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MLOBHED POLIOWAOX @PSIMLOIMAIER  MIEWImRE: QemMWelomee! MY log @3
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AleMIDQOD) House Male Female | Total SC SC SC ST ST ST
holds male female Total male female Total
@RMEO 5214 | 1623 | 13076 | 24699 2616 2716 | 5332 19 22 41
alglomo 6962 | 15657 | 17500 | 33157 | 3308 | 3437| 6745 51 36 87
NG 6519 | 14579 | 16758 | 31337 1946 | 1996 | 3942 15 29 44
anellegdl 5352 | 1379 | 12859 | 24238 1925 [ 1982 3907 24 34 58
mownealeyRal 6262 | 13168 | 14438 | 27606 | 2734 | 2858 | 5592 5 23 38
olmalgeemos 6945 | 15102 | 16896 | 31998 | 2353 | 2474 | 4827 31 37 68
@Ol 5879 1315 | 14681 | 27796 | 2607 | 2647 | 5254 7 2 19
al®BBA 5410 | 12597 | 14041 26638 | 2402 | 2569 4971 15 25 40
No. AlerUOQOT) 201 2020
BMNTVo6YY | J@BauB | Myl SC BMNMVo6YY | J@BakB | myl SC
1 @RMEO 24699 1623 13076 | 5332 | 27199 12785 14414 | 5866
2 anellegedl 24238 1379 12859 | 3907 | 27874 13085 14789 | 4393
3 @@ 31337 14579 16758 | 3942 | 33261 16049 7212 | 3991
4 mownaIeyRal 26115 12443 13672 | 5484 | 27606 13168 14438 | 5592
5 al®Bgad 26638 12597 14041 | 4971 | 29613 14864 14749 | 6247
6 alglomo 29942 14299 15643 | 6390 | 38540 18323 20217 | 10250
7 olmalgesmos | 33309 15968 17341 | 5409 | 34305 16448 17857 | 5610
8 @Omoel 27796 13115 14681 | 5254 | 31965 15082 16883 | 6042
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GRS IMIWES ag  @IWNEEREIGAISR.
eninWlaflesmm  @wom  gosmoglaoem. oo
allsal' aISlemmoc006508H:M BIRDPOD
GBaleaj§EDAN  COOFHBOSQo @M
HBOSQo UQobULIO® allamem@a,
MMINIMAEIOM,  (@EOBile] RIS
MLA@AIOIOMN  H2100IMNQIGE al0alEnIS
allsal MBMIWE  allh  QaOlEBMo. 0D
allsal CBHIQMIABEIGRI 2lm20@
HIROAUTINOW  (BlOSTDHWQo  ODVEB) -
alslemond aendmyemd adlaruermlad enodale
@losom  MEMAYEM  dhIY  HHSATOEAIIBIM
@rmAGlemmalges  @adldmosled  ag

Year J F M A M J

1989 0 0 1 87.8 02.6 844 .8
1991 35.6 0 0 137 75 879.8
1992 0 0 0 372 89.8 799.6
1993 0 54.7 24 9.3 163.6 734.8
1994 0 0 32.1 249.6 66.1 825.5
1995 0 0 6.5 76.6 185.9 583.2
1996 0 0 65.8 75.4 68.7 386.1
1997 0 0 7.1 5.6 80.7 510.1
1998 0 0.6 40.2 134.2 679
1999 0 0 0.4 37.8 467.2 757
2000 0 9.5 56.4 474 602.6
2001 0 51.6 155.3 142 791.2
2002 0 0 2.7 57.9 222.6 471.9
2003 0 90.6 62.6 182.4 19.8 503.6
2004 0 0 4.1 105 463.3 689.7
2005 21 45 0 238.2 101.4 567.6
2006 0 0 36.1 16.7 396.6 690.4
2007 0 0 0 53.9 184.8 728.2
2008 0 46.9 117.5 7.6 73.2 535.1
2009 278.3 258.2 257.4 205 206.7 147.4
2010 0 0 0 114.5 130.5 681.2
2011 0 20 21 172.2 108.4 759
2012 0 0 0.3 104.4 42.5 459.7
2013 0 79.5 55.2 0 19.8 934.3
2014 0 0 0 23.8 167.4 423
2015 0 0 59.2 139.4 203.9 435.5
2016 0 0 0 0.3 191.7 480.6
2017 0 0 42.3 1.62 190.6 550.5
2018 0 46.3 68.4 48 407.1 790.2

