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EXTENDED ABSTRACT

As the title suggests, the main purpose of the present work is to investigate
drought effects on the water needs of the crops of Tavronitis river basin.

Tavronitis river basin is located in the northern part of Chania Prefecture to the
west of the island of Crete in Greece. Notable information is that the lowlands of
the basin belong to a greater plain known as Chania Plain, an area with great
economic impact in internal and external markets. The area of the river basin is
almost 131 km? and stretches from the White Mountains to the south, all the way
up to the coast to the north. The shape of the basin reminds a drop of water,
meaning that it is very wide to the south and extremely narrow to the north. The
average altitude of the basin is 463m, while the ground in the south part is
heavily inclined. In terms of geology, the formations are a product of the Alpine
orogenesis. These geological formations prove to be crucial for the growth of
three arboricultures. Olive trees, avocado and orange trees.

Tavronitis river is actually a torrent which is formed by three individual smaller
streams: Sebreniotis, Roumatianos and Derianos.

Firstly, the reconnaissance and extraction of the boundaries of each and every
individual piece of field, within basinds b
arboricultures mentioned above, was undertaken. The technique used for the
reconnaissance of the respective boundaries of each field is known as photo
interpretation and is one of the assets Remote Sensing has to offer, taking into
account the importation of the personal judgment of the engineer performing it.
The photo interpretation took place in a G.I.S. environment known as QGIS,
where digital photos were used as background in order to extract the information
needed to create thematical maps of the arboricultures. The composition of the
maps was performed in ArcGIS. A variety of characteristics were used for the
recognition of the arboricultures such as the shape of the tree, the hue of the
tree, the texture of the field etc. In the meantime, other elements were extracted
such as the settlements within the basin, the primary road network and the
riverbeds of the streams. All the data acquired refer to the period of September-
October 2017.

Olive trees plantations seem to possess a primary role in the region due to the
fact that they cover 95% of the cultivated area. The valuable avocado plantations
follow with 5%, while orange plantations possess less than 0.1% of the whole
cultivated area which is 30.15 km?. In addition, pictures from different time
periods suggest that olive tree plantations are expanding upon the mountainous
regions, while more orange trees are converted into avocado trees due to
economic advantage of the latter. Also, the primary irrigation technique that could
be recognized, was that of drip irrigation. This technique is considered to be one
of the most economic, taking into account both water volumes and energy it
consumes. The volume of irrigation water required in the area, is, at the moment,



extracted by boreholes. In fact, this is a major problem causing the
overexploitation of underground water. Thus, two dams are to be constructed
inside the river basin, so that their reservoirs can be used for irrigation purposes
(in Derianos and Sebreniotis streams).

Furthermore, hydrologic investigation was necessary in order to estimate key
elements required for the relevant processes, i.e., correlation coefficients
between the rainfall stations located within the basin, homogeneity check,
supplementation of missing data, rainfall increase as a result of altitude increase,
surface rainfall of the basin using Thiessen polygons method, temperature
decrease as a result of altitude increase and evapotranspiration using the
method of Thornthwaite.

The hydrological elements mentioned above were useful for estimating the
meteorological drought that occasionally occurs during the core of the irrigation
period (April-September) in the region. The RDI drought index was chosen. Via
this index it can be estimated whether or not drought effects are important by
using as input both monthly rainfall and evapotranspiration data, which is its
great advantage and for that, i nal&csentiice ner al | vy
community. The outcome is a number that is compared to an RDI scale. Doing
so, drought intensity can be guantified. In our case the RDI index was calculated
for the whole river basin. To accomplish that, the basin was divided into squares
with 1 km side. The data required for computing this index were transferred to the
center of each square, from each rainfall station, by using the inverse distance
method. Results were imprinted into thematical maps for each hydrologic year of
the time series considered (i.e. from 1971-72 to 2005-06).

The final step of this work was the calculation of the total water needs of the
arboricultures in the river basin. The water needs were calculated for the whole
estimated area of each arboriculture, as it was exported previously with Remote
Sensing methods, using the suggested by FAO, Penman-Monteith method. By
this method, at first, the reference evapotranspiration (ETo) was calculated and
after that, using the crop specific coefficient (Kc) for each arboriculture, the
potential or crop evapotranspiration (ETc or PETc) was derived. The variable of
effective rainfall was also used in this study because is closely related to drought
phenomenon. The water needs were calculated for the same 35 year time period
as the drought index RDI, with an extension of two months (meaning that the
water needs were calculated from March to October). This because irrigation
period for arboricultures is larger than usual.

