891 490 120 440 470 500 950 1360 720 390 160 41.0 640 665.0
1892 52.0 470 340 480 520 970 71.0 270 850 62.0 120 380 625.0
1893 4830 530 390 20 710 470 800 410 520 560 500 180 5570
1894 70 470 630 640 990 840 980 820 730 113.0 150 300 775.0
1895 530 320 540 500 950 800 840 790 310 510 460 780 738.0
1896 34.0 14.0 560 550 96.0 103.0 920 980 750 28.0 290 24.0 704.0
1897 380 480 670 350 1250 500 1820 1010 740 260 260 270 8030
1898 42.0 450 460 73.0 80.0 630 B1.0 51.0 430 61.0 29.0 36.0 630.0
1899 500 180 150 780 1360 620 1020 650 1270 220 280 550 7580
1900 91.0 81.0 81.0 51.0 520 950 990 400 31.0 B4.0 550 64.0 804.0
1901 340 380 560 670 530 740 1050 740 370 670 460 51.0 702.0
1902 37.0 350 490 470 740 820 920 750 640 50.0 39.0 440 683.0
1903 31.0 340 170 63.0 490 61.0 1150 930 520 670 890 ?20.0 691.0
1904 21.0 570 31.0 6BO0 61.0 390 230 160 540 660 740 350 5460
1905 460 400 490 540 61.0 500 860 1050 53.0 680 560 32.0 700.0
1906 450 290 700 230 850 770 /1.0 61.0 1290 310 330 450 699.0
1907 59.0 270 520 590 4830 68.0 1370 620 37.0 31.0 270 &7.0 674.0
1908 320 560 280 510 650 660 690 840 490 1.0 300 120 5430
1909 320 76.0 280 5B.0 500 1000 1380 450 580 240 520 71.0 732.0
1910 340 280 220 440 860 121.0 930 950 1050 270 1040 400 799.0
1911 31.0 51.0 350 320 740 320 280 350 6580 29.0 36.0 64.0 505.0 v|

4 v 4




Examples of Data formats — AnClim, daily data

f

Y Data of BIBYSHO1_T_07_00_3.txt - |I:I |£|
vealDay |1 ? 3 4 5 B 7 5 E [10 12 ||
191711 0.0 -9.8 -4 h 20 9z 162 1k0 14 118 (B4 -2h
191712 -6 -7 B -6 8.4 Mz 170 138 1vE 189 RE 1R1] _|
191713 -2.0 6.8 2.4 mwo o 1o 17a 1440 182 1300 R 1.2 -2.0
191714 -6.0 -132 08 4.0 124 17E 180 (246 90 123 02 -2.0
191715 -0.6 6.8 3.4 46 142 154 180 187 (BB 8.7 1.0 2.0
191716 0.0 -104 B3 B.2 158 186 214 184 73 B.0 05 -1.2
191717 8.4 -116 38 K 138 192 194 140 114 4B -0.8 -0.5
191718 -26 -26 2.2 3.2 122 218 164 1kE 173 128 02 -0.6
191719 -26 -16 2.2 0.0 210 224 2o0 154 146 B4 4.4 -3.8
191720 -8.0 0.0 3.4 0.4 190 250 210 214 180 43 46 9.0
191721 146 -1.2 1.0 3.0 124 260 170 178 160 A1 B8 -10.8
191722 -138  -28 -2.8 2.4 6.5 250 142 1BE 83 RE 1.8 -3.2
191723 -116 S0 2.8 0.1 114 162 148 142 BB 6.6 1.0 -6
191724 -4 -116 -18 14 152 126 16?233 |84 7B 65 -5.4
191725 -104  -01 -1.6 2.2 174 1z 1vn 1vE 74 4.1 7.8 -6.0
191726 -118 04 -1.2 1.6 138 2no 17s k2 R 2.8 1.4 -5.0
191727 -11.0 0B 3.0 h.2 1.0 200 190 186 B8 6.1 -2.4 =71
191728 -130  -1.0 0.0 5.0 186 172 17 134 148 118 58 -7.2
191729 -11.0  missing-1.0 48 210 (22o 230 216 (112 146 B4 -2.4
191730 -11.2  missing 3.8 114 200 (234 206 124 102 42 RE -2.0
191731 -6.6 missing 4.6 missing 23.6 missing 24.0 142 missing 7.8 missing -5.0
1918(1 -hE -3.2 4.0 36 9.4 123 122 1300 132 B3 B.0 -2.8
1918(2 -74 -1.0 7.0 126 7B 9.8 1ma 170 134 70 4.4 -36
1918(3 -108  -1.8 00 84 9.4 9.5 150 168 118 41 4.4 -6.0
1918(4 -136 -26 6.3 5.1 Me 70 134 173 108 R4 .3 1R1] -
KI AW




ProClimDB software

hinfe Teok Trensd Cokousle Cokl Nowhbors Angmabes Beferere Homog Adiot Fil Mos  Window Huh-mJ‘
X Bt B =R emE
— -lolx]
B ot roch g b File Edit Edit? Records Fields Options Help
s =0 g= Editing D2 dokumenty',progr proc data,DATAzprac_CR'\¥se_od61'ref info E.dbf (1 =12 x|
— _ pR——— ID_1 ID_2 REGION [BEGIN END LEMGTH|REMARK CORREL [DISTANCE [AZIMUTH Al
comtons (v | ™= | [ [p1BREY01_T_07:00 [B1BREY01_T_07:00_1_d [T_07:00[1.1.1960 [31.12.1988] 10858[0st 0.00 0.0f0
L= = | T]B1BREY01_T_07:00 [B1BRBEYD1_T_07:00_2_d [T_07:00[31.12.1964[31.12.1994] 10957[5st. (1:29.3 gza0[ 122.8F0
o oty : B1LUHAD _T_07:00 T_07:00[31.12.1960(31.12.2007 10957 y. com 18.25]  176.4F0
iy B1VIZO01_T_07:00 T_07:00[31.12.1960(31.12.2007 10957 y. com 1871 134.4f0
e ] 03HUSLOT_T_07:00 T_07:00[31.12.1960(31.12.2007 10957 y. com 2356 70350
oy s O3VSETO1_T_07:00 T_07:00[31.12.1960(31.12.2007 10957 y. com 26.76 93150
R B1ZLIMO1_T_07:00 T_07:00[31.12.1960]31.12.1986 10957 y. com 2030 150.3f0
n;lww oy | |1 980 Az - - —Right click For context menu ... emeates E
o [B1EREYD1_T_14:00[B1BREYDT_T_14:00_1 _d[T_14 0.00 0.0f0
_ b | st B1BREY01 T 14:00 |B1BREY01 T 14:00 2 d [T _14;  ~oftdata according to this column 3 3z80| 1222k0
T B1LUHADT T 14-00 T 14 Sort data according ko All columns  CTRL+O com 1825 176.450
B1VIZOO1_T_14:00 T_14| e |oom 1871 134.4F0
O3HUSLOT_T_14:00 T 14 g next £2  lcom 23 56 70,350
O3IVSETO1_T_14:00 T4 peplace stings CTRL4L  ltom 26.76 83150
B1ZLINOT_T_14:00 T 14 com 2030 1s0.3f0
Ligf cazas of fhe cotimn CTRL+T
B1BREYIT_T_21:00 |B1BREYO_T_21:00_1_d |T_21. I Gl 0.00 0.0fo
B1BREYO1_T_21:00 [B1BREYO1_T_21:00_2_d [T_21; Aiter out info new Appication E gz.80| 122.8f0
B1LUHAD _T_21:00 T_21.  Blank the czl CTRL+E  |com 1825 176.4F0
B1VIZOO1_T_21:00 T_ 210 Insert row e 1871  134.4F0
O3HUSLOT_T_31:00 T_21° MarkfUnmark record for deleting  CTRL4D Lom 23.68 70.3p0
O3VSETO1_T_21.00 T_21]  Delete rest (mark) CTRL+a  LTom 26.76 83.1F0
B1ZLINOT_T_21:00 T_21: pecallrest funmark) cTRLeR  Ltom 2030 1s0.3f0
BIBREY01_T_AVG |B1BREYOT_T_AWG_1_d |T_sve  Coovronisifo linboard CIRLF+IW 0.00 0.0F0
B1BREYOT_T_AVG |B1BREYO1_T_AWG_2 d |T_mwc  Pasterow(s) from Clipbosrd CTRLHE 3 az.go| 122.8F0
B1 LUHAD _T_AVG T_AVU pipiay DA Fle com 1825  176.4F0
BIVIZOOT_T_AVG T_pw — com 1871  134.4F0
O3HUSLOT_T_AVG T o ult viewer e 7366  70.2f0
O3IVEETOT_T_AVG T_AVG [31.12.1960(31.12.2007 10957 y. com 26.76 83.1F0
B1ZLIMNDT_T_AWG T_AWG |31.12.1860]31.12.1986 10857 y. com 2030  1s0.3f0