Q@OmIR! BEMWEICHIEE 2IEly| &Ylam 30 AUBHOHOD® QOB 20M @ildlyass

@osql - (Source: RARS aigomil, IRTC )

A S ) N D Total
438 254.6 239.8 295.3 46.8 0 2300.7
993.9 497.4 110.9 456 67.8 0 32534
788.2 469.9 2443 3185 2385 0 2086
699.1 314.1 47 297.2 113.9 7.2 24433
1012.8 386.4 195.9 409.3 85.7 0 32634 |
8368 3839 2487 140 1892 2650.8
579.3 226.4 338.8 300 43 142 2097.7
1194.3 453.6 236.6 230.9 273.7 72 3064.6
590.7 397.3 448.3 316.8 44.1 37.3 2688.5
788.8 150.6 39.8 278.3 20.9 0.8 2550.6
327 5182 1461 1976 823 42 2029.1
497.8 225.8 162.5 239.8 143.9 0 2409.9
376.4 422.7 51.6 376.3 70.8 0 20529
403.6 2324 81 354.6 44.8 192 1994.6
337.1 486 122.2 305.2 42.6 0 25552
736.6 271.8 471.7 121.1 126.2 112.9  2813.5
470.9 431.2 500.6 352.9 133.9 0 3029.3
1303.5 469.4 599 297.4 344 6 3676.6
322.7 182.3 302 312.9 7.6 0 1907.8
56.8 166 133 186.3 178.2 233.8 23071
572.5 273.4 174.1 0 0 0 1946.2
456.9 452.1 388.6 229.7 147 0 27549
2078 4803 2202 2349 746 62 19299
§95.9 262.3 242.6 155.2 104.6 0.2 2749.6
623.7 608.4 238.2 360.7 78.3 2523.5
429.6 201.4 2294 317.8 194.2 101.5 2311.9
344.6 120.2 92.8 59.6 4.1 343 13282
3544 4129 2012 642 1017 354 2044.82
713 670.5 38.3 185.9 10.6 1.4 2979.7
OIS

@INEEROS  @RCalSMa] D (QCBULDOIDY

OBERLAIW AP MTIBHBHWQYo 6.21Q)Mo.
2QQUUBDID), CHEBOTIIOA! AlORIEIS
MLaORIOMIeRl  CAMMENIRI  MIalMlel

PO®He ™MD allsal AaseEewsO VWM
EB0M. aldfldEndS TLAMEIEREIeRl AT
QOB 29  CHESODIOR]  HRIDDo
QIBHD DLEQWEHEIUB  BHOQUIET.  (JEDLD
@20y ale2d® auNdMo B 0@6Mo,
aldRIER0S MURMERIERSIeRl &:ORIQIMINOHW
CHESOMIOA  DVBRSS  BHOLIOQUTLNWYo
OAIMISIOHA! EHIVWMITBA@ LA EAIERSIORI
SSO@  QUEMR  &HILINAIMIAR  QAUSEO
QWldo  muWlmlEsam. CHIQMITTBA
dloj@unoe] ema@lg enimWlaflesmm 41 @&l al.
AolQss 8@ MVAMEAlJERURIEM.
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630600 mulauemleje 21Elg] QIRHE aeQes alluodaimo
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Year Amnnual % Annual % Category
rainfall Deviation rainfall (mm) Deviation
(mm) from from
Normal Normal

1989 2300.7 -8.41 Normal 2004 2555.2 1.72  Normal

1991 32534 29.51 | Excess 2005 2813.5 12 = Above normal
1992 2986 18.87 Above normal 2006 3029.3 20.59 Excess

1993 24433 -2.74 | Normal 2007 3676.6 46.36 | Excess

1994 32634 29.91 Excess 2008 1907.8 -24.05  Deficit

1995 2650.8 5.52 | Normal 2010 1946.2 -22.52 | Deficit

1996 2097.7 -16.49 Below normal 2011 2754.9 9.67 Normal

1997 3064.6 22 | Above normal @ 2012 1929.9 -23.17 | Deficit

1998 2688.5 7.03  Normal 2013 2749.6 9.46 Normal

1999 2550.6 1.54 | Normal 2014 2523.5 0.46 | Normal

2000 2029.1 -19.22 Below normal 2015 2311.9 -7.97  Normal

2001 2409.9 -4.07 | Normal 2016 1328.2 -47.13 | Deficit

2002 2052.9 -18.28 Below normal 2017 2044.82 -18.6 = Below normal
2003 1994.6 -20.6 | Deficit 2018 2979.7 18.62 | Above normal