The annual crops water needs of the driest year, indicated as the year with the
highest water needs, were compared to the secured demand at almost 100%
covered by the active combined volume of the reservoirs of the proposed dams.
As a matter of fact, crops water needs for this year were found to be slightly
lower than the secured demand derived from the combined reservoirs simulation.
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(Bas3sUsaUds Urxd)Yooars  UJWdeadsUe i g9 Ua© & .
baszUaU@oseybtj:acee U0y say udkilesic yeUb sl . Aege YU¥ 3
JnfiwvnfniB 1rfcEfx BPr® opd
JraerB nmm® wng 1 mnm BIJ‘D"‘PIJB uBf JEY cT
1L{BorerY [BrBIEB IBlfBJ{Slugf{Bﬂq’ OP Hnd
sBf mBy1 Y wf rE&r ® Ho" nt14d
Infersmire (nrBryey [Bifimifa
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Info nksuyd 1en® pnrd b1 @ wnwd BfO BIfY i sl 0l [® BImA 1nfd 1179
1960-61 13.3 211.4 236.8 200.7 448.4 136.4 54.3 21.2 19.8 0.0 0.0 28.7 1371.0
1961-62 535.2 57.1 367.6 327.4 230.6 62.7 26.6 58.5 3.4 0.0 0.0 1.8 1670.9
1962-63 323.6 76.2 418.1 338.3 205.6 215.8 57.1 33.4 20.0 0.0 0.0 86.6 1774.7
1963-64 248.8 97.3 63.2 429.0 128.0 5 45.7 14.8 18.8 0.0 0.0 0.0 1181.1
1964-65 27.2 2.7 212.2 469.4 37.0 176.0 26.6 71.0 45.0 0.0 0.0 37.7 1144.8
1965-66 32.0 12.0 133.0 274.0 60.0 309.0 28.0 50.0 33.0 0.0 0.0 0.0 931.0
1966-67 66.0 194.0 490.0 288.0 171.0 380.0 100.0 20.0 8.0 0.0 0.0 136.5 1853.5
1967-68 215.0 110.0 475.0 530.0 410.0 95.0 40.0 0.0 35.0 0.0 0.0 30.0 1940.0
1968-69 370.0 350.0 355.0 615.0 80.0 240.0 120.0 70.0 0.0 0.0 0.0 0.0 2200.0
1969-70 170.0 60.0 480.0 160.0 132.0 211.0 26.0 23.0 0.0 0.0 0.0 15.0 1277.0
1970-71 178.0 175.0 131.0 485.0 448.0 108.0 50.0 10.0 1.0 4.0 5.0 48.0 1643.0
1971-72 56.0 152.0 75.6 91.5 126.0 269.8 160.9 26.7 6.0 0.7 2.5 36.0 1003.7
1972-73 277.5 54.7 242.0 476.5 254.0 28.7 97.7 0.5 0.0 0.0 0.0 515) 1437.1
1973-74 218.5 126.7 58.8 161.9 164.7 180.0 3.1 7.4 24.0 0.0 0.0 0.0 945.1
1974-75 68.0 152.4 244.0 322.2 280.4 49.4 37.0 15.4 22.7 0.0 0.0 42.4 1233.9
1975-76 24.9 188.5 247.5 290.5 261.8 335.2 89.6 4.0 4.2 3.0 0.0 1.7 1450.9
1976-77 307.9 174.2 113.2 83.2 60.6 129.2 104.4 0.0 0.0 12.0 0.0 0.0 984.7
1977-78 24.8 150.6 598.0 411.5 179.1 186.4 5583 &8 0.0 0.0 0.0 140.4 1749.4
1978-79 151.9 148.8 223.7 177.0 224.6 123.0 45.1 37.2 76.3 5.9 0.0 68.6 1282.1
1979-80 80.8 350.7 345.0 254.5 329.6 104.6 44.4 7.8 1.5 0.0 7.5 11.3 1537.7
1980-81 11.5 110.6 51.7 227.2 815.8 301.2 50.4 26.3 14.5 0.0 0.0 11.5 1620.7
1981-82 8.5 287.3 342.0 167.5 467.8 303.9 70.2 65.5 0.0 1.0 8.3 0.0 1722.0