L |

ﬂnl Bottarm | Sort | Delete Insert Mol St Command Exceaf




ProcData softwa '€, only one Data file, accompanied by Info_file

database processing ID |EG_EL_ABBR |YEAR | DAY | TIME [M1 [Nz [Ma [N EE |NE |7 e
. _— E1EYSHO_SCE_07.00  SCE 2006 24 07.00 3000 1000 0.00 0.00 0.00 0.00 000 -339.00
*= processing window {profile: slovensko) B1BYSHO1 SCE 0700 SCE 2006 25 07:00 2800 10.00 0.00 0.00 .00 0.00 000 -939.00
| |B1BYSHO_SCE_07.00  SCE 2006 26 07.00 2600 1200 0.00 0.00 0.00 0.00 000 -339.00
Menu : Reference | |B1BYSHO_SCE_07.00  SCE 2006 27 0700 26,00 300 000 0.00 000 0.00 ooo -339.00
Calculates reference series for each slation gl B1EYSHUI_SCE_07.00 | sce 2006 28 0700 26,00 300 0.00 0.00 0.00 0.00 000 -339.00
| |B1BYSHO_SCE_07.00  SCE 2006 29 0700 2600 -a99.00 000 0.00 000 0.00 ooo -339.00
ltem : From Correlations | |B1BYSHO_SCE_07.00  SCE 2006 30 0700 2600 -395.00 0.00 0.00 0.00 0.00 000 -339.00
| |B1BYSHO_SCE_07.00  SCE 2006 31 0700 5700 -a99.00 ooo -339.00 ooo -339.00 ooo -339.00
Selects given Mumber of stations with average com| | B1BYSHOI_SNO_O7.00  SNO 1961 1 07.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
| B1BYSHO_SNO_07.00  SNO 1961 2 0700 000 0.00 000 0.00 000 0.00 000 0.00
| B1BYSHO_SNO_07.00  SNO 1961 3 07.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Source files: _ - | B1BYSHO_SNO_07.00  SNO 1961 4 0700 000 200 000 0.00 000 0.00 000 0.00
b "Lt (ni ittt B1BYSHOT_SNO_O7:00  SHO 1951 5 0700 0.00 5,00 0.00 0.00 0.00 0.00 0.00 0.00
Data file &t _hury_mes_new_reconstiz] | B18YSHO_SNO_07.00  SND 1961 6 07:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
(Data Info e} - | B1BYSHO_SNO_07.00  SNO 1961 7 07.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
datadata_info.dbf | |B1BYSHO1_SNO_0700  SHO 1961 B 0700 1.00 1.00 0.00 .00 0.00 .00 0.00 .00
NAME IB [HEUID4 [l |REGION  |LATITUDE | LONGITUDE [ALTITUDE [BEGIN _ |END LENGTH [Miss_cn 200 ) Wiy )
% [Epstiice pod Hostpnem | B1EYSHOT_SCE_07.00 B1BYSHOT SCE 17.67 45,40 35 111961 31.1.2006 45 D LD D LD
(%] Bystfice pod Hostinem  B1BYSHOT_SNO_07.00 B1BYSHOT SNO 1767 4340 5 111961 3112006 45 UL WLy UL WLy
Bysifice pod Hostonem  B1EYSHOT_SRA_D700 B1EYSHOT SR 1767 45,40 35 111872 31.1.2006 135 D LD D LD
%| Bystfice pod Hostonem  B1BYSHIN_SvH_07-00 B1BYSHOT SvH 1767 4340 5 111961 3112006 45 UL WLy UL WLy
%] Holesov ETHOLEOT_SCE_07.00 B1HOLEDT SCE 17.57 45,32 224 111961 31.1.2006 45 D LD D LD
%| Halegov BTHOLED_SNO_07-00 B1HOLEDT SNO 1757 4932 224 111961 3112006 45 UL WLy UL WLy
%] Holesov BTHOLEOT_SRé_07-00 B1HOLEDT SR 17.57 45,32 224 111953 31.1.2006 54 D LD D LD
%| Halegov BTHOLEM_SvH_07-00 B1HOLEDT SvH 1757 4932 224 111979 3112006 2% UL WLy UL WLy
%| Mapaiedia BTMAFADT_SCE_07.00 B1NAPA0T SCE 17.52 FERE: 185 111961  31.1.2006 45 D LY D LY
% | Napajeda BTNAPAM_SNO_07:00 B1NAPADT SNO 1752 4318 185 111961 3112006 45
Napaiedla ETMAPADT_SRA_07-00 B1NARADT SR 1752 4518 185 111889 31.1.2006 118
%| Napajeda BTNAPAM_SvH_07-00 B1NAPADT SvH 1752 4318 185 111977 3112006 a0
Bino E2BKVEDT_SCE_07-00 BZEKVED] SCE 1657 4519 223 211922 3111970 43
Bino B2BKVEDT_SNO_07-00 BIRKVENT SNO 1657 4319 223 311971 3111970 a0
- |Bmo E2BKVEDT_SRé_07.00 BZEKVEDT SR 1657 4519 223 111922 3111970 43
- |Bmo B2BFIST_SCE_07:00 BZEFISM SCE 1657 4320 03 111919 3111973 1
o _[Bmno E2EFIS0T_SNO_07-00 BZEFIS SND 1657 45,20 203 411931 3111979 43
- |Bmo B2BFIST_SRA_07-00 BZEFISM SRA 1657 4320 03 111916 3111973 B4
W% Bmo E2BFISOT_SVH_07-00 BZEFIS SWH 1657 45,20 203 111961 3111979 1
%] Bino B2BTURDT_SCE_07-00 BZETURMT SCE 1670 4916 21 111961 3112006 45
%/ Bmo E2ETURDT_SND_0700 BZETURDI SND 16,70 4516 241 1115961 31.1.2006 45
Of %] 8o B2BTURDT_SRA, 0700 BZETURMT SRA 1670 4916 21 111961 3112006 45
%/ Bmo E2ETURDT_SVH_07.00 BZETURDI SWH 16,70 4516 241 11193 31.1.2006 3
% Jinlava B2JHLM_SCE_07:00 B2IHLM SCE 1554 4339 B60 111961 3111963 3
r *\IJ&?W’?EI g e u"'l_'rllﬂ?‘)”ul 1 Crln I'I_."_;n.'n'__h_r -F_‘P')il:”r_fl‘l . i ChIM 1R FRA A9 g FEN 11 ‘IQE‘ILIQ‘I 1 1aFrq (=]
Carrelations column
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Data formats - ProClimDB

& DBF files (the only DBEF file for data + Info file)

