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Abstract

Within Republic Hydrometeorological Service of Serbia, operative procedures for the calculation of
some relevant, well known moisture indices were upgraded several years ago. These procedures
were mostly developed within the preparation of improved versions of agricultural meteorology
bulletins of RHMSS. Procedures for data processing encompass the calculation of Standardized
precipitation index (SPI). It was shown that the results of operative application of these procedures
considerably facilitate monitoring and analyses of moisture conditions. This particularly relates to
drought monitoring and assessment of its consequences in the various regions of Serbia. Also, the
preparation of mentioned procedures for the calculation of SPI made possible the analyses of
moisture conditions during previous decades on the basis of long series of historical data from the
territory of Serbia.

Within DMCSEE activities, detailed comparative analysis of values of SPI indices obtained by software
provided by EARS and the values obtained by operative RHMSS procedures was made. Some small
adaptations, in fact advancements of operative calculation technique dealing with the assessment of
rainfall distribution parameters, were done too. So, beginning with 1 January 2010, all SPI operative
calculations performed by RHMSS are fully harmonized with the methodology proposed by EARS
within the DMCSEE.

Operative procedures carried out in RHMSS comprised regular calculations of standardized
precipitation index for 1, 2, 3, 4, 5, 6, 9, 12 and 24 months. Calculations are performed after
expiration of each month. Besides this, the calculation of SPI value is made on the basis of
precipitation during previous 30, 60 and 90 days and statistical parameters for given part of the year.
These are one day step calculations. It is necessary to emphasize that the SPI calibration period
currently in use is 1961-2005.

A part of obtained results is accessible and regularly updated on RHMSS Internet presentation
(http://www.hidmet.gov.rs/ in the form of maps, graphical and tabular surveys within the section

named »Moisture conditions« and agrometeorological bulletins. As more applicable, mostly
qualitative assessment of the moisture conditions are presented instead of numerous SPI values.

However, SPI calculations are based on precipitation data daily delivered from 29 stations, which is
not particularly large number. Furthermore, full automatization does not exist, so considerable
amount of manual work is needed. Finally, the SPI mapping procedures and products are hardly
satisfactory. This is the state of affairs at this moment. Issues — scopes mentioned above require
particular attention in the forthcoming period.
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Description of data

Meteorological network

Meteorological network in Serbia covers an area of over 88,000 square km. There are more than six
hundred meteorological stations which are delivering data to Republic Hidrometeorological Service
of Serbia on regular basis. Different types of stations exist. Thirty five synoptic stations (including
airport meteorological stations) with 24 observations per day have professional observers. All other
stations are automatic or involve outsourced collaborators.

Observers on precipitation stations, among other meteorological parameters defined by standard

observation programme, measure precipitation once a day. Meteorological diary is sent monthly to
RHMSS. Actual data availability delay in practice is at least one to two months. Data arrive in form of
written document and they are not ready for instant use. At this moment, a number of active
precipitation stations is about 500.

Observers on climatological stations follow the same program regarding the precipitation as their

colleagues on precipitation stations, but proceed with additional measurements according to
standard programme for this type of station. Considering possible operative use of these data, the
situation is quite similar to this which is described above regarding precipitation stations.
Climatological station observation programme is currently carried out on 99 locations.

Synoptic stations mainly involve the same procedure as classical climatological stations (some airport
meteorological stations are exceptions), but observers do the measuring more frequently during the
day. All synoptic stations in Serbia are now in the regime of hourly measuring and hourly reporting
via SYNOP bulletins and GTS in real time. Data received via bulletins from 32 synoptic stations are
used for operative activities in the field of agricultural meteorology within RHMSS, including
monitoring of moisture conditions (See Table on the page 6). Collected data are daily processed,
there is no delay.

By the end of 2009, RHMSS completed the network of automatic meteorological stations (AMS). All
automatic stations are situated on the locations — meteorological stations under the authority of the
Service and with professional employees. Measuring program on these 28 AMSs cover wind speed
and direction, air temperature and humidity, precipitation, air pressure, air temperature on 5 cm
above the soil, global radiation and soil temperature in the depths of 5, 10, 20, 50 and 100cm. All
data from these stations are near-real time available. However, operation of these stations is still in
the testing phase — adjustments are carried out, as well as comparative analyses of these data with
data obtained by classical measuring on the same location.
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Data records

Near—real—time data

Operative SPI calculations are performed on the basis of daily precipitation data regularly submitted
from 29 synoptic stations and statistical parameters derived from historical precipitation data.
Complete data for the period 1961-2005 exist for the twenty five stations. For the purpose of
statistical parameters calculation, previous interpolation of missing data was carried out in case of
three of remaining stations. Regional climate model (Regionalen Klimamodells on the basis of
FITNAH) was used.