-
oM 6adldleisHlem@d Wlajodsead (MD) &oMiladlesneum (oo 6@

QJCDB QAURHODI@ 2IClesmM 09 LPA @6s + 19% maslcd @Reemssld, @7 QIGNHUEDD 633
amuowdeem(Normal) a¢ QIBn0Q)] allglesmo, LPA @es <-19% go@d -59% Qe® @Ryeemes@d
@) Qoo™ a9 ecv’eiey (Deficit) B2, LPA @es <-59% @eemslcd @
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QIGUOHO ®aIM0® (Scanty) a9 QIBaUNIQe Qllglesme . aQIED, a9 LPA Qes >+19%
QO +59% @YEEMELT @R@INUBHUDOIYo (EXxcess rain) 0@ LPA @es >+59%  @reemesled
@OBGE QUBHo (Wet year) agom Qllgleso eal@mo. IRTC @es Historical Climate Analysis
AlOMOIG3  MLOWIEEM 29¥WeS AlRIMEOT® af)@allages -19 gO@ -101% e,
LOWIREM AP QAUBHOBIT ®IOYHMo. (Below Normal Rainfall) ag@allages -10 g@@d
+10% QI&E TLIWIEEM LLWYSSB AUBAHUAIQo +10.] YO@B +19% QUOD TMLIWIEM AP QUBAHOTI T
&3O@d (Above Normal Rainfall) ag)mo @@e@i@lajlgee.

B ]
Above
Deficit ramfall Behv;'mnhorumal Normal ranfall]  normal Excess ramfall
e rainfal
5 years 4 years 11 years 4 years 4 years
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QOmIR! AEMWAICHI@3 2012 @3 2020 QAUOE LIEly] 2¥WYE'S @SN
(Source: IDRB @ @m0l Gra:ad)

Year Jan Feb | March April May June July Aug Sept Oct Nov Dec Total

2012 0 0 1.2 1526 922 4677 3531 4527 194.1 158 75.2 32 1950
2013 0 45.4 3.1 7.1 36 8952 8396 2002 2835 155 1815 0 24916
2014 0 0 0 224 236.1 | 52277 6612 6793 1959 3037 72.1 194 2712.8
2015 0 0 358 | 1439 | 162.1 | 4225 3634 | 2185 | 2134 | 2734 | 190.6 99.9 | 21235
2016 2.1 0 0 2.1 2067 | 5832 298.1 120.2 0 57.8 1 39.7 | 13109
2017 0 0 45 7.3| 1921 617 393 | 371.2 347 1123 54.7 36  2175.6
2018 0 2.3 10 31.8 | 4582 6993 6089 6575 53| 1953 19.8 0 2736.1
2019 0 0 0 69.3 624 4183 5435 11163 365.7 4l16.2 52.7 6.4 3050.8
2020 0 14.2 14.2 37 537 437.1 4242 4749 570.1 193.2 2.6 1.2 22224
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allaiee

Jan
Max
39.2
36.5
34.5
335
35
34.7
35.5
33.8
35.2
35.5 2
35.2
35.3
35.7
35.5
35.3
35.7
35.3
35.2

Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

@200V WEIWE] MIIMlaIYeSs esmay @omoallmilmy’  (Source: IRTC)

Mar
Max Min
39.3 | 18.3

40 221
39.8 | 201
38.2 18.6
39.5 | 16.1
39.1 1 19.8
412 158
38.6 18.8
39.120.8
38.3 19.5

38215
36.9 20.9
39.7 1 213
375213
39.6 | 20.8
386 21

37 20
385 213

Feb |
Max Min
386 149
16.5
18.8
16.6
16.8
18.8
16.3
156.2
19.9
17.3
16.5
17.6
15.5

35.9
36.6
36.8
364
36.6
36.6
35.5
36.7

36
35.8
38.2
375
37.2
376
374
36.7

18.5
16.2
14.6
17.2

Apr |
Max Min

40 | 22.2
395 215
388 22
399 215
371183
39.7 212

38 216
37.7 179
391 24
37.9 2.46
36.3 219
373 226
371 217
37.9
374
36.9
36.6
39.6