1982-83 8518 147.7 188.4 278.4 245.7 135.7 55 8.6 68.7 1.0 11.0 &3 1139.3
1983-84 130.7 180.3 259.2 157.9 B5183) 99.0 90.7 2.7 0.0 1.0 0.0 91.2 1364.0
1984-85 15.3 366.7 238.5 470.7 139.4 103.1 65.2 2.3 0.0 0.0 0.0 0.0 1401.2
1985-86 145.0 92.4 278.9 138.0 175.4 79.0 0.0 63.5 13.6 0.0 1.0 6.5 993.3
1986-87 134.7 158.8 234.5 200.6 186.8 182.1 229.6 o15) 0.0 0.0 0.0 96.5 1429.1
1987-88 22.8 142.2 167.7 131.9 B3818) 192.2 13.5 36.2 0.0 0.0 0.0 0.0 1039.8
1988-89 130.1 184.7 268.1 246.6 47.7 422.9 4.0 12.4 0.0 0.0 0.0 13.2 1329.7
1989-90 107.2 152.8 39.1 69.0 145.6 5.2 48.4 0.5 14.7 0.0 57.2 0.0 639.7
1990-91 28.8 39.5 188.7 267.6 145.5 54.5 51.0 33.2 2.3 0.0 0.0 16.2 827.3
1991-92 87.8 81.5 585.1 128.1 146.5 156.6 49.0 73.8 2.0 0.0 0.0 0.0 1310.4
1992-93 2.0 76.6 245.7 266.4 335.0 103.3 30.3 30.1 1.0 0.0 0.0 0.0 1090.4
1993-94 62.0 273.8 77.0 318.5 166.6 44.8 59.5 20.0 0.0 0.0 0.0 9.5 1031.7
1994-95 104.2 239.7 136.1 193.2 44.6 127.0 43.0 1.2 0.0 3.0 0.0 0.0 892.0
1995-96 66.5 165.0 127.0 243.7 308.9 258.7 13.3 43.9 0.0 0.0 0.0 69.5 1296.5
1996-97 114.3 35.8 435.1 332.2 272.3 423.4 43.5 42.0 0.0 0.0 0.0 128.6 1827.2
1997-98 61.1 195.1 252.0 238.7 31.1 317.0 75.0 54.6 0.0 0.0 0.0 7.5 1232.1
1998-99 69.7 186.1 486.2 &S 103.0 98.6 18.0 0.0 0.0 0.0 0.0 0.0 1334.9
1999-00 5.6 51.1 248.0 382.0 133.0 76.9 141.0 17.1 0.0 0.0 0.0 36.7 1090.5
2000-01 56.5 174.0 260.0 315.0 345.0 45.1 96.2 60.0 0.0 0.0 0.0 4.0 1355.6
2001-02 12.5 279.0 355.0 245.0 120.0 121.0 64.9 6.2 0.0 55 11.5 0.0 1220.5
2002-03 114.0 187.0 302.0 238.0 449.0 212.0 130.0 60.0 0.0 0.0 7.0 38.2 1737.0
2003-04 2.6 220.0 305.0 321.0 142.0 33.6 30.0 3.8 0.0 0.0 0.0 2.5 1060.6
2004-05 31.0 147.0 196.0 206.0 221.0 36.3 52.7 43.2 0.0 2.2 2.0 13.0 950.2
2005-06 56.0 196.0 166.0 370.0 287.0 48.0 18.0 0.0 1.0 4.0 0.0 78.5 1223.2
re j 9 535.2 366.7 598.0 615.0 815.8 423.4 229.6 73.8 76.3 12.0 57.2 140.4 2200.0
n<ao . 720 12.0 39.1 69.0 311 5.2 0.0 0.0 0.0 0.0 0.0 0.0 639.7
r ds ¢ 108.8 157.7 259.6 280.7 225.9 162.1 59.0 25.8 9.5 0.9 2.5 28.6 1321.1
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r w h B h - 0 j A
1251 | 1171.5 [ 660.8 [
N h > h > _ A e [e)
316 [ 235 [ 15 [
EUG3U;U Ysars Ueas UsUfFas4e3sgUs es eUUjelilUsd U
, , I o
Uy se@is)jsewdddid aUs U slieliUfR UgeeUUsced
o o , , ,©
yeUU°c{a~Ul9¢‘§dUQ3 z0GU0) esoe Udd Uszalrldd g 0
"1 80i U8®UsU0U); UayYUfrYesgUpUd 4. 5)
"dasUsaUd 4.5: K 9GUsUsUsa¥ i yd Ubnyseesashyg ol vIhigmpene U0 Ud ey dat
S, hagthEeR oY coL 0 > Cosw T AN T T O AL A CKA
info nfssrfo] yeno | pnrof s61 o wnwol ckfo] Bifo] rkid wnlmulrlwslmm} tnjo 1110
