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It is necessary to collect rainfall data for hydrological and hydrometeorological
studies. To prepare this data, it is necessary to observe and record it at
meteorological stations. In the process of determining rainfall amounts using rain
gauges, various types of errors can occur. Therefore, some errors may be introduced
into the final data during the observation and recording process. As a result, quality
control of rain gauge data is of utmost importance. The objective of this study was
to investigate the homogeneity of annual rainfall data at 61 rain gauge stations in
the province of Chaharmahal and Bakhtiari and at 82 rain gauge stations in the
province of Khuzestan. To detect the heterogeneity of the data, Pettit and
Buishand's non-parametric tests were compared. The results indicated that,
according to the Pettit test, the data of seven stations in Chaharmahal and Bakhtiari,
and 24 stations in Khuzestan provinces are heterogeneous among the investigated
stations. According to the Buishand test, there were significant differences in
rainfall data among the three stations in Khuzestan province. Consequently, the data
appears to be heterogeneous. It should be noted that even though both of these tests
are used to test the homogeneity of rainfall data, the Pettit test involves two
hypotheses with different continuous distributions. The Pettit test is considered
more reliable in detecting homogeneity in comparison to the Buishand test in the
study stations.
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EXTENDED ABSTRACT

Introduction: The accuracy of using many hydrological models relies on statistics and accurate precipitation
data. The most important part in hydrometeorological studies is the availability of correct and reliable data,
because the existence of wrong and outlier data will cause errors in the analysis. The history of quality control
has shown that the identification of outliers has been the main basis of studies. For this purpose, a quality
control test should be performed on the desired data. For this purpose, a quality control test should be performed
on the desired data. In addition, the evaluation of precipitation data is very important for water resources
management, flood forecasting, and warning decision making systems, because precipitation is one of the
climate variables that affects the spatial and temporal patterns of water access. It is necessary to check the
homogeneity of precipitation data before using it in hydro-climatic research. Therefore, inhomogeneities should
be identified and heterogeneous series should be removed. By applying quality control, the final data can be
used with confidence for the desired research and an acceptable result can be reached.

Methodology: In this study, quality control was considered for the data of rain gauge stations in Chaharmahal
and Bakhtiari and Khuzestan provinces in Iran. Identifying outliers is the main basis of quality control tests. An
outlier is a value that is much more or much less than most of the data in the list. After that, two methods were
used to test the homogeneity in the annual precipitation time series: Buishand and Pettit tests. The related
formulae for each test were applied to our data. To this end, the annual rainfall data of 61 rain gauge stations in
Chaharmahal and Bakhtiari province and 82 rain gauge stations in Khuzestan province was investigated.

Results and Discussion: Quality control primarily examines the presence of outlier data in comparison with
past historical data or data from nearby stations. The reason for the existence of outlier data in a time series of
data can be caused by human or instrumental errors during measurement. According to Buishand's test, it was
found that there is no heterogeneous data for one of the provinces (Chaharmahal and Bakhtiari), but for the other
province (Khuzestan), the three stations of Naal Kenan elevation, Zorabad, and Sarrak were heterogeneous.
Besides, the Pettit test showed that seven stations for Chaharmahal and Bakhtiari province and 24 stations for
Khuzestan province were heterogeneous.

Conclusion: The quality of the annual data of rain gauge stations in Chaharmahal, Bakhtiari and Khuzestan
provinces were checked and the results of each of two tests of Pettit Buishand were given. Both of these tests are
used to determine the heterogeneity of precipitation data, but the Petty test is used for continuous distributions,
two hypotheses are tested using continuous cases, but different from the combination. Therefore, this test is
recommended to detect homogeneity or heterogeneity of data in study stations.
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Figure 1- The geographical distribution and digital elevation model of the study stations over