Max
36.7
36.5
36.5
37.5
36.1
35.8
35.4
36.7
38.5
34.8
36.2
35.3
39.3
35.3
35.5
35.7
37.8
371

21.9
20.6

22
21.7

May

Jun |
Max Min Max
354 214
347 214
341185
339 214
317 20
347 218

37 20
35.8 222
36.1 225
31.6 224
341218
21.2
20.5
19.5
22.4

22
22.9
22.5

Min
21.2
21.7

3286
35.3
316
33.5
332
345

Jul

Aug
Max Min
315 21.1
308 21
315 21
315 | 21.1
324 197
314 213
318 18
314 222
321 228
318 223
372
30.9
313
322
308
318
318
323

Min

21.5
224
21.9
21.5

22

225

Nov
Max Min

34 | 15.7
32.7 16.2

34 19.7
33.6  18.1
34.1 185
33.5
33.8
34.6
33.5
33.7
33.9
33.6
33.8
33.6
334
33.5
335
33.5

Sep
Max Min
34| 20.7
325 214
325205
331 21
33185
323|213
215
22.4
227
22.3
216
20.6
214
22
215
22.5
219
22.4

Oct |
Max Min
33 21.2
332 215
336 20
335 21.4
334 194
335 | 17.2
33.4
34
31.9
33.1
32.9
33.1
34.1
34.4
336
33.5
33.3
324

Dec |
Max Min
18.4
15.8
13.4

16
15
15.1
15.2
20.2
16.6
18
15
15.6
14.5
16.4
16.9
15.2
18
15.7

336
328
33.5
33.8
334
343
33.9
329
336
334
338
338
341
345
33.9
335
339

214

Period 30 years | ] ] % Change over the period
historical data

ten years ten years ten years

data (1990 data (2000- | data (2010-

t0 1999) 2009) 2019)

A B C D BtoA CtoA |DtoA

Annual 26.69 27.19 26.32 26.56 0.02 -0.01 0
Winter 26 25.8 26.06 26.15 -0.01 0 0.01
Summer 29.3 29.19 29.35 29.39 0 0 0
SWM 27.04 26.87 27 27.28 -0.01 0 0.01
NEM 26.83 26.5 26.95 27.08 -0.01 0 0.01
Jan 25.83 25.53 25.96 26.02 -0.01 0 0.01
Feb 27.07 26.89 27.14 27.19 -0.01 0 0
Mar 29.26 29.15 29.29 29.35 0 0 0
Apr 29.72 29.52 29.52 30.18 -0.01 -0.01 0.02
May 28.93 28.9 29.24 28.63 0 0.01 -0.01
Jun 27.68 27.83 27.66 27.52 0.01 0 -0.01
Jul 26.72 26.31 27.01 26.86 -0.02 0.01 0.01
Aug 26.46 26.34 25.95 27.17 0 -0.02 0.03
Sept 27.3 26.99 27.38 27.55 -0.01 0 0.01
Oct 27.32 26.79 27.59 27.62 -0.02 0.01 0.01
Nov 26.35 26.22 26.31 26.54 0 0 0.01
Dec 25.09 24.98 25.07 25.24 0 0 0.01
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Introduction

Morphometric analysis refers to the quantitative
evaluation of form characteristics of the earth
surface and any landform unit. This is the most
common technique used in basin analysis. As
morphometry form an ideal aerial unit for
interpretation and analysis of fluvially originated
landforms where they exhibits an example of
open system of operation. The composition of
the stream system of drainage basin is
expressed quantitatively with stream order,
Drainage density, Bifurcation ratio and stream
1945). It
quantitative study of the various components

length ratio (Horton incorporates
such as stream segments, basin length, basin
parameters, basin area, altitude, slope, which
indicates the nature of the development of
basin.

Study Area

The Bharathapuzha River (10 25' to 115" N and
7550' to 76 55' E) is the second longest (209
km) and largest (annual discharge 3.94 km3)
among the west flowing perennial rivers (41 in
number) in the state of Kerala of India . The
river basin covers 1/9 of the total geographical
area of the state. The flow regime of the river
covers highlands (>76 m above MSL), midlands
(8 - 76 m above MSL) and the low lands (<8 m
above MSL). The river has a well-developed
flood plain and fluvial terrace of recent origin.
The river is the life line water resource for