1971-72 97.7 127.0 785 909 1141 188.0 1709 19.5 35 23 27 265 921.6
1972-73 2427 68.4 168.0 389.8 218.6 323 83.7 0.3 0.0 0.0 0.1 48 12087
1973-74 1447 1198 85.2 168.1 153.6 169.2 2.9 46 29 0.0 0.4 2.0 894.4
1974-75 63.1 155.7 2023 271.2 2314 43 37.3 143 19.4 0.0 1.0 318 1068.6
1975-76 99.6 1705 199.0 245.4 2372 3483 85.0 31 5.0 20 0.0 1.0 1396.0
1976-77 2085 144.4 1920 74.2 54.2 1114 84.6 0.0 0.0 76 0.0 4.2 917.1
1977-78 520 1280 419.7 3243 158.7 1759 54.6 34 0.0 0.0 0.0 109.6 1426.2
1978-79 1433 169.6 200.4 159.7 203.4 1245 49 36.0 65.5 35 0.0 50.3 12011
1979-80 89.8 233.1 273.9 237 3135 95.4 37.9 56 13 0.0 55 201 1299.8
1980-81 24.9 1437 107.7 3776 500.8 193.0 365 17.7 8.5 0.0 0.0 17 1512.1
1981-82 15.7 2405 2716 147.7 385.7 2389 716 68.5 0.0 0.6 7.9 0.0 14486
1982-83 69.3 161.3 176.6 2200 2116 108.8 13.2 7.9 513 0.9 10.9 18.7 1050.6
1983-84 1106 1810 2173 1475 355.1 923 9.8 27 0.0 13 0.0 56.4 12638
1984-85 43 262.3 2023 3919 136.5 87.1 55.9 23 0.0 0.0 0.0 0.0 1186.7
1985-86 130.6 89.4 2400 1361 157.6 79.0 2.9 545 131 0.0 07 4.0 947.8
1986-87 94.2 1488 189.4 182.1 182.0 168.8 196.2 5.6 0.0 0.0 0.0 63.7 12309
1987-88 400 139.8 166.1 1282 261.8 1713 154 2.6 0.0 0.0 0.0 12 952.5
1988-89 99.7 169.3 186.6 200.2 463 347.8 51 126 0.0 0.0 0.0 9.3 1076.9
1989-90 78.2 1140 80.9 76.5 1243 8.3 439 14 105 0.0 476 7.0 592.7
1990-01 383 67.8 1761 255.6 169.6 1411 53.6 2.7 24 0.0 0.0 113 937.4
1991-92 1135 97.5 4147 102.2 1100 1419 705 484 27 15 0.0 62.8 1165.7
1992-93 320 68.9 293.0 3449 251.0 137.6 322 205 0.7 0.0 0.0 122 11929
1993-94 78.0 2198 1153 25715 1724 704 50.2 %5 2.2 0.0 0.0 6.9 1028.2
1994-95 1023 2299 189.8 190.8 186.3 1132 355 6.6 0.0 46 7.6 8.3 1075.1
1995-96 66.2 117.6 1237 3990 264.0 179.6 15.8 319 0.0 0.0 0.0 461 12438
1996-97 80.0 835 3253 250.1 286.2 346.0 52.0 63.6 0.0 0.0 0.0 84.7 15715
1997-98 47 156.1 197.4 236.4 130.7 2439 %1 3.7 16.1 6.4 8.7 285 11539
1996-99 79.3 199.0 368.1 306.2 1491 98.7 3.1 0.0 0.0 43 0.0 0.7 12404
1999-00 17.7 1785 234.7 399.9 1335 94.1 115.0 15.0 0.0 0.0 0.0 2.3 12132
2000-01 7.7 1280 2453 234.0 261.8 56.7 62.3 60.1 0.0 0.0 0.0 40 1165.8
2001-02 50.8 250.4 281.7 2108 1321 1025 454 58 9.9 37 10.7 175 1130.1
2002-03 79.6 181.2 2481 202.6 402.8 162.2 1196 404 0.0 0.0 45 2.6 1466.6
2003-04 a1 167.3 244.7 296.9 1413 856 35.0 31 0.0 0.0 0.0 23 980.5
2004-05 58.7 1251 1933 1780 185.9 523 35.6 4.2 44 14 13 4.2 925.2
2005-06 4.0 1731 146.4 286.4 241 84.9 64.9 2.2 0.7 25 0.0 519 11023