In case of the station Kopaonik (1710m), only all available original data were used-without
interpolation. In practice, SPI values obtained for these four stations without complete series of
original data are accepted as approximative. They are considered in spatial analyses, but they are not
presented individually.

Classical data

Besides the mentioned stations where Synop reporting exists, there are another 39 climatological
stations with data record for the period 1961-2000 and additional 5 for the period 1971-2000. Lists of
these stations are given in Tables on the pages 7 and 8.

Among around 500 precipitation stations that are operational today, around 400 stations were
functioning during the period 1961-2000, and additional near twenty stations were functioning in the
period 1971-2000. The lists of these stations are not attached to this document because of several
reasons. The number of these stations is considerable and it is necessary to previously carry out
more detailed checking of the real availability of historical data on precipitation from these stations.
Also, it is assessed that the expectation that current data from these stations could be included in
operative calculation of SPI in nearest future is not real. Unfortunately, actual data availability delay
in practice is too big at this moment.

SPI software

Operative SPI calculation in RHMSS is performed by Microsoft Excel sheets and functions. After
already mentioned adaptations, full harmonization was achieved with the methodology proposed by
EARS within the DMCSEE. An example of comparision of SPI values (Appendix I) shows that the
differencies betwen calculated values are negligible.

Criteria for quality assessment of moisture conditions on the basis of SPI which was chosen for
operative usage in RHMSS are shown in Apendix Il, and an examples of moisture condition analyses
based on SPI in Appendix Ill.
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List of stations

List of stations with near-real-time data delivery — Serbia

Near-real-time data Operative SPI AMS
Synoptic stations calculation ex',?,:ed
WMO no. | name comment addition
1 13067 | PALIC N N
2 13160 | SOMBOR N N
3 13168 | NOVI SAD RIMSKI SANCEVI N N
4 13170 BECEJ Agr. company st. N
5 13173 | ZRENJANIN N N
6 13174 | KIKINDA N N
7 13180 | BANATSKI KARLOVAC N N
8 13183 VRSAC Civil airport st. N
9 13262 | LOZNICA N \
10 | 13266 | SREMSKA MITROVICA N \
11 13269 | VALJEVO N N
12 | 13272 | BEOGRAD SURCIN Civil airport st.
13 | 13274 | BEOGRAD OBSERVATORIJA N N
14 13278 | KRAGUJEVAC N N
15 | 13279 | SMEDEREVSKA PALANKA N N
16 | 13285 | VELIKO GRADISTE N N
17 | 13289 | CRNI VRH KOD BORA N N
18 13295 | NEGOTIN N \
19 | 13367 | ZLATIBOR N N
20 | 13369 | SUENICA N N
21 13370 | POZEGA N \
22 13376 | KRALJEVO N \
23| 13378 | KOPAONIK N N
24 | 13382 | KURSUMLIJA N
25| 13383 | KRUSEVAC N N
26 | 13384 | CUPRIJA N N
27 | 13387 | NIS AERODROM Civil airport st.
28 13388 | NIS N N
29 | 13389 | LESKOVAC N N
30 13392 | ZAJECAR N \
31 13397 | DIMITROVGRAD N N
32| 13489 | VRANJE N N
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Active classical stations with time records for 1961- 2000 - Serbia

Synoptic stations 1961-2000

Idmm | clim. no. name Hs o) A Start-up
674 PALIC 102 | 46°06 19° 46’ 1945
1610 SOMBOR 88 45 47 19 05 1949
1654 NOVI SAD RIMSKI SANCEVI 84 45 20 19 52 1948
1730 BECEJ 75 45 37 20 04 1945
1742 ZRENJANIN 80 45 24 20 21 1948
1712 KIKINDA 81 45 51 20 28 1948
2631 LOZNICA 121 44 33 19 46 1951
2603 SREMSKA MITROVICA 81 44 58 19 38 1946
2655 VALJEVO 176 44 17 19 55 1946
2712 BEOGRAD OPSERVATORIJA 132 44 48 20 02 1887
2775 KRAGUJEVAC 197 44 02 20 56 1948
2755 SMEDEREVSKA PALANKA 122 44 22 20 57 1948
2813 VELIKO GRADISTE 82 44 45 21 31 1945
2963 NEGOTIN 42 44 14 22 33 1947
3624 ZLATIBOR 1028 43 44 19 43 1950
3655 SJENICA 1038 43 16 20 01 1946
3710 POZEGA 310 43 50 20 02 1952
3734 KRALJEVO 215 43 43 20 42 1945
3861 KURSUMLIJA 382 43 08 21 16 1951
3832 KRUSEVAC 166 43 34 21 21 1946
3802 CUPRIJA 123 43 56 21 22 1946
3855 NIS 201 43 20 21 54 1947
4805 LESKOVAC 230 42 59 21 57 1948
3901 ZAJECAR 144 43 53 22 17 1946
3974 DIMITROVGRAD 450 43 01 22 45 1947
4835 VRANJE 432 42 29 21 54 1945