®oalmMlel 30 QABRHOOD® — G@RGAlBMly]
adally. gm@  CUBEOm  @PealBHl s
&Y BLBODITE GO  @Jalmlel
@O0 QUGN VIO .AlEYAIEN  (NIall@d
MM QAUBRIBHEMM@ . af)(NIT3  ODE
alslemonm aenmayemlemM@e e wmBIal
BOTVEBRBOSWo  aBQQYo  BO6  IalMlel
@pgOviles AIdRUly).

more than 4.5 million people residing in four
administrative districts, namely Malappuram,
Trissur and Palakkad districts of Kerala, and
Coimbatore district of Tamil Nadu. There are
eleven dams and irrigation projects in the river
basin catering to 493,064 ha area under
cultivation. In recent years, the basin is facing
severe dearth of water and drought like
situations,
anthropogenic pressures and development
works that grossly neglect the hydrologic flow
regime of the basin. Unsustainable exploitation
of water, in stream sand mining and clay

perhaps for the increasing

mining for brick kilns are among the striking
threats to flow of the river.Morphometric
parameters considered under this domain are
the stream order, stream length , mean stream
length, stream length ratio, and bifurcation
ratio.

Stream order

Stream ordering is the first step taken in any
drainage basin analysis where it is done on a
hierarchical way. Stream order was computed
based on the Strahler’s Method. Stream that
originates at a source is defined as first order
stream. When two streams of first order join,
an order two streams is created and so on and
it provide information about topograph, runoff
and drainage network. Bharathapuzha river
basin is found to be of the 6th order with 9
Watersheds. The total number of streams in the
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basin is 1982. Out of the 9 watershed Two
(5A2B1 &5A2B4) are of 6" order watershed.
5A2B2 5A2B3, 5A2B5, 5A2B8, 5A2B9 are the 5
th order watersheds in the basin. Rest of the
watershed comes under fourth  order.
Watersheds with higher number of lower order
streams yield more water JIn this basin
watershed number with 5A2B7 and 5A2B1 have
first
Watersheds numbered 5A2B2 have less number

higher number of order streams.
of first order streams. The maximum and
minimum of total stream is observed in water
shed number 5A2B7 (315) & 5A2B2 (154). Details
of stream order in each watershed are shown in
table2. It is observed that maximum frequency
is seen in case of first order stream and it
decreases as the stream order increases.
Stream Length
According to Horton (1945), stream
delineate the total lengths of stream segment
of each of the successive orders in a basin and
tend to approximate a direct geometric series in
which the first term is the average length of
the stream of the first order. The stream length

is a measure of hydrological characteristics of

length

the bedrock and the drainage extent. Wherever
the bedrock and formation is permeable, only a
small number of relatively longer streams are
formed in well drained watershed, a large
number of streams of smaller length are
developed where bedrock and formations are
less permeable (Sethupathi 2011). Smaller length
of streams are prominent in hilly areas with
larger slopes where as longer streams are
generally indicative of flat areas with lesser
slope. The number of streams of various orders
in the basin is counted and their length is
measured using GIS technique. The result of
order wise stream length of each watershed in
Bharathapuzha basin is shown in table2. It is
clearly identified that the cumulative stream

length is higher in first order streams and
decreases as the stream order increases. Major
share of the stream length is constituted by
first and second order streams. The total
stream length of first order stream for the
basin is 1660 km and the highest stream order
has a length of 94 km

Mean stream length (Lsm)

According to Strahler (1964), the stream length
is a characteristic property related to the
drainage  network  components and its
associated basins. Mean Stream length reveals
the characteristic size of components of a
drainage network and its contributing surfaces.
In a drainage basin mean stream length of a
given order is higher than that of the lower
order and less than that of its next higher order
(Deepak Khare 2014).The mean stream length
value differ with respect to different basins as
it is directly proportion to the size of the
drainage network and its associated surfaces
(Strahler 1964).The values of Lsm of 1to 6 order
in the river basin are as follows 1.98,3.28, .2,4.8
and 4.12 (table 1). Lsm has a highest significant
association with the surface flow discharge and
erosional stage of the basin(Girish Gopinath
2016). Low Lsm shows high surface flow and
erosion.