rnys) HIs1820 [ 1546 [ 2130 | 2316 | 2102 | 1386 | 578 | 203 | 75 12 | 31 | 283 1148.2
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1pfo nlfersr o] yenod| pnrof a1 wnwo rsfo] BIfO] i ssiyfess)(foBImd ynfo 1130
197172 106.3 1381 85.4 %9 141 2045 1859 213 38 25 30 88 10027
1972-73 264.1 74.5 182.7 4241 237.8 35.1 91.1 0.3 0.0 0.0 0.1 5.2 1315.0
1973-74 1574 1304 927 1829 1671 1841 32 50 249 00 04 250 9731
1974-75 68.6 169.4 220.1 295.1 251.8 44.9 40.6 15.5 21.1 0.0 11 34.6 1162.6
197576 108.3 1855 265 2670 281 37189 925 34 54 22 00 11 1518.9
1976.77 2269 1571 2089 807 589 1212 91 00 00 83 00 87 %78
1977-78 56.5 1303 566 28 127 1914 504 37 00 00 00 1193  1%5L7
1978-79 155.9 1845 280 1738 2213 1355 489 %2 712 38 00 548 13068
1979-80 977 2536 2080 234 311 138 413 6.1 14 00 60 29 14142
1980-81 271 156.3 172 408 6428 200 97 192 93 00 00 27 16452
198182 171 2616 055 1607 4196 2599 79 745 00 06 86 00 1576.1
1982-83 754 1755 1921 2394 2303 1184 144 86 558 09 118 204 11430
1983-84 1203 197.0 264 1605 3863 1004 1085 29 00 14 00 613 13751
1984-85 526 285.4 201 464 185 948 60.8 25 00 00 00 00 1291.1
1985-86 142.1 97.2 261.1 148.0 1715 85.9 31 59.3 14.3 0.0 0.7 47.9 1031.2
1986-87 1025 161.9 061 181 1980 187 2135 61 00 00 00 693 13302
1987-88 85 1521 1808 1305 2848 183 167 31 00 00 00 14 1036.3
1988-89 1084 184.2 030 2178 503 3784 55 B7 00 00 00 01 1717
1989-90 85.1 1241 88.0 83 1352 a1 478 15 114 00 518 76 644.9
1990-91 47 737 1916 2781 185 1535 583 286 26 00 00 123 10199
1991-92 123.4 106.1 451.2 111.2 119.7 154.4 76.8 52.6 3.0 17 0.0 68.3 1268.2
1992-93 48 750 u87 352 2731 1497 B0 23 07 00 00 132 12078
1993-94 848 291 1255 2801 1876 766 644 218 253 00 00 75 11187
1994-95 1113 250.2 065 276 227 182 37 72 00 50 83 90 1160.7
1995-9 721 1219 1346 4%1 2872 1954 171 M7 00 00 00 501 13533
199697 871 %038 340 221 34 3764 565 692 00 00 00 ®1 17097
1997-98 487 169.9 248 %72 22 253 %5 89 176 70 95 30 12554
199899 86.2 2165 005 31 1622 1073 382 00 00 47 00 08 13495
1999-00 192 194.2 2554 431 1453 1024 151 163 00 00 00 275 1300
200001 846 1303 669 2546 2848 6L7 678 654 00 00 00 B85 12684
20002 65.0 4 W64 293 37 1115 493 63 108 41 17 190 1296
2002:03 86.6 197.2 2609 204 482 1765 101 40 00 00 49 279 1556
200304 480 1820 663 330 1537 497 380 34 00 00 00 25 1066.8
200405 63.9 136.1 203 1936 2022 569 B7 M8 48 15 14 525 10066
2005-06 50.1 188.3 1502 3116 2656 9.4 706 24 07 27 00 565 11993
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GUUde1 3) g eacoa0UdaU d eyldd dUjyeesoajy UGaU aU
99U UU UsgU¥YpWoyBae. yoossU U bYld Uss Ui =