Climate stations

Idmm | clim. no. name Hs ¢ A Start-up
2614 SABAC 80 44° 46’ 19° 471 1945
1700 SENTA 80 45 56 20 05 1945
1641 BAC 85 45 24 19 15 1955
1653 BACKI PETROVAC 85 45 22 19 34 1948
2802 BELA CRKVA 90 44 54 21 25 1945
3801 JAGODINA 115 43 59 21 19 1949
1602 ALEKSA SANTIC 120 45 56 19 20 1955
2723 RADMILOVAC 130 44 45 20 35 1947
2662 LJUBOVIJA 170 44 11 19 23 1953
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Climate stations - continuation
Idmm | clim. no. name Hs ¢ A Start-up
3834 ALEKSINAC 180 43 33 2141 1953
3735 VRNJACKA BANJA 235 | 43 37 20 54 1948
3810 REKOVAC 251 43 52 21 06 1949
3863 PROKUPLJE 266 4314 21 36 1949
3604 BAJINA BASTA 270 43 58 19 34 1956
4900 VLASOTINCE 271 42 58 22 08 1948
2652 KRUPANJ 280 | 44 22 19 23 1958
3931 KNJAZEVAC 281 43 34 22 16 1953
3825 SOKOBANJA 300 43 39 21 51 1946
2864 ZAGUBICA 314 44 12 2147 1946
4910 PREDEJANE 318 | 42 50 22 08 1949
3840 ALEKSANDROVAC 360 43 27 2104 1946
2765 CumIC 366 | 44 08 20 49 1958
3963 PIROT 370 43 09 22 36 1947
3851 BLACE 395] 43 18 21 18 1958
4844 BUJANOVAC 400 | 42 27 21 47 1948
4853 PRESEVO 410 | 42 18 21 40 1949
3841 BRUS 440 | 43 23 21 02 1961
3731 IVANJICA 465 | 43 25 20 14 1953
3972 BABUSNICA 4951 43 04 22 26 1958
3763 NOVI PAZAR 5451 43 08 20 31 1951
3722 KAONA 570 | 43 43 20 25 1949
3842 JASTREBAC 575 43 26 21 23 1947
2764 RUDNIK PLANINA 700 | 44 08 20 31 1956
4942 BOSILJGRAD 730 42 30 22 28 1947
3765 BLAZEVO 880 | 43 14 20 56 1961
3736 GOC 990 | 43 33 20 51 1953
4773 DRAGAS 1060 | 42 04 20 39 1952
4922 VLASINA 1260 | 42 44 22 21 1946
4815 KUKAVICA 14421 42 39 21 58 1953
Precipitation stations
Among precipitation stations that are operational today, around 400 were functioning during the
period 1961-2000 - according to available evidence
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Active classical stations with time records for 1971 - 2000 — Serbia
(only stations in addition to the 1961-2000 list)

Idmm | clim. no. name Hs
1861 VRSAC 82| 45°09 21°19 1965
2711 BEOGRAD SURCIN 96 44 49 20 17 1966
2865 CRNI VRH KOD BORA 1037 44 07 21 57 1966

name Hs
2871 BAGRDAN (VOJSKA) 113 | 44°0% 21°13 1969
3961 BELA PALANKA 291 43 13 22 19 1962
3744 JOSANICKA BANJA 555 43 23 20 45 1965
4950 TRGOVISTE 600 42 22 22 05 1969
3770 KARAJUKICA BUNARI 1165 43 06 20 06 1969

Near twenty today active precipitation stations were functioning in the period 1971-2000 in
addition to those which were functioning in the period 1961-2000

Other classical stations in operative SPI calculation

Idmm | clim. no. name Hs ¢ A Start-up / Period
1800 BANATSKI KARLOVAC 89 45°03 | 21°02 1986
3755 KOPAONIK 1710 | 43 17 | 20 48 1967-73, 1980-

Comment: Respectabe historical meteorological data archive exist for three old synoptic stations on
the territory of Autonomous Province Kosovo and Metohija, which is under the administration of UN
(see Table below)