Stream length ratio (Rl)

Stream length ration is defined as the ratio
between the mean stream length of one order
with that of the next lower order stream
segments. The stream length ratio between the
streams does not follow any trend in the whole
basin. This change may be attributed to the
variation in slope and topography, indicating the
late youth stage of geomorphic development in
the streams of the study area (vittala et al
2004). The Rl varies with difference of slope
and topographic conditions, surface
discharge and erosional stage of the basin

flow
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(Sreedevi et al 2005). In most of the watershed,
the ratio fall within a range between 0.3 to 0.7
but watershed
comparatively higher values that is 1.3 and 1
which is due to the higher relief of the area.
Bifurcation ratio

Bifurcation ratio describes the branching
pattern of a drainage network and is defined as
ratio between the total number of stream

number 3 and 7 have

segments of a given order to that of the next
in the basin (Schummi956).
Bifurcation ratio Generally ranges from 3.0 to
5.0 for basins in which geologic structures do
not distort the drainage pattern (Strahler 1964).
The ratio varies from 0.6 to 3.9 indicating that
all the watershed are falling under normal basin
category. The bifurcation ratio is also an

higher order

indication of shape of the basin. Elongated basin
is likely to have higher ratio where as circular
basin is likely to have alower ratio. The mean
ratio is highest in watershed number four and
less in watershed number one (table 2). In the
study area, the higher values of ratio indicates
a strong structural control in the drainage
pattern where as the lower values indicates
that the watersheds are less affected by
structural disturbances

Relief parameters

Morphologic parameters included under this
domain include basin relief, relief ratio, relative
relief and Ruggedness number

Basin relief (Bh)-The Bharathapuzha river is
generally having dentritic pattern of drainage
throughout the basin. Watershed of 5A2B6 have
low relief in the basin where as watershed of
5A2B7 AND 5A2B9 have high relief in the basin.
Basin relief is calculated by vertical distance
between the lowest and highest point of
watershed( Schuman 1956). The Digital Elevation
Model(DEM) derived from SRTM data reveal that
Northern and South Eastern part of the basin is

having higher elevation regions where the
elevation goes beyond the 1900 meters above
mean sea level. Low basin relief indicates low
runoff, low sediment transport and spreading of
water basin High relief tends to enhance the
flood peaks of the drainage system (Girish
gopinath 2016). Basin relief for the study area
ranges between 314 for 6th watershed to 2312
to 9 th watershed.

Relief ratio (Rh)-Schumm (1956) states that the
maximum relief to horizontal distances along
the longest dimensions of the basin parallel to
the principal drainage line is termed as relief
ratio. Difference in the elevation between the
highest point of basin and lowest point on the
valley floor is termed as total relief of that river
basin. Schumm (1963) also stated that it is
dimensionless height-length ratio equal to the
tangent of angle formed by two planes
intersecting at the mouth of the basin, one
representing the horizontal and other passing
through the highest point of the basin. Low
value of the relief ratio is mainly due to the
resistant basement rocks of the basin and low
degree of slope (Mahadevaswamy et al 201).
The ratio normally increases with decreasing
drainage area and size of a given drainage
basin (Gottschalk 1964). Relief ratio for each
watershed is shown in table.2

Relative relief- Relief  (Hamnowd
1954and Thaver 1955) also termed as amplitude
of relief or local relief which represents actual
variation of attitude in a unit area with respect

Relative

to its local base level.The value of relative
relief for the 9 watersheds calculated are
shown in table2. The low relative relief is
observed in watershed number one and it is
high in watershed number 6.

Ruggedness number (Rn)

Ruggedness Number

efficiency for peak discharge of the basin and

is an indication of
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indicates the structural complexity of the
(Ozdemir and bird 2009). The
susceptibility of the area to soil erosion can
also be inferred from this number (Rashid et al
201). High Values are expected on
mountainous region with high rainfall (Ritter at
al 1995). Rn values are high in fifth, seventh
and ninth watershed of the basin.

Aerial Parameters

Drainage density, Stream frequency, Texture

terrain

ratio, form Factor, Circulatory Ratio, Elongation
ratio Length of overland flow and constant
channel maintenance are grouped under areal
parameters

Drainage density( Dd)

It is defined as the total length of streams of
all orders per drainage area. It is an
expression to describe the existing channel
closeness in a basin, thus providing a
guantitative measure of travel time of water in
the  whole  basin(Horton  1932). The
measurement of Dd is a useful numerical
measure of landscape dissection, runoff
potential, infiltration capacity of the area,
vegetation cover and climatic
conditions(Chorley 1969). Areas with sparse
vegetation are characterized by high drainage
density and have large flood peaks and
volume. Preferences for sub watershed are
based on their decreasing order of drainage
density. Regions with highly resistant and
permeable surface material, and low relief
show low drainage density where as region
underlain by weak and less permeable
relief show high
drainage density(Girish 2016). Drainage density
of watershed varies between 5 to 7.
Watershed number four and five have high Dd
which indicates that these regions are having

high flood peak and high water yield.