gus @ gt ( de& JF100 (4.9)

, ed3U#doeysd dUjegalo ) WelihdliUspcd dUpesecoay Ulal
Zge J Uoei, d d dlilg emplaecamyiffs U@myo Bbadkdsdd (46
gyheUOUy e Usg aUUde mi( YhigeeUo)Ulfo c4i. 8()2 3 5

a3 UdU@®: j3doeysUd dUjesoaj U0aUd GUe eyilde gyheUU) s |

B/\'J>W/\' '8 >Y ¢~ h > h ‘_" >w Y \,'>5_'“ _'. <5¢h/\'l d

Phel wrfaen] nnr| | wnwl B | Brg| Bl yastp sim g | PO
1971-72| 16.2 13.2 9.2 8.7 8.9 10.2 15.2 17.2 23.2 23.2 24.2 22.2 16.0
1972-73| 18.2 13.2 12.2 8.2 10.2 10.2 13.2 19.2 22.2 26.2 23.2 21.2 16.5
1973-74| 20.2 13.2 9.2 7.8 10.2 10.2 14.2 18.2 23.2 24.2 23.2 21.2 16.3
1974-75| 17.2 13.2 9.2 8.1 7.9 13.2 14.2 19.2 22.2 24.2 23.2 21.2 16.1
1975-76| 18.2 23.2 11.2 9.2 7.7 10.2 14.2 17.2 21.2 23.2 22.2 21.2 16.6
1976-77| 15.2 16.2 9.2 9.2 13.2 11.2 13.2 19.2 23.2 26.2 25.2 21.2 16.9
1977-78| 16.2 11.2 12.2 9.1 11.2 11.2 14.2 19.2 23.2 24.2 23.2 20.2 16.3
1978-79| 19.2 15.2 11.2 10.2 11.2 13.2 13.2 18.2 23.2 24.2 25.2 22.2 17.2
1979-80| 18.2 17.2 11.2 8.9 8.1 11.2 13.2 17.2 23.2 24.2 23.2 20.2 16.4
1980-81| 20.2 12.2 13.2 7.2 9.2 13.2 15.2 16.2 23.2 24.2 23.2 22.2 16.6
1981-82| 18.2 13.2 11.2 11.2 8.2 10.2 14.2 16.2 23.2 23.2 23.2 21.2 16.1
1982-83| 16.2 13.2 9.2 8.2 8.2 11.2 15.2 18.2 21.2 24.2 23.2 19.2 15.6
1983-84| 17.2 12.2 8.2 9.2 8.2 10.2 11.2 17.2 18.2 21.2 20.2 20.2 14.5
1984-85| 13.2 13.2 9.2 9.2 8.2 9.2 15.2 18.2 21.2 22.2 23.2 19.2 15.1
1985-86| 17.2 13.2 10.2 10.2 12.2 10.2 15.2 16.2 22.2 23.2 24.2 21.2 16.3
1986-87| 18.2 14.2 11.2 10.2 10.2 8.2 13.2 16.2 22.2 24.2 24.2 22.2 16.2
1987-88| 16.2 11.2 10.2 10.2 9.2 12.2 14.2 18.2 23.2 24.2 23.2 21.2 16.1
1988-89| 15.2 13.2 11.2 7.2 9.2 11.2 14.2 15.2 20.2 22.2 22.2 20.2 15.1
1989-90| 17.2 16.2 12.2 7.2 9.2 11.2 14.2 17.2 21.2 23.2 22.2 21.2 16.1
1990-91| 18.8 15.3 13.1 8.9 8.4 10.3 14.3 17.9 22.1 23.4 23.1 21.2 16.4
1991-92| 18.8 13.6 9.3 11.8 11.8 12.4 14.9 18.3 19.7 22.2 23.3 21.7 16.5
1992-93| 16.7 14.5 12.2 8.0 9.2 9.1 11.0 14.9 19.7 21.0 15.5 16.4 14.0
1993-94| 16.6 14.3 11.9 10.1 8.9 10.0 11.8 16.9 22.8 25.3 235 19.1 16.0
1994-95| 16.8 14.3 11.9 10.1 8.9 10.0 11.8 16.9 23.0 25.3 235 19.1 16.0
1995-96| 20.9 16.9 12.1 8.9 9.3 11.5 14.6 18.5 22.2 22.3 24.8 235 17.1
1996-97| 16.0 14.9 12.2 8.2 10.6 11.2 15.8 17.7 20.7 24.5 24.0 22.1 16.5
1997-98| 15.5 13.7 9.9 9.0 8.8 12.3 12.5 18.9 23.0 22.9 23.3 19.5 15.8
1998-99| 15.7 12.8 8.7 8.2 8.4 9.7 14.7 16.7 22.7 22.7 23.7 21.7 15.5
1999-00| 18.1 13.2 12.1 8.0 9.9 10.1 13.1 19.1 22.2 26.3 23.1 211 16.4
2000-01( 19.7 12.6 8.7 7.2 9.7 9.7 13.7 17.9 22.1 23.9 22.3 20.7 15.7
2001-02 17.2 13.3 9.2 8.4 7.6 13.1 14.2 18.7 24.0 23.7 23.2 21.2 16.2
2002-03| 17.6 22.5 10.6 8.8 7.2 9.7 14.5 17.0 20.7 235 21.6 20.1 16.2
2003-04( 15.0 16.1 9.0 9.3 12.9 11.1 12.7 18.9 23.0 25.9 25.0 211 16.7
2004-05| 15.8 10.7 11.8 8.4 10.7 10.7 14.2 18.5 22.1 23.3 22.3 19.8 15.7
2005-06| 19.3 15.0 11.3 10.0 10.9 13.1 13.1 18.0 23.8 24.3 25.3 22.3 17.2
max 20.9 23.2 13.2 11.8 13.2 13.2 15.8 19.2 24.0 26.3 25,8 23.5 17.2
min 13.2 10.7 8.2 7.2 7.2 8.2 11.0 14.9 18.2 21.0 15,5 16.4 14.0
M.O. 17.3 14.4 10.7 9.0 9.6 10.9 13.8 17.7 22.2 23.8 23.1 20.9 16.1
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RDI