Idmm | WMO no. name Hs ¢ by Period
473 PEC 498 42 40 20 18 1949-1998
477 PRIZREN 402 42 13 20 44 1949-1998
481 PRISTINA 573 42 39 21 09 1949-1998
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Map with stations with operative SPI calculations — Serbia
(All are synoptic stations)
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Note: It is expected that station KurSumlija will be added to the operative calculation SPI scheme

very soon, as thirtieth synoptic station.
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Map with active climate stations with time records for 1961- 2000
(Stations without SYNOP reporting)
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Appendix I: Comparison of SPI values obtained by RHMSS operative

calculations and software developed by EARS - an example

Appendix la STATION: VALJEVO RR 1 month
1961] 220 | 286 | 255 | 435 (1745 | 465 | 922 [ 46 | 107 | 84 | 682 [ 768
1962 457 | 520 | 886 | 721 | 345 | 696 | 476 | 195 | 453 | 477 | 583 | 585
1963| 924 | 361 | 291 | 882 | 399 | 655 | 649 | 229 | 8650 | 75 | 371 | 618
1964 43 | 410 | 625 | 655 | 580 | 861 | 1109 | 311 | 884 | 772 | 768 | 456
1965 311 | 681 | 318 | 657 [1145| 479 | 826 | 364 | 583 | 19 | 701 | 720
1966 702 | 278 | 794 [ 8565 | 507 [ 103.0 [ 1257 [ 644 | 215 | 597 | 267 [ 1251
1967| 351 | 269 | 1327 | 582 | 982 | 13653 | 754 | 239 | 644 | 191 | 488 | 943
1968 918 | 442 | 233 | 234 | 787 | 350 | 861 | 1551 [ 1176 | 256 | 840 | 933
1969 306 | 784 | 416 | 398 | 319 [1399 | 853 | 740 | 492 | 77 | 352 [ 1249
1970 553 | 955 | 875 | 807 | 1853 | 1466 | 961 | 757 | 318 | 895 | 518 | 121
1971 328 | 505 | 8651 | 603 | 995 | 963 | 779 | 564 [1427 | 350 | 657 | 239
1972| 97 | 163 | 83 | 663 | 459 | 321 [ 1935 1027 | 753 |[1108 | 733 | 19
1973 218 | 261 | 502 [ 1044 | 353 | 808 | 980 | 1178 | 326 | 410 | 524 | 388
1974 503 | 188 | 97 | 809 [1435 1771 | 420 | 375 | 466 | 1753 | 974 | 783
1975 313 | 169 | 232 | 423 [ 1289 [ 1647 | 1127 [ 2178 | 291 [ 1032 | 836 | 131
1976/ 1128 | 164 | 234 | 720 | 725 | 1210 890 | 512 | 545 | 109 | 673 | 404
1977| 524 | 1004 | 380 | 857 | 843 | 655 | 967 | 805 | 1018 | 182 | 857 | 743
1978 263 | 86.0 | 669 | 400 [ 1173|1751 | 433 | 467 [1264 | 189 | 152 | 659
1979 797 [ 416 | 232 [ 643 | 939 [ 1933 | 693 | 836 | 219 | 742 | 488 | 567
1980 821 | 513 | 690 | 498 | 1590|1538 | 766 | 366 | 769 | 619 | 642 | 852
1981 527 | 359 [ 1132 | 682 | 918 [1277 | 209 | 910 | 702 | 515 [ 1063 | 538
1982| 329 | 216 | 823 | 504 | 503 | 545 [ 1407 | 981 | 181 | 803 | 212 | 597
1983 288 | 484 | 246 | 512 | 366 | 1339 | 909 | 352 [ 1321 432 | 493 | 755
1984| 847 | 839 | 682 | 598 [1146| 838 | 765 | 602 | 651 | 282 | 464 | 209
1985 577 | 650 | 434 [1061 | 554 | 967 | 90 [1674| 24 | 286 [ 1253 | 338
1986 574 | 821 | 603 | 734 | 524 | 1633 | 1174 | 435 | 42 | 582 | 121 | 339
1987/ 1073 | 90 | 594 | 597 [2008 | 645 | 361 | 583 | 94 | 477 [ 1322 | 640
1988 541 | 406 [ 1126 | 440 | 526 [1109 | 66 | 400 [ 1074 | 262 | 494 | 409
1989] 76 | 108 | 376 | 526 | 1267 | 1923 | 195 | 706 | 631 | 546 | 6567 | 315
1990 146 | 440 | 248 | 496 | 165 | 866 | 178 | 347 | 324 | 354 | 392 | 774
1991 283 | 253 | 648 | 974 | 646 | 500 | 961 | 605 | 306 | 1058 | 604 | 486
1992 226 | 535 | 174 [ 481 | 315 [ 1639 | 252 | 360 | 398 | 1186 | 8858 | 414
1993 426 | 226 | 651 | 341 | 491 | 808 | 535 | 608 | 672 | 82 | 857 | 526
1994| 658 | 219 | 706 | 696 | 535 | 1055 | 829 | 277 | 598 | 513 | 221 | 243
1995 936 | 467 | 913 | 726 | 734 [ 1891 | 682 [ 1046 | 944 | 17 | 729 | 683
1996 326 | 806 | 530 | 569 | 1223|1074 | 284 | 740 [ 1324 | 444 | 648 | 778
1997| 354 | 681 | 292 | 588 | 316 |1216 | 1772|1158 | 298 |1576 | 351 | 897
1998 801 | 152 | 409 | 334 | 802 | 781 | 506 | 692 | 829 | 1178 | 693 | 541
1999 397 | 696 | 198 | 729 | 713 | 1065|2129 | 4588 | 544 | 350 | 709 | 1496
2000 323 | 294 | 429 [ 358 | 676 | 632 | 340 | 178 1019 | 164 | 227 | 447
2001| 557 | 407 | 548 [1272] 434 [1644 | 842 | 671 | 1804 | 194 [ 101.0 [ 37.0
2002 283 [ 201 | 371 | 843 | 837 | 463 | 751 [ 1014 | 952 [ 1378 | 397 | 595
2003] 593 | 377 | 67 | 159 | 566 | 487 | 929 | 32 | 549 [ 1663 | 216 | 493
2004) 811 [ 442 | 193 [ 921 | 715 (1248 | 673 | 913 | 502 | 471 | 1065 [ 510
2005] 346 | 753 | 471 [ 569 | 709 | 727 [1221[ 1289 819 | 270 | 685 | 53.0
2006) 418 | 510 |[1216 | 779 | 464 [ 1045 | 356 | 1834 | 177 | 275 | 306 | 837
2007| 534 | 406 | 776 | 72 [1250| 727 | 225 | 654 | 1004 | 1197 | 107.5 | 513
2008] 360 [ 282 | 965 | 460 | 729 | 778 | 726 | 219 | 689 | 224 | 597 | 532