& Macro in MS-Excel to load TXT,XLS,... files and to
create a DBF data file

& function in ProClimDB to import from TXT,DBF files /

export to TXT,... files

#® Monthly (seasonal, annual) or daily (even individual time)
data processing




Examples of Data formats — ProClimDB, monthly data

Id Year | M1 M2 K] M4 A & M7 ME L] M1 [ M1 M12 | Remark
11801_RV_07:00 [ 1961 88.00 89.0| 860 740 @1.0f 800 750| V20| G7O| G70f VEO[ T30
11801_RV_07:00 | 1962 8y0f 8&1.00 7900 G8.0| 750 @50 7vO.O| 78.0 &0.00 &70| 8490] 870
11801_RV_07:00 | 1963 830 8600 &40 800 840] 7¥90| 740 80.0] 840 890{ B820] 870
11801_RV_07:00 | 1964| 850 780l 8400 750{ 77.0| 790 800 830 830 8&70| 84.0] 920
11801_RV_07:00 | 1965 91.0f @880 8700 86.0{ 81.0] 820{ 8200 830 840 920{ 860 870
11801_Rv_07.00 | 1966| &v.0| #86.0{ &80{ 8400 77.0{ 800 850 B88.0{( 4900 &30/ 8900 =880
11801_RY_07:00 | 1967 860 8§80f 850 830{ 75.0{ 800 V&8Ol 8§20 9000 &30{ B80.0] 87.0
11801_RyY_07:00 [ 1968 8v.0f 91.00 8200 75.0{ 740{ v30| V70| 870l 8900 920{ 80.0] 830
11801_Rv_07:00 | 19689 890 83.0Q 8300 79.0{ 740| 860 @1.0f 8601 8300 830 B86.0] 930
11801_Rv_07:00 | 1970 900 9200 8900 840{ 75.0| 780| 8400 83.00 8900 930] B87.0] 9.0
11801_Rv_07:00 [ 1871 90.00 820| 870 78Ol 800 8200 800 800 9.0 91.0{ 900 920
11801_Rv_07:00 | 1972 880 860 74500 850( 840 7¥&0| 8500 8601 8300 830 &87.0] 870
11801_RV_07:00 | 1973 850 900 8200 79.0{ 7500 7¥90| 8200 81.00 850 8&50] 81.0] 820

(ID, Year, Months in columns: very useful format > easy processing of individual months)

Id ‘ear [ Pav_4h | Pdsav_d4h | Pdssdv_dh | Pf20_dh Fi40_dh Pfa0_d4h PfE0_4h F1B0_dh P1an_4r

¥ [ADAMCLISI | 1961 1.2 6.886 B.3545 0957 0.ga0 0.814 0.756 0542 0.3
ADAMCLISI | 1962 0.966 §.383 F.1449 04944 0.861 0.762 0.729 0.4549 0.3t
ADAMCLISI | 1963 1.074 6.522 B.306 0.950 0.878 0.804 0.737 0.544 0.3t
ADAMCLISI | 1964 1.041 6.746 5713 0.936 0.8a84 0.835 0772 04574 0.3t
ADAMCLISI | 1964 1.085 7114 7178 0924 0.843 0.796 0.7 0.511 0.3
ADAMCLISI | 1966 1.723 6.796 7.322 09549 0.860 0.800 0.710 0.472 0.3
ADAMCLISI | 1967 0.976 f.064 5.201 0.9449 0.865 0.782 0.709 04510 0.3
ADAMCLISI | 1968 1117 7625 9.771 0.955 0.ga0 0.823 0.7449 0522 0.3
ADAMCLISI | 1969 1.493 7.317 10978 0.963 0.904 0.845 0.7949 0.600 0.4:
ADAMCLISI | 1970 1.633 6.348 5941 0 966 0.906 0.840 0.782 0.562 0.3t
ADAMCLIS] | 1971 1.670 6.042 4694 0.964 0.899 0.841 0.7849 0612 0.4:
ADAMCLISI | 1972 1.533 7.974 7.103 0967 0.911 0.861 0.803 0614 0.4t

(ID, Year, Annual data (e.g. various indexes) in columns: e.g. individual months, seasons and year can be
used > easy processing of individual columns)



Examples of Data formats - ProClimDB, daily data

Year | Month | Day Id Walue?
1961 1| 1|TTHOLEM 04
1961 11 1|Trmeno 16
1961 11 1[TTkIomMo 10
1961 11 1|TLoRaDT 06
1961 11 1[T1TrsHod 12
1961 1| 2|TTHOLEM 23
1961 11 2[rrmemo 28
Id Yaar | Day | M1 | M2 | M2 [ W4 | NG | ME | MT | ME | MO [ RAD [ M1 | M2 o5 T ko Y

B1EYSHOY_T_o7:00 | 1866] 1| -27] -06] 28] 38| 118 1e0] 174] ez 11a] ar] aq] -2 T S e N

p1EvSHOY T o700 | 1266] 2| 23] 27| 25] as| 150 180 1s8] 97| 114 120] 05 -34 T I e T

B1BYSHY T o700 | 1266 2| 20| &7 o8] &s8] a7 157 170] 128 123] &a| 35 10 1961 1T 3 T1HoLED] >0

B1BYSHOT_T_07:00 | 1266] 4] 13| 10| -32] sol 48] 145] 10s] 130 =s8] s0] s 15 1981 T 3T vANDT Y

B1BYSHO1 T 07:00 | 1866] 5| -45] 10| 05| s3] 107 164 140] 118 1058 ao] 45| a0 1961 1 s[Tromm 15

BIBYSHOY T 0700 | 1266 &) -Bs| 11| -01| &6 50| 144 1a0] 118 113] 73] 38 15 To61 T amunaoT BT

B1BYSHOY_T_07:00 | 1266] 7| -38] &0] 28] s1| 441 145] 117 weo| 128 10] e8] 33 1961 1T 3miTranm BT

B1BYSHO1 T 07:00 | 1866] 8| -44] 28] 11| 87| 58| 148 106] 138 142] o8| a5 22 1981 1T 4[TTHoLEM 15

B1BYSHY T o700 | 1266 8] 20| on| 03] 116] a8s| 140] 107] 158 142 o7 spn| s

B1BYSHOT_T_07:00 | 1266] 10| -1.7] 1a] 27 112 118 138] 119] 117 1z24] 30] 08| 20 (ID, Year, Month, Day, Value:

B1BYSHOY T 07:00 | 1866] 11| 18] 14| -06] &68] s8] 148] 123] 107 125 05| -a0] oo very space consuming > long time

BIBYSHOY T 0700 | 1266] 12| 23| 4a| oo| s8] a8s| 167 118 87| 128 32| 05| 55 calculations ...)

B1BYSHOY_T_07:00 | 1266] 13 18] 21| 16| 64| 60 164 1245 s8] 105 s0] 40 0B

B1BYSHOY T 07:00 | 1266] 14| -38] 17| 24| s3] &2 157 150] 95| &s] as| s1| 40

BIBYSHOY T 0700 | 1266] 18] 11| -30| -37| 94| 68| 130] 162] 108 114] 50/ 18] 62

B1BYSHOY T 07:00 | 1266] 18] 00 oo -43] s3] ss[ 114 1e7] 113 138 28] 03] 60

B1BYSHOY T 07:00 | 1866] 17| 10| o0s| -18] 69| 35| 158 182] 105 77] oo| 40| 22

BiEYSHO1_T_o7.00 | 1266] 18] ool 19| 4o &7 s2[ a8 1a7] 100| 108] -21] -s0] 14

B1EYSHOY T o700 | 1266] 18] 20| 23] 24 e8] 3ol 116 135] 105 =8 -0 10| 08

B1BYSHOY T o700 | 1866 20 10| -zo| 60| 17| 21| 147 128] 108 @o] 15 62| -38

A1AYCHO1 T aT-nn 10RR ik | na a2 na Tn 10 14 a 1N A 1798 TR 11 “E N 40

(ID, Year, Day, Months in columns: very useful format > easy processing of individual months)



Examples of Data formats - ProClimDB, daily data

j 1in] !YEAR MONT.VALDL WALD2 VALOS VALDS WALOS VALDA VALOT VALOR VALOY VALID VALLL VALLZ VALIZ VALI4 VALLS VALLG VALLT VALLS VALY VAL
B2DVES02) 2001 39000 0000 0000 0000 0000 0000 0900 0000 D000 0000 0000 Q000 0000 DA00 0000 0000 0000 0000 D900 000