1971-~/2
KAIMAKA

<-2.00

-1.50 to -1.99

-1.00 to -1.49

-0.99 to 0.99

1.00 to 1.49

1.50 to 1.99

> 2.00
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RDd & Ud

1973-74
KAIMAKA
<-2.00
-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99
> 2.00
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Ues3 URDHa Uq

RDI

1972-73
KAIMAKA

<-2.00

-1.50 to -1.99

-1.00 to -1.49

-0.99 to 0.99

1.00 to 1.49

1.50 to 1.99

> 2.00

"gyesU Upt jvy0dd adqyUGald "gyesl U

Uess uRDHoa Ud

RDI

1974-75
KAIMAKA
<-2.00

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49

1.50 to 1.99

> 2.00

i Yy 0Udd 3dyUtald "gyesU Uy
Usa uRDHNa Ud
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RDI

1975-76
KAIMAKA

<-2.00

1.00 to 1.49

1.50 to 1.99

> 2.00

j Y3 0dd sdy UGaUg
Uss {iRDHosUq

RDI

1977-78
KAIMAKA
<-2.00

> 2.00

i Yy Udd 3dyU8ald "gyesU U
Us3 uRDNs Ud

-1.50 to -1.99
-1.00 to -1.49

-0.99 to 0.99

“gresU Uyt

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49

1.50 to 1.99

RDI

1976-77
KAIMAKA

<-2.00

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00

i Y1 Udd ady UtalU
u

d
Ug s RDh o Ud

RDI
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KAIMAKA
<-2.00

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00

i Yy 0dd 3dy UtaUgd
Uecsz uRDNaUq
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RDI

1979-80
/ KAIMAKA

<-2.00

-1.50 to -1.99

-1.00 to -1.49

-0.99 to 0.99

1.00 to 1.49

1.50 to 1.99

> 2.00

i Y3 0dd 3djy U8ald "gyesU Uy
Ues3 URDEa Ud
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1981-82
KAIMAKA