61-05

r1-ave. 491 452 50.8 63.5 80.3 1063 79.2 67.7 654 556 61.5 58.7

51 273 24.8  30.0 227 438 465 452 436 404 457 285 29.9

-11-
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Appendix Ib STATION: VALJEVO Gamima parameters calculation
1961 3.09 3.35 3.4 3.77 5.16 3.84 4.52 1.53 2.37 213 4.22 4.34
1962 3.52 4.13 4.48 4.238 3.54 4.24 3.56 2.97 3.84 3.86 4.07 4.07
1963 4.53 3.59 3.37 4.48 3.69 4.18 417 3.13 4.45 2.01 3.61 4.12
1964 1.46 3.7 4.14 4.138 4.06 4.46 4.71 3.44 4.48 4.35 4.34 3.52
1965 3.44 422 3.46 4.19 4.74 3.87 4.41 3.59 4.08 0.64 4.25 4.28
1966 4.25 3.33 4.37 4.45 3.93 4.63 4.83 4.7 3.07 4.09 3.28 4.83
1967 3.56 3.29 4.89 4.08 4.59 4.91 4.32 3.17 417 2.95 3.89 4.585
1968 4.52 3.79 3.15 3.15 4.37 3.56 4.46 504 4.77 3.24 4.43 4.54
1969 3.42 4.36 3.73 3.68 3.46 4.94 4.45 4.30 3.90 2.04 3.56 4.83
1970 4.01 4.56 4.47 4.39 522 4.99 4.57 4.33 3.46 4.49 3.95 249
1971 3.49 4.10 4.46 4.10 4.60 4.57 4.36 4.03 4.96 3.56 4.02 3.7
1972 227 279 212 4.19 3.83 347 5.27 4.63 4.32 4.7 4.29 0.64
1973 3.08 3.26 3.92 4.85 3.56 4.39 4.58 4.77 3.48 3n 3.96 3.66
1974 3.92 293 2.27 4.39 4.97 518 3.74 3.62 3.84 517 4.58 4.36
1975 3.44 2.83 3.14 3.74 4.86 510 4.72 5.38 3.37 4.64 4.43 257
1976 4.73 230 3.15 4.28 4.28 4.80 4.49 3.94 4.00 2.39 4.1 3.70
1977 3.96 4.61 3.64 4.45 4.43 4.18 4.57 4.39 4.62 2.90 4.45 4.3
1978 3.27 4.45 4.20 3.69 4.76 517 3.797 3.84 4.84 2.94 272 4.19
1979 4.38 3.73 3.14 4.16 4.54 5.26 4.24 4.43 3.09 4.31 3.89 4.04
1980 4.41 3.94 4.23 3.9 5.07 5.04 4.34 3.60 4.34 4.13 4.16 4.45
1981 3.96 3.58 4.73 4.22 4.52 4.85 3.04 4.51 4.25 3.94 4.67 3.99
1982 3.49 3.07 4.41 3.92 3.92 4.00 4.95 4.59 2.90 4.39 3.05 4.09
1983 3.36 3.88 3.20 3.94 3.60 4.90 4.51 3.56 4.88 3.77 3.90 4.32
1984 4.44 4.43 4.22 4.09 4.74 4.43 4.34 4.10 4.18 334 3.84 3.04
1985 4.06 417 307 4.66 4.01 4.57 220 512 0.88 3.35 4.83 3.52
1986 4.05 4.41 4.10 4.30 3.96 510 4.77 3.77 1.44 4.06 249 3.52
1987 4.68 220 4.08 4.09 530 417 3.59 4.07 2.24 3.86 4.88 4.16
1988 3.99 3.70 4.72 3.78 3.96 4M 1.589 3.69 4.68 3.a7 3.90 3.7
1989 203 238 3.63 3.96 4.84 526 297 4.26 4.14 4.00 4.04 345
1990 2 68 3.78 3N 3.90 250 4.46 258 3.55 3.48 3.57 3.67 4.35
1991 3.34 3.23 417 4.58 4147 4.09 4.57 4.10 3.42 4.66 4.10 3.88
1992 3.12 3.98 2.86 3.87 345 510 3.34 3.58 3.68 4.78 449 3.72
1993 3.75 3.12 4.18 3.53 3.59 4.39 3.98 41 4.1 210 4.45 3.96
1994 4.19 3.09 4.26 4.24 3.98 4.66 4.42 3.32 4.09 3% 3.10 3.19
1995 4.54 3.84 4.51 4.238 4.30 524 4.06 4.65 4.55 0.53 4.29 4.22
1996 3.48 4.39 3.97 4.04 4.81 4.68 3.35 4.30 4.89 3.79 4.17 4.35
1997 3.57 4.22 3.37 4.07 345 4.80 5.18 4.75 3.39 5.06 3.56 4.50
1998 4.38 272 3N 3.51 4.38 4.36 3.92 4.24 4.42 4.77 4.24 3.99
1999 3.68 4.24 2.99 4.29 4.27 4.67 5.36 3.89 4.00 3.56 4.26 5.01
2000 3.48 3.38 3.76 3.58 4.1 4.15 3.53 2.88 4.62 2.80 3.12 3.80
2001 4.02 3.7 4.00 4.85 3.797 510 4.43 4.21 5.20 297 4.62 3.61
2002 3.34 3.00 3.61 4.43 4.43 3.84 4.32 4.62 4.56 4.93 3.68 4.09
2003 4.08 3.63 1.90 277 4.04 3.89 4.53 1.16 4.01 51 3.07 39
2004 4.40 3.79 2.96 4.52 4.27 4.83 4.2 4.51 3.92 3.85 4.67 3.93
2005 3.54 4.32 3.85 4.04 4.26 4.29 4.80 4.86 4.41 3.30 4.23 4.06
2008 3.73 3.93 4.80 4.36 3.54 4.65 3.67 521 287 i 342 4.43
2007 3.98 3.70 4.35 1.97 4.83 4.29 3.1 4.18 4.61 4.78 4.68 3.94
2008 3.58 3.34 4.57 3.83 4.29 4.35 4.28 3.09 4.23 3N 4.09 3.97
61-05