B2DVES0DZ 2001 4 42 0o 121 135 32 27 110 11 14 13 93 34 36 268 43 11 63 83 .6 fi
B2DWESD2 2001 5 184 9990 212 195 187 9990 1246 150 165 145 153 132 144 153 155 188 201 142 130 14
B2DWESD2 2001 6 132 144 130 111 132 148 179 180 147 147 123 149 1700 174 200 183 168 166 149 17
B2DVES02) 2001 7187 182 159 190 208 223 230 204 200 234 19020 203 220 248 272 A4 153 194 204 17
B2DWESDZ 2001 & 99000 225 259 221 193 213 220 204 2100 177 170 177 197 -9990 237 245 9990 244 251 2
B2DWESD2 2001 9 158 169 185 164 139 148 141 154 119 119 128 9990 135 133 129 118 113 106 120 12
B2DWESD2 2001 100 174 198 155 147 134 5990 9900 9000 5090 9900 9050 9980 9920 129 143 111 120 121 124 12
B2DVES0Z) 2001 12)-5990 -5990 5990 9990 9990 9990 5990 9990 9990 9990 5990 -2990 9990 9990 9990 5990 -5990 5990 0o 0
B2DWESDZ 2002 1 oo 0o 0.0 0o 0.0 oo 0o 0o 0o 0o 0.0 0o 0.0 oo 0o ] 0o 0o 0.0 1]
B2DWESDZ 2002 2 oo oo 0.0 oo 0.0 oo oo 0o oo oo 0.0 oo 0.0 00 9990 5990 9900 9990 -599.0 -999
B2DVES02) 2002 39000 0000 0000 0000 0000 0000 0900 0000 D000 0000 0000 Q000 0000 DA00 0000 0000 0000 0000 D900 000
B2DVES02) 2002 4 oo oo 0o oo 2.3 0z 27 6.2 10 52 12 g3 28 24 85 100 113 131 115 1
B2DWESDZ 2002 5 1610 195 226 208 133 152 167 181 185 173 181 189 184 173 164 181 218 185 179 1é
B2DWESDZ 2002 6 158 138 174 206 198 173 154 156 165 167 167 198 217 219 214 224 224 254 257 2%
B2DVES02) 2002 T2 A5 23171 195 224 ME 22 e @5 A2 223 231 235 2300 217 A4 w04 191 A
B2DWES0DZ 2002 & 227 105 0.0 0o 178 209 197 207 205 2100 188 1700 1700 173 185 191 210 217 222 A
B2DWESDZ 2002 9 189 16d 201 213 204 184 192 204 212 187 179 1400 138 152 129 128 134 155 141 15
BATYWIRINT | 00 LI A R AR b IR R R Ty E- AR § ] 4 i LR 17 S 18 s A éna agl Al 114 @5 k] @

(ID, Year, Month, Days in columns)

Year | Month | Day | T1hole1 | Tlivan01 | T1kiom01 | T1luha0t | T1piot01 | THity01 | T1tysh0
15861 1 1 -0.4 -1.6 -1.0 -0.6 -959 -499 -1.2
15961 1 2 -2.3 -8 -34 -1.1 -459 -599 -35
15861 1 3 -1.1 -1.3 -0.6 -2.0 -959 -499 -20
15961 1 4 34 0.3 1.0 31 -459 -599 26
15861 1 ] 0.3 -1.4 -1.0 0.4 -959 -G489 -0.5
15961 1 B -34 -3.5 -8.0 -3.4 -459 -599 -45
1861 1 7 1.4 -1.9 -2Ah 1.1 -959 -9849 ns
15961 1 g -1.6 -2.4 -26 -1.4 -459 -599 -25
15861 1 q -0.6 -1.4 -4.0 -0.8 -959 -5849 -1.0
15961 1 10 -0.49 -1.1 -1.0 -0.9 -959 -499 -0.5
15961 1 11 0z 0.1 -0.3 0.1 -959 -5849 =20
15961 1 12 -0.3 -1.4 -0.3 -0.3 -959 -499 -2.2
10R1 1 11 R AR TR a4 -qaq -aaq AR

(Year, Month, Day, ID’s — stations in individual columns > suitable in case of the same period of measurements)



ProcData software, info_fie

NAME [ID BELID®4 |l REGION | LATITUDE | LOMGITUDE |ALTITUDE |BEGIN  |EMD |LEMGTH |MISS_CH
% | Bystfice pod Hostinem | B1BYSHO1_SCE_07:00 B1BYSHOT SCE 17.67 43.40 5 L1981 31.1.2008 16
% Bystfice pod Hostgnem  E1BYSHOT_SNO_07.00 B1BYSHOT SMO 17.67 49.40 N5 111981 31.1.2008 46
|| Bystfice pod Hostgnem  E1BYSHOT_SRA_07:00 B1BYSHOT SR 17.67 49.40 A5 111872 31.1.2008 135
|| Bystfice pod Hostgnem  B1EYSHOT_SVH_07:00 B1BYSHOT SvH 17.67 49.40 A5 111981 31.1.2008 46
% Holesov B1HOLE1_SCE_07:00 E1HOLEDT SCE 17.57 49.32 224 111981 31.1.2008 46
% Holesov B1HOLEO1_SNO_07:00 E1HOLEQDT SNO 17.57 49.32 224 111961 31.1.2006 46
% Holesov B1HOLEDT_SRa_07:00 E1HOLEDT SR 17.57 49.32 224 111953 31.1.2008 54
% Holesov B1HOLEDT_SYH_07:00 E1HOLEDT SvH 17.57 49.32 224 111979 31.1.2008 23
| % Napajeda B1NARANT_SCE_07:00 B1NAPADT SCE 17.52 4318 185 111951 31.1.2008 46
| % Napajedia B1NAPAN_SNO_0700 B1NAPADT SMO 17.52 4918 185 111951 31.1.2008 46
| | Napaiedia B1NARATT_SRA_07:00 B1NAPAT SR 17.52 4318 185 111889 31.1.2008 18
| % Napajeda B1NARATT_SYH_07:00 B1NAPADT SvH 17.52 4318 185 111977 31.1.2008 30

Eino B2BKVED_SCE_O7.00 E2BKNVEDT SCE 16.57 4319 223 211922 3111970 43
| |Bmo B2BKVEDT_SHO_07:00 B2BKVEDT SMO 16.57 4319 223 31193 3111570 40
| | Bno B2BKVEDT_SRA_07:00 B2BKVEDT SR 16.57 4319 223 111922 3111570 49
| |Bmo B2BPISO1_SCE_07:00 B2BPIS0T SCE 16.57 49.20 203 111919 31.1.1579 B1
| |Bno B2BPISO1_SNO_07:00 B2BPIS0T SMO 16.57 49.20 203 411931 31.1.1579 49
| | Bmo B2BPISOT_SRa,_07.00 E2BPISOT SR& 16.57 43.20 203 113916 31.1.1979 £4
% Brno B2BPISO1_SWH_07-00 B2BPIS0T SvH 16.57 49.20 203 111981 3111579 19
% Brno B2BTURO1_SCE_07:00 E2BTURDT SCE 16.70 4316 241 111981 31.1.2008 16
% Brno B2BTUROT_SNO_07:00 E2BTURDT SMO 16.70 4916 241 111951 31.1.2008 46
(% Brno B2BTURDI_SRA_07:00 E2BTURDT SR 16.70 4916 241 111981 31.1.2008 46
%] Brno B2BTURDT_SWH_07-00 E2BTURDT SvH 16.70 4916 241 111989 31.1.2008 38
%] Jiblava B2JIHLO1_SCE_07:00 B2JIHLO SCE 15.54 49.39 B0 111951 31.1.1969 g
o5 Lklawa B21UHI M Sk 07-nn RANHI M ShlM 1R RA A9 29 REN 11149r1 11 19R9 9