material and with high

Rho Coefficient-The Rho Coefficient is an
important parameter relating to drainage
density for the physiographic development of
watershed which facilitate evaluation of storage
capacity of drainage network and hence ,a
determinant of ultimate degree of drainage
development in watershed(Horton
1945).The climatic, geologic, Biologic
,Geomorphologic and anthropogenic factors

given

determine the changes in parameter. The
Minimum Rho value is observed in Fourth
watershed(0.06) and maximum in seventh
watershed (0.39).

Stream frequency (Fs)-Stream Frequency(Fs) is
the total number of stream segment of all
orders per unit area (Horton 1952). Reddy (2004)
stated that low values of stream frequency
indicate presence of permeable subsurface
material and low relief. Stream frequency for
the full river basin is 0.33, watershed wise
stream frequency is shown in table1 .Stream
frequency mainly depends on the lithology of
the basin and reflects the texture of the
drainage network. The value of stream
frequency for the basin exhibits positive
correlation with the drainage density value of
the area, indicating the increase in stream
population with respect to increase in drainage
density  (Parveen 2017).
frequency density serves as tool in establishing
the erosional processes operating over an area
to be more specific. Stream orders and their

characteristics provides data which can throw

Kumar Channel

light in even on the sequences of relief
developments and the degree of ruggednesss
in the area

Texture ratio-Texture ratio is an important
factor in the drainage morphometric analysis
which is depended on the underlying lithology,
infiltration capacity and relief aspect of the
terrain. It signifies the relative spacing of
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drainage lines. It is considered as number of
streams of basin present per perimeter of that
area(Horton 1945). Classification of drainage
density into five different textures have been
done by Smith(1950). The drainage density of
less than 2 indicates very coarse texture, 2 to
4 indicates coarse ,4 to 6 stands for moderate,
6 to 8 is considered as fine and greater than 8
is taken as very fine drainage texture. It is
observed that that all the watersheds comes
under very coarse texture since all the values
of the watershed are below 2(table2). The ratio
ranges from 1.2 to 1.8 in watersheds of the basin
Form factor (Rf)- It is the ratio of basin area ,
to the square of maximum length of the basin
(Schumm 1956). It is a dimensionless property
and is used as quantitative expression of the
shape of the basin(SK sharma 2017). The form
factor value should be always greater than 0.78
to have a perfectly elongated basin. The
smaller give more elongated
basin(Deepak Khare 2014). All the watershed in
the basin is having a similar value ranging from
0.2 to O0.3(table 1), which shows that all
watersheds in the basin is having a similar

values will

shape. Hence all are elongated watersheds.
Circulatory ratio (Rc)-Miller (1953) introduced the
circulatory ratio to quantify the basin shape. It
is the ratio of the watershed area and the area
of circle of watershed perimeter. Circulatory
ratio is influenced by the length and frequency
of streams, geological structures, land use/land
cover, climate, relief and slope of the basin. The
values for circulatory ration for each watershed
are given in the table separately. The value
ranges from 0.2 to 0.6. According to the miller
range, the watersheds are elongated in shape
Elongation ratio (Re)- According to Schumn
(1956), the elongation ratio is an indication of
the shape of the basin. Elongation ratio is
defined as the ratio of the diameter of a circle

having the same area as basin and the
maximum basin length.The values of elongation
ratio generally varies from 0.6 to 1 over a wide
variety of climatic and geologic types. Values
close to 1 are typical regions of very low relief
whereas values in the range between 0.6 to 0.8
are generally associated with high relief and
steep slope(Strahler 1964). It
significant index in the analysis of the shape of
the basin which helps to give an idea about the
hydrological character of the drainage basin. A
circular basin is more efficient in the discharge
of runoff than an elongated basin. The
elongation ratio of 9 watersheds is given in
table 2. All the watersheds in the basin is
following a similar trend. The values of the
watershed are near to 0.6 and hence almost all
the watersheds have high relief and steep
slope.