7 In(x) 166.70  164.04 | 167.76 | 183.68  191.00 205.28 187.50 178.70 175.85 161.94  179.62 | 175.33
Fin{x)/N 3.70 3.65 3.73 4.08 4.24 4.56 4.17 3.97 3.91 3.60 3.99 3.90

Inr 3.89 3.81 3.93 4.15 4.39 4.67 4.37 4.1 4.18 4.02 4.12 4.07
A 0.19 0.17 0.20 0.07 0.14 0.10 0.21 0.24 0.27 0.42 0.13 0.18
o 2.81 317 2.66 7.32 3.69 4.95 2.59 2.21 1.99 1.34 4.07 3.00
B 17.47 | 14.29 | 19.13 8.68 21.79 | 2145 | 30.60 @ 30.61 | 3292 | 41.49 1511 19.56
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Appendix Ic_|* "=NORMSINV{GAMMADIST{x.alfa.beta TRUE))" STATION: VALJEVO SPI comparision
EXCEL* DMCSEEJEXCEL* DMCSEE|EXCEL* DMCSEE|EXCEL* DMCSEE|EXCEL* DMCSEE|EXCEL* DMCSEE|EXCEL* DMCSEE
Year | Mon RR SPI1 spi1 | SPI2  spi2 | SPI3  spid | SPI4 spid | SPI5 spid | SPIE spi6 | SPI12  spil2

2004 | 81.1 11 112 1 062 062 | -031 031 ) 145 1471134 135 ) 032 031 )] -118 1.2
2004 Il 442 015 015 ) 085 085 ) 050 050 ) -026 -026) 135 135 124 124 | -116 -1.16
2004 [l 19.3 -1.14 114} 072 -072)] 011 011 ] -006 -006]) -0.69 -069)] 083 083 ] -1.04 -1.04