General scheme of data processing before time series analysis

Daily Values - -
‘ Quality Control - Outliers
|
| |
Comparing fo Neighbours ‘ inferquartife Ranges
| |
Daily! Monthly! 4 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE
Seasonal and Homogeneity Testing E
Annual Values | a
Alexandersson Test Bivariate Test E
| | :
Several
Reference Series lterations
|
| |
From Correlations From Distances

Homogeneity Assessment Probability

Daily Values
Adjusting Data

rIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Filling Missing Values




Data Quality Control
Finding suspicious values

N

L

Two main approaches:

& Using limits derived from interquartile ranges (time
series)

i
Z:\WA M /\I\A[\ AAN /\Nf\/j
WYY

& comparing values to values of nelghbourlng stations
(spatial analysis)




Data Quality Control
Finding Outliers

N

+ limits: coefficient (multiple) = 3.0

& 1. Limits derived from interquartile range
m relatively, series of ratios (logarithms) of tested and reference series

+ reference series created as an average of 5 mostly correlated stations, max. distance 35 km (precipitation)

"\, L aan M/
W UVV VVVV\IVV v

99999999999999999999999999999999999999999999

= absolutely, in the past when only one station is available

+ in cases when less than three neighbours have been found

+ limits: coefficient (multiple) = 5.0




Data Quality Control
Finding Outliers

N

2. comparing values to values of neighbouring
stations

— comparing to min. 3 to 5 best correlated stations

— series of standardized differences (logarithms of ratios)
— number of cases exceeding 95% confidence limits

— Comparison to ,expected” value — calculated from
neighbours (using distances or correlations)

ID YEAR MON]ST BASEIREMARK |ST 1 ST 2 ST 3 ST 4 ST 5 [Ratl STND Rat2 STND Rat3 STND Rat4_STND Rat5 STND|CDF MAX| No_sign.
B1BLATO1 211.0Altitudes,lijf 225.0 280.0 176.0 190.0 240.0

B1HLUKO1] st_1, distal 6.8

B1VELVO1| st_2, distar 8.9

B1STRZ01] st_3, distal 10.4

B1BZENOL| st_4, distar 12.2

BIRADEO]| st_5, distai 13.3
B1BLATO1 1961 1| 14.5] 21.7 169 155 237 19.6 1.140 -0.365 0.769 1.817 0.911 0.965|
B1BLATO1 |1961 2| 39.2] 337 631 409 395 490 -0.646 0.467 0233 -0.088 0.312|  0.950]
B1BLATO1 1961 3| 15.1 204 210 149 212 222 0.560 0.389 0.516 1.344 1.180 0.911
B1BLATO1 |1961 4 57.7| 56.1 345 347 1053 446 -0.042 -2589 -1.295 2145  -1.126| 1.000 2
B1BLATO1 1961 5 73.5] 62.6 959 963 711 114.6 -0.601 0.891 1.322 0.239 1.718| 0.957
B1BLATO1 |1961 6| 148.3| 208.3 158.3 79.4 1012 76.2] 1.305 -0.135  -1.805 -0.915  -2.374 1.000| 1
B1BLATO1 [1961 7| 77.5] 89.2 106.9 102.3 86.0 123.2| 0.475 0.988 1.549 0.604 1.658| 0.951]
B1BLATO1 |1961 8| 29.3] 234 428 342 309 356 -0.654 0.829 0.567 0.212 0.372|  0.951]
B1BLATO1 1961 9 12.4] 122 163 103 133 122 0.125 0.769 -0.202 0.862 0.148| 0.885
B1BLATO1 |1961 10| 56.0] 517 776 741 814 827 -0.406 0.651 1.419 1.770 1.182| 0.962]
B1BLATO1 |1961 11| 60.8] 545 995 650 558 79.6] -0.643 1.751 0.775  -0.505 1.479  0.960
B1BLATO1 [1961 12 45.5 325 484 353 336 451 -1.565 -1.319 -1.066 -1.436 -0.641| 0.995
B1BLATO1 |1962 1] 12.5] 26.3 87 125 113 13.0 2.264  -2.377 0.492  -0.493  -0.106| 1.000 2
B1BLATO1 [1962 2| 28.9] 27.3 554 371 266 46.7 -0.178 1.064 0.977 -0.371 1.217, 0.915
B1BLATO1 |1962 3| 49.5 47.0 559 437 444 494 -0540 -0.427 -0.293 -0.369 -0.394 0.938
B1BLATO1 1962 4 44.1) 51.3 70.8 496 43.2 545 0.575 0.666 0.555 0.282 0.247|  0.774
B1BLATO1 |1962 5| 113.2] 111.6 129.3 1155 137.7 110.7| 0.000 0.294 0.495 0.918 0.038| 0.841]
B1BLATO1 [1962 6| 29.2] 241 239 395 186 29.6 -0.504 -1.225 1.036 -1.138 0.131 0.987|
B1BLATO1 |1962 7| 143.1] 157.1 103.3 84.7 177.8 115.8| 0.284  -2.197  -1.579 0.947  -0.881| 0.999 1
B1BLATO1 1962 8 51.1 58.4 139 141 188 14.9 0.614 -3.961 -3.217 -2.477 -3.306 1.000 4
B1BLATO1 |1962 9| 39.6] 39.9 36.0 358 368 333 0.191 -0.815 0.145 0.061  -0.329] 0.965
B1BLATO1 1962 10 44.5) 438 555 47.7 454 50.2f -0.070 0.298 0.674 0.162 0.447 0.858,



Example of outputs for outliers assessment

Suspicious values

Expected value _ .
Neighbour stations values

| E lcp o Je|] fF | & | H | 4 | 4 | K | L | M |
{=]iD |+ |vH * |MONT > |DA » |ST_BASH » |EXPECT | v |REMAH > ST 1 [=JST 2  [+JsT.3 [=JsT4 [+JsT5 [=]C
0 B2BTURDL T 0330 _ 241,00 Altituds 235,00 & [1ifiTaL 203,00 210,00 745,00
0 B2ezaBOl T 0330 LISt of neighbours st 1, di 11,58
0 BIFROTOL T 0330 | | st 2,di -
0 |QIPRER0L T 03:30 I st 3, di and diStances ojl;,pzelghbours
0 |O20LOMOL_ T 0330 st 4, di 62,38
0 OICER¥OL T 0330 st 5, di 91,95
0 B2BTUR0L T 03:30 2006 6 25 27,30 17,28 17,30 16,10 15,50 15,80 16,10
5 BIBTURNL T 0345 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
5 BIBZAB0OL T 0345 st 1,di 11,58
5 BIPROTOL T 03:45 st 2,di 36,85
5 O3IPREROL T 0345 st 3, di 59,12
5 020LOMOL T 0345 st 4, di 62,33
5 OICERVO1 T 03:45 st 5, di 91,95
5 B2BTURDL T 03:45 2006 6 25 26,50 17,26 17,30 16,30 15,80 15,60 16,20
0 B2BTURDL T 0400 241,00 Altituds 235,00 670,00 203,00 210,00 749,00
0 B2BZAEBOL T 0400 st 1,di 11,58
0 BIFROTOL T 04:00 st 2,di 36,85
0 |O3PREROL T 0400 st 3, di 59,12
0 |O20LOMOL T 0400 st 4, di 62,88
0 OICER¥OL T 0400 st 5, di 91,95
0 B2BTUR0L T 04:00 2006 6 25 26,30 17,41 17,30 16,50 16,50 15,90 16,20
0 B2BTURDL T 0500 241,00 Altituds 235,00 670,00 203,00 210,00 749,00
0 B2BZABO0L_T 0500 st 1,di 11,58
0 BIFROTOL T 0500 st 2,di 36,85
0 |O3PRER0L T 0500 st 3, di 59,12
0 |O20LOMOL_T 0500 st 4, di 62,38
0 OICER¥OL T 0500 st 5, di 91,95
[}

R2RTITRAT T 0500 | 1111 fi 15 24T 1752 1730 172 1730 Ta_30 172



Quality control

f

\é Run for CZ period 1961-2007, daily data (measured
values in observation hours)

#® All stations (CZ: 200 climatological stations, 800
precipitation stations)

# All meteorological elements (T, TMA, TMI, TPM, SRA,
SCE, SNO, E, RV, H, F)

€ Found optimal settings in the software for each met.
element

# Historical records will follow now




Alr temperature, number of outliers 1961-

2007, from 3.431.000 station-days

T, — air temperature at obs. hour, TMA - daily maximum temp., TMI
daily ground minimum temp.