Chaharmahal and Bakhtiari and Khuzestan provinces
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Table 1- The geographical characteristics and average annual precipitation of the study stations in
Chaharmahal and Bakhtiari province
Station Year Average rainfall (mm) Station Year Average rainfall (mm)
Ardal 1371-1401 515.7 .
Armand Aliya  1378-1401 4878 Soreshjan 1372-1401 alr.8
Sonak 1378-1383 426.1
Emamgeys 1375-1401 545.8
: Shalamzar 1372-1401 355
Aloni 1372-1401 427.4 .
Shalil 1378-1382 456.2
Avorgan 1365-1401 494.5 .
Shorabkabir 1378-1401 2335
Bardeh 1378-1401 306.2
Shahrekord 1360-1381 318.6
Bardbar 1378-1401 546.2
- Sheykhshaban 1377-1401 382.4
Burojen 1367-1401 240.3
" Salehabad 1378-1401 816.3
Boldaji 1378-1401 368.6 ;
Azizabad 1378-1401 776.6
Ben 1372-1391 331.9
. Farsan 1372-1401 441.6
Bizhgerd 1378-1401 307.4
Farokhshahr 1376-1401 267.8
Pole Zamankhan  1375-1401 3125 .
Airport (Shahrekord)  1380-1401 300.1
Konark 1390-1401 292.3 -
Kaj 1368-1385 515.5
Jonegan 1368-1401 616.2
Katola 1381-1384 398.9
Chaloshtor 1372-1401 324 .
. Koshaki 1378-1385 256.6
Chamangoli 1378-1392 805.3
Kohrang 1366-1401 1316
Chehraz 1378-1401 783.5 -
- Gerdbishe 1368-1401 589.3
Heydari 1377-1390 370.4
: Garmdare 1384-1401 181
Dare Namdari 1378-1380 368.2
Gandoman 1372-1401 140.4
Dezak 1375-1401 438.6
Lordegan 1372-1401 530.9
Dashtak 1378-1389 670.9 e
. Lirabi 1378-1401 384
Davab Samsami  1378-1401 694.5 -
Dopolan 1378-1401 518.6 Malkhalife 1372-1379 561.3
P ' Malkhalife(Felard) ~ 1372-1379 469.8
Dehnogorg allah  1378-1401 532.7
Mazesokhte 1391-1401 878.2
Rostamabad 1377-1401 607.2
Mohammadabad 1378-1382 187
Saman 1372-1401 310.3
Morghmalek 1368-1401 437.1
Saragaseyed 1386-1401 692.3 :
Manjbaraftab 1378-1401 528.9
Sarkhon 1377-1401 553.3
Naghan 1368-1401 534.2
Sardasht 1378-1401 537.4
. Vastegan 1378-1385 216.8
Sefiddasht 1381-1401 733 yancheshme 1368-1401 3398
Sodejan 1378-1401 278.4 '
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Table 2- The geographical characteristics and average annual precipitation of the study stations in Khuzestan

province
Station Statistical Average rainfall Station Statistical Average rainfall
years (mm) years (mm)
Nalekanan- 1378-1395 608.1 Deh-sadat 1355-1395 407.9
Elevation Deh-mola 1345-1395 218.7
Algen 1370-1395 1068.7 Doslaq 1382-1395 198.8
Ab-mantage gharb 1383-1395 222.7 Ramshir 1345-1395 232.6
Andika 1371-1395 36.9 Rakat- 1369-1395 649.5
Ahvaz 1345-1395 216.9 Nalekanan
Avand 1380-1395 696.1 Reno 1359-1394 519.1
Edanak 1348-1395 614.1 Zorabad 1365-1395 217.8
Izeh 1349-1395 599.2 Zeidon-Sardasht 1357-1395 306.6
Ab-shirin 1345-1395 349.5 Sepid-dasht 1346-139 710.8
Abfa khoramshahr 1352-1394 146.0 Dezfol-dam 1351-1395 358.3
Barangard 1350-1395 623.7 Dez-dam 1350-1395 4715
Baghmalek 1355-1395 558.7 Shohada- 1346-1395 339.1
Botvand-Shor 1345-1395 270.3 Behbahan
Belagh-Ab 1370-1395 670.7 Shahid- 1348-1395 551.2
Bandar-e 1354-1395 196.5 Abbaspour
Mahshahr Sarrak 1374-1395 691.9
Bozi-Shadegan 1348-1393 187.6 Sousan 1359-1395 759.6
Bibi-Talkhon 1377-1395 432.1 Sisakht 1346-1367 276.3
Bidestan 1381-1395 673.8 Shadegan 1376-1395 145.4
Pagaleh 1360-1395 600.1 Shosh 1351-1385 316.3
Pagchi- 1346-1395 283.3 Shoshtar-Shatit 1345-1381 219.7
Ramhormoz Shol-Abad 1380-1394 998.1
Paye-Pol 1345-1395 290.2 Abdolkhan 1351-1395 224.1
Pol-e Zal 1348-1395 419.5 Arab-Hasan- 1361-1395 266.2
Pol-e Shalo 1345-1395 759.3 Asad
Pol-e Lali 1361-1376 425.1 Qale-Tel 1355-1395 570.3
Takht-e Kabod 1384-1395 379.8 Qale-Sard 1380-1395 669.6
Tel-e Zang 1345-1395 851.7 Karon 4 1381-1390 487.9
Tang-e Panj 1346-1395 1134.1 Kashkol 1370-1395 658.6
Bakhtiari Kabir-koh 1381-1394 271.8
Jelogir 1345-1382 456.8 Camp-e Jarahi 352-1395 186.5
Jow Kanak 1345-1395 339 Kopal 3 1361-1395 216.3
Cheshme Taraz 1347-1366 411.6 Gotvand 1345-1395 380.8
Cheshme-Khaton 1380-1395 713.3 Godar-Landar 1345-1376 485.1
Cheshme-Shirin 1355-1395 578.4 Gorgor 1350-1395 194.8
Chelo 1380-1395 1017.1 Gelgir 1380-1395 350.3
Cham-Gaz 1351-1395 481.9 Gandab 1355-1395 521.5
Cham-Nezam 1356-1395 336.2 Mashin 1349-1395 368.6
Harmale 1349-1395 2325 Mal-aga 1355-1395 7314
Khosrowabad- 1347-1373 148.5 Meshrag-e 1346-1395 215.5
Arvand Abotovij
Darkhazine 1345-1395 283.7 Molasani 1346-1395 226.1
Dareh-Shor 1377-1395 523.6 Haft-Tape 1351-1395 269.2
Deli-Bakhtiar 1361-1395 560.3 Haftkal 1357-1395 293.1
Damdali 1380-1395 454.8 Hendijan 1357-1395 2115