2004 v 921 113 119 |1 005 005 ) 003 003] 055 055034 033)-026 -026|-043 -043
2004 \i4 7.5 004 -004) 051 051 )-008 -009]-011 -0711] 034 034 ) 020 020]|-026 -025
2004 | W1 1248 052 052 026 026 | 060 060 ) 047 047 | 015 015 )] 045 045 ] 038 035
2004 VIl 67.3 004 -004) 022 022|006 006)] 041 041 )] 001 001 ) 000 000 | 016 0.16
2004 | v 91.3 063 069 ]| 032 032 | 047 047 ) 032 032|057 057)]| 025 0251 084 0584
2004 IX 50.2 011 -011) 02% 029|007 007] 026 026] 014 074 | 041 041 | 080 080
2004 X 471 041 011 ] 030 -030) 013 013 | -003 -003)| 015 015)] 006 006 | -018 -0.18
2004 Xl 106.5 138 138 | 078 078 )| 045 045] 063 063 | 044 044 | 056 056 | 049 049
2004 | X 51.0 004 -004) 094 094|061 061] 030 030] 054 054 ) 035 034 ] 053 053

2005 | 34.6 03 -035) 042 -043)| 056 057 ] 030 032 )] 004 005 ) 037 036 ]| 019 018
2005 I 75.3 117 147 ) 051 051 ) 024 024 ]| 097 097 | 070 070 | 049 049 | 043 043
2005 1l 471 00% 009|072 072|034 034 ) 015 015|074 074 )] 058 055 | 063 063

2005 | IV 56.9 017 017 013 -013)| 048 048] 0718 0718 )] 001 001 ) 063 063 | 039 038
2005 N4 709 006 -006) 025 -025)-023 -023] 025 025] 003 003 ) -006 -0D0OG| 039 039
2005 | w1 2.7 064 -064) 058 -058)|-065 -065]-058 -058]-018 -018]) -031 -031| -005 -0.05
2005 | Wl 1221 09 095 | 026 026 | 009 009 ) -001 -001)-005 -005] 028 0258 041 04
2005 | v 128.9 129 129 | 145 145|093 093] 073 073 ]| 062 062 | 055 055 | 063 0.68
2005 IX 51.9 056 046 | 124 124 | 162 152|103 103|085 085 )] 075 075 ] 082 092
2005 X 27.0 044 -044) 007y -007) 074 07v4] 106 106] 064 064 | 052 052]| 075 075

2005 Xl 63.5 03% 038 | -029 -029| 002 002]) 076 076 | 107 107 )] 068 068 | 043 043
2005 | X 28.0 047 047 | 026 026 | 033 -032)-001 -001) 075 075 )] 105 105 ] 051 051
2006 | 418 006 -006) 006 -006) 006 006]-044 -043]-017 -016) 068 067 | 058 057
2006 I 51.0 040 040 ] 010 010 | 005 005 ) 016 016 | -032 -032)]-007 -007] 040 040
2006 1l 121.6 185 1.85 | 161 1.61 125 125 | 102 102 | 107 107 ] 066 066 | 094 094

2006 Y 779 069 069 | 178 178 | 164 164 | 135 135 120 120 124 124 118 119
2006 Vv 46.4 078 -078) 033 -033 088 ) 09 090 ) 071 O07V1 ]| 064 064 | 035 098
2006 | W1 1045 011 011 | -045 -0.45 -0.21) 065 065 | 067 067 | 0565 055 122 122

colbso
W [=x]
EooN@

.

N

L

[¥5)