— daily min. temp., TPM -

1200
1000 +

800

600 -

400 -

200 - I
. .

T_07:00 T_14:00 T_21:00 T_AVG

TPM




Air tem perature, number of outliers 1961-2007,
from 3.431.000 station-days
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AT temperature at obs. hour, AVG - daily average temp.
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Problematic detections (eavy rainfan

| iis YEAR MONTH DAY ST BASE EXPECT VAL REMARK ST 1 ST 2 ST 3 ST 4 ST 5 L
B2BTUROL SRAZH 1600 241,00 Altitude 235,00 670,00 203,00 210,00 748,00
B2BZAB01 SRASH 1600 st 1,di 11,58
BIFROTO1 SRAZH 1600 st 2, di 36,25
OIPRERO1 SEASH 1600 st 3, di 59,12
020LOM01_SEAZH 1600 st 4, di 62,28
OLCERY0] SRAZH 1600 st 3, di 91,95

BZBTURODL SREATH 16:00 2005
B2ZBTUROD] SREAFH 16:00 2006

] 10,00 147 1,50 0,00 0,20 0,00 0,30
14 8,70 0,32 0,30 0,50 0,20 0,00

-1 S |2 -
Il |
%u
= =
[ ]

[—U ]

BZBTUR0]L SRAJH 16:00 | 2006 0,10 0,70 0,00 0,00 0,00
BZBTUR0]L SRA3H 16:00 | 2007 0,70 3,00 4,70 0,10
B2BTUR0D]L SRASH 16:00 | 2007 11 i 0,04 0,00 0,60 0,00 0,00 1,40
BZBTUROL SEA3H 19:00 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
B2ZBZAB01 SRASH 19:00 st 1, di 11,58

BIPROTO1 SEASH 19400 st 2 di 36,25

O3PRER0!_SFA3H_19:00 st 3, di 59,12

O20LOMO1_SRASH 15:00 st 4, di 62 88

O1CERV0] SRA3H 19400 st 5, di 01,95
BZBTURD]L SRAH 19:00 | 2005 5 23 2,00 0,03 0,00 0,20 0,00 0,00 0,00
BZBTURO1 SRA3H 19:00 2005 7 23 7,00 1,73 1,80 1,00 0,00 0,00 0,00
BZBTURD]L SRAH 19:00 | 2006 5 13 4,40 0,02 0,00 0,00 0,00 0,00 0,10
B2BTUR0D]L SRA3H 19:00 | 2006 T 8 13,70 -0,04 0,00 0,00 0,00 0,00 0,00
BZBTURDL SRA3H 19:00 2006 g 7 5,90 0,25 0,20 0,90 0,90 0,00 0,00
BZBTUR0DL SRAH 19:00 | 2007 1 1 3,40 0,69 0,70 0,60 0,30 0,00 1,10
BZBTURO1 SRA3H 19:00 2007 6 14 9,00 0,03 0,00 0,00 0,30 0,00 0,00
BZBTUROL SRASH 22:00 241,00 Altitude 235,00 670,00 203,00 210,00 749,00
B2BZAB01 SRASH 22:00 st 1, di 11,58

BIFROTO1 SRA3H 22400 st 2, di 36,25

(O3PRER0DL_SFA3H 2200 st 3, di 59,12

O20LOMOL_SE&3H 22:00 st 4 di 62,83

OLCERYOL SRATH 22400 st 5, di 01,95
BZBTUR0D]L SRASH 22:00 | 2005 4 25 1,90 0,39 0,40 0,10 0,20 0,00 0,10

DADTITONT O 4 TTIT 9900 anns L as 1 N T RD T TN o n D En o



Problematic detections (heavy rainfall),

combination with Radar information




Remarks to QC

A
Y

# Only combination of several methods for outliers
detection leads to satisfying results (“real” outliers
detection, supressing fault detection

) and makes it possible to automatize QC

@ Parameters (settings) has to be found individually for
each meteorological element,  maybe also region (terrain
complexity) and part of a year (noticeable annual cycle in number
of outliers)

€ Similar to homogenization of time series, It IS Important to use
measured value (e.g. from observation hours) - outliers
are masked in daily dVverage (and even more in monthly or annual ones)




N

Combining measurements of neighbouring

stations

L

\J V _/ v




Combining measurements of
neighbouring stations

N

L

& Selecting neighbours till ... km
& gap between two series: maximum ... years

® resulting series: at least ... years long




Example:
Combining series of neighbouring stations
&
IC REMARK BEGIN END LENGTH REMARK DISTANCE ALT_1 ALT 2 ALL MONTHS
B1POZLO1 1961 1993 33
List of neighbours>
1.>B1HLHOO01 1961 2000 40 49.16;17.80 4.68 340
2.>B1LUHAO1 1961 2000 40 49.11;17.77 1.33 254
Correlations of Overlap>
1.>B1HLHOO1 1961 1993 33 0.944
2.>B1LUHAO1 1961 1993 33 0.968
_ _ Reconstruction> 1961-2000 (40)
Hetgline) sz I B1LUHAOL 1994 2000 7 1.33 254
B1POZLO1 1961 1993 33 0 290

Better to reconstr.>
Suggestions I >B1LUHAOL 40 / 33 years
Exist before&after>
>B1HLHOO01
>B1LUHAO1




N

Homogeneity testing

& Change in shift or variance, trend detection,
p=0.05




Creating Reference Series

N

@ for monthly, daily data (each month individually)
stations

m best correlated / nearest neighbours

(correlations — from the first differenced series)

= |imit correlation, limit distance
= |imit difference in altitudes

@ neighbouring stations series should be
standardized to test series
AVG and / or STD

(temperature - elevation, precipitation - variance)

- missing data are not so big problem then

# weighted/unweighted mean from neighbouring

@ criterions used for stations selection (or combination of it):

Settings

v Create Info File anly
Mummber of Stations

I

Lirnit - correlation (; dist)
065300

M aximurm altitude diff.

I

Refer begin ! Years per part
20

Refer end § Cverlap - years

I

W Commaon periad

Confidence limit
0.95

Correlations column
k13

[T Diffs of transfvals (precip)




Example:
Proposed list of stations used for creating reference series

f ID_1 ID_2 BEGIN END LENC(REMARK CORREL DISTANCE ALT 1 ALT 2
N Selection
B1BLATO1 1961 2000 40 5st. (1:0.88 211 according to
B1HLUKO1 1961 2000 40y. comm.p 0.931 6.78 211 225 correlations
B1VELVO1 1961 2000 40y. comm.p 0.921 8.94 211 280
B1STRZ01 1961 2000 40y. comm.p 0.910 10.39 211 176
B1UHBRO1 1961 2000 40y. comm.p 0.901 17.11 211 222
B1RADEO1 1961 2000 40y. comm.p 0.884 13.32 211 240
B1BOJKO1 1961 2000 40 b5st. (1:0.89 302
B1STRNO1 1961 2000 40y. comm.p 0.920 16.55 302 385
B1STHRO1 1961 2000 40y. comm.p 0.917 7.29 302 412
B1LUHAO1 1961 2000 40y. comm.p 0.908 9.62 302 254
B1VIZO01 1961 2000 40 y. comm.p 0.895 21.20 302 315
B1UHBRO1 1961 2000 40y. comm.p 0.891 11.68 302 222
B1BRBYO01 1961 1994 34 b5st. (1:0.87 350
B1BOJKO1 1961 2000 34 y. comm.p 0.888 16.54 350 302
0O3ZDECO01 1961 2000 34y. comm.p 0.886 18.34 350 520
O3HUSLO01 1961 2000 34 y. comm.p 0.881 23.66 350 450
B1HLHOO1 1961 2000 34y. comm.p 0.875 17.36 350 340
B1STHRO1 1961 2000 34y. comm.p 0.873 18.59 350 412
B1BUCHO1 1961 2000 40 b5st. (1:0.86 280
B1STMEO1 1961 2000 40y. comm.p 0.919 7.29 280 235
B2KYJOO01 1961 2000 40y. comm.p 0.879 16.54 280 195
B2KORCO01 1961 2000 40 y. comm.p 0.873 11.72 280 305
B1BZENO1 1961 2000 40y. comm.p 0.869 12.44 280 190