Sl Gblia ;5 (il g 9 Ol pdd o ) AV (401 oyl Olaseie (S5 -F Jgaa
Table 3- Some descriptive characteristics of annual precipitation (coefficient of variation and variance) in the study

areas

Province Coefficient of variation Variance
Chaharmahal and Bakhtiari 0.0125 65.3
Khuzestan 0.0131 60
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4- The stations with the outlier and the related years (Chaharmahal and Bakhtiari province)

Station Outlier years Station Ouitlier years Station Outlier years
Bardbar 1378 Azizabad 1384 Kaj 3 years
Konark 1390 Farsan 1385 Mohammadabad 1378
Heydari 1377-1390 (Except 1383 &1384) Davab-Samsami 3 years Saman 1384

(obwjo lml) of a3 bgryo (s JUo g (Pout) @y dais (51,15 (g0l -0 Jgs>
Table 5- The stations with the outlier and related years (Khuzestan province)

Station Outlier years  Station Outlier years  Station Outlier years
Nalekanan-Elevation 1380 Jow Kanak 1354 Sousan 1371
Algen >10 years Cheshme Taraz 1365 Shosh 2 years
Ahvaz 1376 Chelo 1388 Shoshtar-Shatit 3 years
Edanak 1354 Cham-Nezam 2 years Arab-Hasan-Asad 1371
Ab-Shirin 1365 Harmale 8 years Qale-Sard 1380
Botvand-Shor 1371 Darkhazine 2 years Camp-e Jarahi 2 years
Bandar-e Mahshahr 2 years Deh-mola 2 years Gotvand 1354
Paye-Pol 1354 Reno 1371 Mal-aga 1356
Pol-e Shalo 1384 Zeidon-Sardasht 1380 Meshrag-e Abotovij 1354
Tel-e Zang 1371 Sepid-dasht 1350 Haft-Tape 1376
Tang-e Panj Bakhtiari 1371 Shohada-Behbahan 1354 Hendijan 1373

Obwjod bl gl (Sk) Slim (19051 (FR0d s Jole =1 Jga
Table 6- The Buishand test homogeneity detection factor (S*k) for Khuzestan province

Station Sk
Nalekanan-Elevation 43.43
Zorabad 3.32
Sarrak 49.36
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Figure 2- The distribution of heterogeneous stations based on Buishand test for Khuzestan province
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Table 7- The parameters of Pettit homogeneity test (P-value) and determination of non-homogeneous stations over
Chaharmahal and Bakhtiari province

Station Bardeh Bardbar ~ Garmdare Dehnogorg Saman Sonak Farokhshahr
allah
P-value 1.653 0.956 1.55 0.63 0.893 1.842 0.94

Ol g bl ;3 Ko b (ol ] cpnni g (P-value) (o (19051 (SSod hodmw yol,b —A Jous
Table 8- The parameters of Pettit homogeneity test (P-value) and determination of non-homogeneous stations over
Khuzestan province

Station P-value Station P-value Station P-value
Edanak 1.696 Ramshir 1.05 Camp-e Jarahi 1.78
Bandar-e Mahshahr 0.94 Zorabad 1.74 Kopal 3 1.96
Pagchi-Ramhormoz 1.34 Sepid-dasht 1.95 Gotvand 1.83
Pol-e Zal 1.74 Dezfol-dam 1.042 Godar-Landar 1.2
Pol-e Shalo 1.85 Shahid-Abbaspour 1.15 Gorgor 1.94
Tang-e Panj Bakhtiari 1.8 Sarrak 1.97 Molasani 1.24
Harmale 1.98 Shosh 0.67 Meshrag-e Abotovij 0.66
Deh-mola 1.02 Abdolkhan 1.53 Haftkal 1.82
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