2006 | Wl 35.6 092 -092] 076 -0.76 -081 -081) 014 014 | 020 020 | 056 056
2006 | VI 183.4 198 198 | 110  1.10 093] 048 043 | 058 053 )| 117 117 | 094 094
2006 IX w7 126 126 ) 112 112 044 1 035 035 004 -004) 010 010 | 043 043
2006 X 27.5 043 -043) 167y -167) 063 063 )] 007 007 ] 004 004 030 -030)] 043 043
2006 Xl 30.6 -1.09 109 125 -125|-225 -225] 022 022 030 -030)-025 -025]| 012 012
2006 | X 83.7 084 084 | -003 -003|-057 -057]-145 -145] 050 0.50 002 -002)] 035 035
2007 | 534 034 035|074 075|004 004 ) -044 044 137 -139)] 056 055 ]| 045 044
2007 I 40.6 000 ©000] 013 013 | 054 054 ) -004 -004])-049 -049)] 136 -136] 037 037
2007 1l 77.6 0894 094 | 063 063 | 059 0595 ) 080 080|036 036])]-005 -005] 001 001
2007 Y 7.2 421 421] 065 -065)-063 -062]-043 -043]-002 -0.02] -049 -049| -064 -0.64
2007 \i 125.0 108 108|015 -015) 035 035] 025 025] 028 028 ) 05 053 | 009 008
2007 | w1 2.7 064 -064) 028 028|058 -0588]-013 -013]-017 -047) -011 -011| -018 -0.18
2007 | Wl 22.5 -145 145 183 183|058 -057)]-139 -139)]-088 -088)-086 -086]|-031 -0.31
2007 | VI 65.4 018 018 | -090 -08%9| -1.26 -126]) -047 -047] 110 -110] -0¥3 073 141 -1.41
2007 IX 100.4 08 083 | 065 065|023 -023]-063 -063|-006 -006]-066 -06G6]|-066 -0.6G6
2007 X 119.7 12% 129 | 159 1588 | 125 125] 055 055 015 015 ) 054 054 | 014 014
2007 Xl 1075 140 140 | 181 181 ] 210 210 | 162 162 | 09 096 | 0567 057 ] 071 071
2007 | X 51.3 003 -003) 097 097 | 171 171 | 202 202 | 160 160 | 08 087 | 051 0.51
2008 | 36.0 029 -029) 03 -038) 062 062] 138 141 190 192 ) 152 151 ] 039 038
2008 I 258.2 058 -055) 071 -071)|-068 -06G8)] 022 022] 108 108 | 158 158 | 029 029
2008 1l 96.5 136 136 )| 076 076 ) 040 040] 021 021 ] 080 080 | 149 149 | 043 043
2008 Y 46.0 070 -070) 074 074|032 032])] 006 006]-009 -009) 055 055| 078 0.78
2008 \i 72.9 001 -001) 046 -046) 043 043 ] 015 0715 ] -004 -004) -012 -012] 036 0.36
2008 | VI 778 051 -051) 046 -046)-071 -071)] 000 0O00]-019 -019)-031 -031| 040 040
2008 | vl 72.6 007 007|055 -055)|-053 -053)-074 -074)-010 -0710])-028 -023] 081 081
2008 | VI 21.9 117 117 )| 076 -076) -1.06 -106] -099 -099] 112 -1.12| -054 -0.54 | 042 042

2008 1X 63.9 031 031 ]| -064 -064]| 061 -061])-09 -090|-089 -089])]-104 -104] 015 015
2008 X 224 061 -061]) 043 -043)-105 -105]-095 -095]-114 -114]-1714 -114] -069 -0.69
2008 Xl 59.7 011 011 ] 060 -060| 046 -046) -087 -097)-091 -091)]-111 -111]-105 -1.05
2008 X 532 003 o003} 007 007|071 -071)-055 -056)-108 -108)-09 -095] -099 -0.99
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Appendix Il: Criteria for quality assessment of moisture conditions on
the basis of SPI which was chosen for operative usage in RHMSS

‘ EXPLANATION OF THE MOISTURE CONDITIONS CATEGORIES

Moisture conditions Value
~ Exceptionaldrought ~ SPI<-2.326
Extreme drought -2.326 < SPI <-1.645
Severe drought -1.645 <SPI <-1.282
Moderate drought -1.282 < SPI1 <-0.935
Minor drought -0.935 < SPI <-0.524
Near normal -0.524 < SPI < +0.524

Note: Criteria were defined only on the basis of SPI probability distribution - precipitation probability
distribution in the last instance. They are not defined by cause/effect analysis, that is, index
calibration according to the recorded consequences. However, even such criteria might help. Usually
there is a significant correlation between the magnitude and duration of precipitation regime
anomaly and detrimental consequences in agriculture, water management, etc.

‘MOISTURE CONDITION CATEGORIES OCCURRENCE PROBABILITY

Moisture conditions Probability
~ Exceptionaldrought 1%
Extreme drought 4%
Severe drought 5%
Moderate drought 7.5%
Minor drought 12.5%
Near normal 40%
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Appendix lll: Examples of drought analyses on the basis of SPI

m RHMSS Fxceptionaly wet

g Extremely wet
Considerably increased moisture
SPRING 2000 - DROUGHT IN SERBIA Moderately increased moisture
(SPI3 MAY 2009) Slightly increased moisture

Near normal

Minor drought

] Moderate drought

46.001 7 Severe drought
Extreme drought

# Exceptional drought

Lmm |
45501 =

s NOVI SAI)' ZRENJA
+ SMITROVICA BAG
45.001
* BEOGRAD
44 501
IEGOTIN
44001
43.501
{15
- QIENICA * KOPAONTK
43.001 + LESKOVAC
+ PRISTINA

42 .50
42.00

1900 1950 2000 2050 2100 2150 2200 2250 23.00
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Moisture condition changes in two regions of Serbia on the basis of two month SPI
calculated for successive months starting with year 2003 up to March 2010

3.0

20

Moisture W Extremely wet Regions = Vojvodina
conditions: Moderately/considerably increased moisture  of Serbia:
Usual moisture conditions —O0— Central Serbia
Moderate/severe drought

[ Extreme drought

Six month SPI for September might be use as the indicator of prevailing moisture
conditions during vegetation period. Vojvodina Province, 1961-2009

3.0

2.0

1.0

0.0

SPI-6

-1.0
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