BINAPAO1 1961 2000 40 y. comm.p 0.869 17.08 280 205




Relative homogeneity testing

N

L

# Available tests:
= Alexandersson SNHT
= Bivariate test of Maronna and Yohai
= Mann — Whitney — Pettit test
m t-test
= Easterling and Peterson test
= Vincent method

40 year parts of the series (10 years overlap),
in SNHT splitting into subperiods in position of detected significant changepoint

(30-40 years per one inhomogeneity)
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Homogeneity assessment

L

& Various outputs created for better inhomogeneities
assessment

# Combining results with information from metadata
# Decision about ,,undoubted" inhomogeneities




Example I
Homogeneity assessment

f
N

ID REFERENCE ELENTESTIBEGINEND CO | Il 1] \Y V VI VI viEIX X Xl Xl Win Spr Sum Aut Year

B1BOJKO1 B1BOJKO1_1 dw x A 1961 2000 1973 x 1985 2000 x X X X X X X X

B1BOJKO1 X A 1988*< 1988*<

B1BOJKO1 B1BOJKO1l 1 dw x As 1961 2000 1994 1985 x X 1994

B1BOJKO1 X As 1971*< 1992*<

B1BOJKO1 B1BOJKO1_1 dw x B 1961 2000 1973 x 1985 2000 x X X X X X X X

B1BOJKO1 X B 1988*< 1988*<

B1BOJKO1 B1BOJKO1l 1 dw x Bs 1961 2000 1997 1985 x X X

B1BOJKO1 X Bs 1966*< 1992*<

B1BOJKO1 B1BOJKO1l 1 dw x t F 1961 2000 1973 1997 1985 1998 1985 1968 1966 1963 x X X 1996 <

B1BOJKO1 B1BOJKO1l 1 dw x t Fs 1961 2000 1994 1985 x X 1994

B1BOJKO1 B1BOJKO1l 1 dw x Uk 1961 2000 1973 x 1985 x X X X X X X X X

B1BOJKO1 B1BOJKO1l 1 dw x Uks 1961 2000 X 1985 x X 1985

B1BOJKO1 B1BOJKO1l 1 cw x A 1961 2000 1973 x 1985 x X 2000 1966 x X X X X

B1BOJKO1 X A 1988*< 1988*<

B1BOJKO1 B1BOJKO1l 1 cw x As 1961 2000 1994 1985 x X X

B1BOJKO1 X As 1971*1981*< 1981*

B1BOJKO1 B1BOJKO1 1 cw X B 1961 2000 X X 1985 x X X X X X X X X

B1BOJKO1 X B 1988*< 1982*< 1985*<

B1BOJKO1 B1BOJKO1l 1 cw x Bs 1961 2000 1994 1985 x X X

B1BOJKO1 X Bs 1971*< 1981*

B1BOJKO1 B1BOJKO1l 1 cw x t F 1961 2000 1973 1997 1985 1998 x 1992 1966 x 1999 x X 1993 <

B1BOJKO1 B1BOJKO1_1_ cw X t Fs 1961 2000 1994 1985 x X 1985

B1BOJKO1 B1BOJKO1l_ 1 cw x Uk 1961 2000 1973 x 1985 x X X X X X X X X

B1BOJKO1 B1BOJKO1_1_cw X Uks 1961 2000 1988 1985 x X 1985



Example II:

Homogeneity assessment

f
\Ha/ BEGIN END LENGTH YEAR_INHOM YEAR_COUNT Y_PORTION Y_POSSIBL
B1KROMO1 1961 2000 40 104 36.24 36.11
B1KROMO1 1977 18 6.27 6.25
B1KROMO1 1978 13 4.53 4.51
B1KROMO1 1975 11 3.83 3.82
B1KROMO1 1974 10 3.48 3.47
B1KROMO1 1983 8 2.79 2.78
B1KROMO1 1987 8 2.79 2.78
B1KROMO1 1989 7 2.44 2.43
B1KROMO1 1988 5 1.74 1.74
B1KROMO1 1971 4 1.39 1.39
B1KROMO1 1962 3 1.05 1.04
B1KROMO1 1982 3 1.05 1.04
B1KROMO1 1972 3 1.05 1.04
B1KROMO1 1964 3 1.05 1.04
B1KROMO1 1973 2 0.70 0.69
B1KROMO1 1986 2 0.70 0.69
B1KROMO1 1963 1 0.35 0.35
B1KROMO1 1984 1 0.35 0.35
B1KROMO1 1965 1 0.35 0.35
B1KROMO1 1995 1 0.35 0.35
B1KROMO1 1962 1965 4 8 2.79 2.78
B1KROMO1 1971 1975 5 30 10.45 10.42
B1KROMO1 1977 1978 2 31 10.80 10.76
B1KROMO1 1982 1984 3 12 4.18 4.17
B1KROMO1 1986 1989 4 22 7.67 7.64
B1KROMO1 1961 1970 10 8 2.79 2.78
B1KROMO1 1971 1980 10 61 21.25 21.18
B1KROMO1 1981 1990 10 34 11.85 11.81
B1KROMO1 1991 2000 10 1 0.35 0.35

Summed numbers of
detections for
individual years




Homogeneity assessment
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& Deciding which years to adjust for inhomogeneities
(using metadata, plots, ...)
ID ELYEAR BEGIJEND [YEAR_COUNY_PossiBL |YEAMISIX_BEGIN_OX END_DAJX]X] EREMARKC (]
x [B1IBOJKO1 [x | 1985 41 14.24 12| 23.3.1984] 31.3.2003[#|# Echange
B1BOJKO1 |x | 1985 41 14.24 12| 23.3.1984] 31.12.9999|#|# obs  V[B
B1BYSHO1 |x | 1978 37 12.85
? |[B1BYSHO1 |x | 1979 33 11.46
2 [B1BYSHO1 [x | 1980 43 14.93
? [BIHLHOO1 [x | 1965 31 10.76] 4] 1
BIHOLEOL |x | 1976 33 11.46
B1KROMO1 |x 1977] 1978 31 10.76
[ x BIRADEO1 x 1994 44 15.28 2 1.1.1994 31.12.9999 # # Fchange
BIRADEO1 x = 1994 44 15.28 2 1.1.1994 31.12.9999 # # obs JB
[ x BIRYCHO1 x | 1973 49 17.01 151973 28.2.1991 # # vchange
BIRYCHO1 x & 1973 49 17.01 1.9.1972 28.2.1991 # # obs MB
xx? BISTRZO1 x 1987 53 18.40
B1STRZO1 |x | 1988| 30 10.42 | | |
B1UHBRO1 |x 1983 31 10.76 18.2.1984] 31.1.1999|#|# Lchange
| [B1UHBRO1 |x | 1983 31 10.76 18.2.1984| 12.5.1993|#|# obs
change
obs
BIVELIO1 |x
? BIVELIOL X 1977 1978 )
? |B1VKLOO1 [x | 1984] 29 10.07 | |
x [BIVYSKO1 [x | 1999 32 11.11] -1 1.4.1998] 31.12.9999#|# \change
B1VYSKOL |x | 1999 32 1111 -1 1.4.1998] 31.12.9999]#|# obs  V[B
B2BOSKO1 [x | 1968 33 11.46
B2BRECO1 |x | 1968 35 12.15
| B2BRUMO1 x | 1989 51 17.71 1.2.1989 31.3.1994 # # Echange
B2BRUMO1 x | 1989 51 17.71 1.2.1989 31.3.1994 # # obs MB

h A v
-0.8

-1.0

1911 1915 1919 1923 1927 1931 1935 1939 1943 1947
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Adjusting data