<-2.00

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00
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Us3 uRDEs Ud
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1.50 to 1.99
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(UNCIE
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<-2.00
=1.50/t0:=1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00
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1983-84
KAIMAKA

<-2.00

=1.50 10 -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49

1.50 to 1.99

> 2.00
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Uess uRDHoa Ud
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KAIMAKA
<-2.00
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1986-87
KAIMAKA
<-2.00
-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99
> 2.00
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RDI RDI
1987-88 1988-89
KAIMAKA KAIMAKA

<-2.00 <-2.00
-1.50 to -1.99 -1.50 to -1.99
-1.00 to -1.49 -1.00 to -1.49
-0.99 t0 0.99 -0.99 to 0.99
1.00 to 1.49 1.00 to 1.49
1.50 to 1.99 1.50 to 1.99
> 2.00 > 2.00
i ¥y 0dd 3q;"UﬂaUg: ’g”;est Uy i vy Odd 3~q;”0ﬁ00g’ "gresU U)1
Uss uRDNa Uq Uess uRDNosUdq
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1989-90 1990-91
KAIMAKA KAIMAKA
<-2.00 <-2.00
-1.50 to -1.99 -1.50 to -1.99
-1.00 to -1.49 -1.00 to -1.49
-0.99 to 0.99 -0.99 to 0.99
1.00 to 1.49 1.00 to 1.49
1.50 to 1.99 1.50 to 1.99
> 2.00 > 2.00
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RDI RDI
1991-92 1992-93
KAIMAKA KAIMAKA

<-2.00 <-2.00
-1.50 to -1.99 -1.50 to -1.99
-1.00 to -1.49 -1.00 to -1.49
-0.99 to 0.99 -0.99 to 0.99
1.00 to 1.49 1.00 to 1.49
1.50 to 1.99 1.50 to 1.99
> 2.00 > 2.00
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Ug 3 URDEaU(
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150 to -1.99 -1.50 to -1.99
-1.00 to -1.49 -1.00 to -1.49
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1.00 to 1.49 1.00 to 1.49
1.50 to 1.99 1.50 to 1.99
> 2.00 > 2.00

i ¥y 0dd 3(1;”0&00@; ’g’,;esﬂ Oy i i vy 0dd 3~q;”0ﬁ00q’ ’g»;esU Uy i
Ue 3 URDhoaUd Ue3 URDNaUd

109




RDI RDI
1995-96 1996-97
KAIMAKA KAIMAKA
B <20 <-2.00
, B 150t0-19 -1.50 to -1.99
)
: L] -100to-149 -1.00 to -1.49
B 0990099 -0.99 to 0.99
B 1o0to149 1.00 to 1.49
B 50019 150 to 1.99
B 0 >2.00
i ¥yUdd 3dy 00aU0d “gjesU Uy i Y1 0dd sdyUdaUd "gresl Uy
Uss uRDNa Uq Uess uRDnNosU(q
RDI = RDI
1997-98 Jal | 1998-99
KAIMAKA j/ i KAIMAKA
<-2.00 /,/ ; B <20
-1.50 to -1.99 ] B 150019
-1.00 to -1.49 § L] -100t0-149
-0.99 to 0.99 T B 0991009
1.00 to 1.49 A B o0to149
|
150 to 1.99 T B 1500019
> 2.00 B o
k\,n‘\,
N
i¥yUdd =dy UlaUd “gyesU Uy j¥;0dd sdj; UtaOd "gyesl Uy
Uss URDHo Ud Ues uRDEoa Uq

110




RDI

1999-00
KAIMAKA

<-2.00

-1.50 toi=1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00

i Y1 Udd 3dyUtald "gresU Uy
Uess URDhoa Uq

i Yy 0Udd 3dy U8ald "gyesU U

Ues uRDha Uq

RDI

2000-01
KAIMAKA
<-2.00

-1.50 to -1.99
-1.00 to -1.49
-0.99 to 0.99
1.00 to 1.49
1.50 to 1.99

> 2.00

i ¥;0dd 3d)y U8ald "gyesU Uy
Uess uRDnNosUdq

"gr1esU Uy

j ¥Y30dd 3dy UtaUd
J tuRDby 2 Uq

Ue 3

111

~

u