& using reference series based on correlations

& adjustment: from differences (ratios) ... years before
and after a change, monhtly
# smoothing monthly adjustments (low-pass filter for adjacent

values)

| I 1] \% \Y Vi v vk IX X Xl Xl




AdeStmentS (Delta method)

N

# The same final adjustments may be obtained from either
monthly averages or through direct use of daily data

(for the daily-values-based approach, it seems reasonable to smooth with a low-pass filter for
60 days. The same results may be derived using a low-pass filter for two months (weights
approximately 1:2:1) and subsequently distributing the smoothed monthly adjustments into

daily values)
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(1 - raw adjustments, 2 — smoothed adjustments, 3 — smoothed adjustments distributed into
individual days), b) daily-based approach (4 — individual calendar day adjustments, 5 — daily
adjustments smoothed by low-pass filter for 30 days, 6 — for 60 days, 7 — for 90 days)




Variable correction

B. C. TREWIN AND A. C. F TREVITT

1996

5.0

4.0

3.0

Difference (*C)
2.0

1.0

g Ll : H ¥ I I
0 20 40 60 80 100

Percentile



Variable correction,

The higher-order moments method

g
N
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Example:
Adjusting values - evaluation

D1 gIIBEGIN END  YEAR MONTH REMARK CUK1 K2 kK3 k4 K& Kb K7 Ko Ko K10 K11 K12

B1IRYCHO1 |E 1961 1992 1573 5 ADJust 1135 1.197 1155 1.333 1.148 1.070 10858 1.354 1145 1.116 1.136 1.265
B1RYCHOM DIFF1 0905 0875 05912 0.813 0806 0.956 0.896 0.786 0.912 0.956 0.808 0.855
B1RYCHO DIFF2 1.0Z7 1.045 1.053 1.054 1.041 1.024 05975 1.064 1.045 1.067 1.032 1.057
B1RYCHO1 Cor 0.964 0.9530 05963 0.915 08358 0.570 0.866 0.927 0.961 0952 0.956 0.675
B1RYCHO1 corr+ 0.007 0.017 0006 0.026 0014 0.006 0.005 -0.001 -0.002 0.017 0.010 0.033
B1RYCHO t 1.904 2144 2445 5897 1.957 0536 08574 3424 15937 1007 22322 3415
B1RYCHOM t_crit 2042 2045 2045 2045 2045 2045 2042 2042 2042 2042 2042 2045
B1RYCHOM =td_1 0171 0184 0108 0216 0206 0168 0274 0146 0241 0255 0.139 0158
B1RYCHOM otd_2 0178 0235 0181 0169 0175 0208 0232 0.256 0.146 0164 0157 0185
B1RYCHO td 1923 2252 27350 3bao 1.084 0535 08537 3.904 1718 1.351 2325 3569
B1RYCHO1 t2_crit 1.960 1.861 1.960 1.961 1.961 1.960 1961 1.960 1.961 1.961 1.960 1.960
B1RYCHO1 Mao_1 12 12 12 12 12 12 12 12 12 12 12 11
B1RYCHO Mo_2 20 18 19 139 19 139 20 20 20 20 20 20
B1RYCHOM b1_1 0.015 -0.016 0002 0.017 0025 0.002 -0.035 0.002 0.035 0.040 0.015 -0.012
B1RYCHOM b1 2 -0.007 -0.024 -0.00Z 0.001 -0005 0.015 -0.022 -0.002 -0.007 -0.016 -0.014 -0.024
B1RYCHO1  |= 2n:0.479,0.233 1973 5 ADJ_sm 1.180 1.178 1.206 1.238 1.172 1.107 1.149 1.229 1.185 1.138 1.162 1.199
B1RYCHO Cor 0.964 09530 05963 0.915 Ogog 0570 086k 097 05961 0952 05956 0.875
B1RYCHO1 corr+(AD 0.007 0.016 0003 0.026 0.014 0.006 0.003 0.010 -0.005 0.015 0.009 0.030




[terative homogeneity testing

N

L

# several iteration of testing and results
evaluation

= several iterations of homogeneity testing and
series adjusting (3 iterations should be sufficient)

= question of homogeneity of reference series is
thus solved:

+ possible inhomogeneities should be eliminated by using
averages of several neighbouring stations

+ if this is not true: in next iteration neighbours should be
already homogenized




Example: CZ, air temperature o saons es-200)
Number of significant inhomogeneities before and after

N

/ homogenization (p=0.05)
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Amount of adjustments for homogenised series
(absolute values) - median
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N
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Example: CZ, precipitation

(800 stations, 1961-2000)

N

L

& 4 tests, 4 reference series, 12 months + 4 seasons and year

#® Number of detected inhomogeneities (significant)
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Amount of change (ratios — standardized to be >1.0),
precipitation

(reference series calculation based on correlations)
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Remarks - Homogenization
recommendations 1/2

N

L

& data quality control before homogenization is of very
Importance (if it is not part of it)

* Using series of observation hours (complementarily to daily AVG) IS
highly recommended (different manifestation of breaks)

& be aware of annual cycle of inhomogeneities,
adjustments, ...
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Remarks - Homogenization
recommendations 2/2

L

® Because of Noise in the time series it makes sense:

& - ,Ensemble” approach to homogenization (combining
information from different statistical tests, time frames, overlapping
periods, reference series, meteorological elements, ...)

# - more information for inhomogeneities assessment — higher quality
of homogenization in case metadata are incomplete




Technical series calculation

\V

Output:
# Station technical series (QC, homogenized, filled gaps)
# Grid points series (regular network)

# Daily scale
# 1961-2000 / 2008 (adding new years)
# Various elements (T,TMA, TMI,SRA,SSV,E,F)

@ Various regions:
= whole CZ, various spatial resolution (10, 25km)
= whole SK (10 km)
s CECILIA region (10 km)




Technical series calculation

\V

& Method of interpolation:

= Local linear regression — standardization of
neighbour stations values to altitude of
given location

= IDW method for “expected” value
calculation (applied different power of inverse
distance for various met. elements)

# Time series calculated for arbitrary point, in
daily scale

#® Single realization in time (each day individually)
(it solves inversion etc...),

Settings

Mumber of Stations
1.6
Search dist; limit Altitude diff.

[}
o
[
i
=
[m]

Refer begin I Years per part
a0:0
Refer end ¥ Overlap - years

i

[T Common petiod
W Transformation of vals (precip.)
v Standardize to Altitude

& Whale period

[ AyG & STD standardization

" Regr. far indiv. cases

™ 1 station - apply monhly SyEGE
Regression correctian

I

[T outliers check
0.49a

Foweer for weights

II

[~ Trimmed mean
0.2:08
[ Only Grids output retrieval




Stations (268) with calculated technical series,  Stations with technical series,
climatological stations precipitation stations

|
Stations with technical series, for grid points of ALADIN-Climate/CZ
(1961-2008, 7 met. variables)

----------------



Model output correction
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@ an approach of Michel Déqué (2007) based on
variable correction using individual percentiles
& for each arid point and month individually
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Software package — conclusions

N

L

# Learning the methods in climatology with
AnClim

# Processing whole national datasets using
LoadData and ProClimDB

& Freeware versions

# Continuous improvement via user feedbacks
(adding new functionality)

http://www.climahom.eu