Length of overland flow (Lof)

The overland flow and surface runoff are quiet
different. The overland flow refers to that flow
of precipitated water, which moves over land

is very a

surface leading to the stream channels, while

the channel flow reaching the outlet of
watershed is referred as surface runoff. The
overland flow is dominant smaller watersheds
instead of larger watershed (Horton 1945).
Watershed number 4 and 5 have maximum (.31)
length of overland flow for other watersheds
have been calculated and it is given in table 2.
Constant of channel maintenance(C)

Constant of channel maintenance (C) depends
on the lithology, permeability, climatic regime,
vegetation cover and relief as well as the
duration of the erosion. Generally higher the C
values of the basin, the higher the permeability
of the rocks and vice versa (Subha 2009
;pakmode 2003). The C values of basin ranges
from 1.5 to 19 Square/Km. Low C values

suggests that the area is associated with
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lesser length of overland flow and thus water
drains quickly as channel flow

Conclusion

Morphometric analysis of drainage system is
important for doing any hydrological studies.
Determination of stream networks behavior
and their interrelation with each other is of
great importance. Remote sensing data and
GIS techniques has proved to be an effective
tool in creation of drainage and delineation of
basins and watersheds. In the present study
morphometric analysis of watersheds of the
Bharathapuzha river basin is
separately and basin morphometry is derived
from that. The morphometric analysis is
carried out by measurement of linear, areal
and relief aspect of the basin. Based on the

calculated

analysis it is noted that there is not much
difference in morphometric values except in
some watersheds. Watershed number 5A2B5,
5A2B6 and 5A2B7 has highest drainage
density, stream frequency, relief, relief ratio
and ruggedness number, stream length ratio
and lowest bifurcation ratio. These watersheds
are characterized by highest surface runoff

and erosion. The values of form factor,
circulatory ratio and elongation ratio suggests
that most of the watersheds are elongated and
has high basin relief. The maximum stream
order frequency is observed in case of first
order streams and then for second order
streams. Hence it is noted that there is
decrease in stream frequency as stream order
increases. The mean bifurcation ratio of the
Bharathapuza basin is 152 which indicate the
whole basin is less effected by structural
control. value of
Bharathapuzha river basin value is around five
which reveals that basin is having coarse
drainage which reveals that sub surface area
is permeable. The stream length ratio varies
for each area.

The drainage density

It may be because of
differences in slope and gradients. The basin
has an elongation value of about 0.55. Higher
values of elongation ratio show high infiltration
capacity and low runoff. This present study is
valuable for the erosion control, watershed
management land and water resource planning
and future prospective related to runoff study

Results of the morphometric parameters of the Bharathapuzha River basin

Watershed
Bharath
Stream apuzha
Parameter 5A2B1 | 5A2B2 | 5A2B3 | 5A2B4 | 5A2B5 | 5A2B6 | 5A2B7 | 5A2B8 | 5A2B9 River
order basi
asin
Area(Sq 752.42 | 46128 | 593 69837 | 544.7 728 | 94499 | 6757 563.49 | 5961.93
km)
perimeter 20377 | 12295 | 149.69 12212 125.9 168.41 184.2 137.74 1386.78
Basin 56.46 | 4276 4932 | 54122 47 55.41 64.26 53.12 47.91 470.37
length
Total
Stream
length of
Order In 1 196.44 | 12814 170.41 | 202.24 167.1 2051 | 263.87 | 173.4 153.9 1660.6
Kkm
2 1652 | 52.93 7371 10466 | 1033 105.1 119.86 131 69.27 858.49
3 43.922 27 32.89 1.65 32.91 75.98 | 60.823 16.6 64.15 380.64
4 0 14.49 4515 0 32.91 31.21 63.432 0 22.13 209.32
5 13.25 1033 | 87.436 | 1.86 0 0 54.46 2.95 180.3
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6 72.845 0 0 21188 0 0 0 0 0 94.03
42973 | 25054 | 3325 | 42707 | 3481 417.4 | 507.99 | 357.6 312.39 3383.4
Mean
Stream
legth in
Km 01- 168 | 242 2.31 193 162 195 2.2 153 2.22 1.98
Feb
02- 2.65 126 224 8.98 3.14 1.38 197 6.81 1.08 3.28
Mar
03- 0 0 0.72 0 1 2.43 0.96 0 0 1.28
Apr
04— 0 0 4.36 0 2.77 0 0 0 7.5079 4.88
May
05- 0 0 0 413 0 0 0 0 0 412
Jun
Number of
streams of
different N1 134 80 103 121 91 15 162 na 85 1005
Order
N2 7 37 44 54 51 52 76 60 39 484
Linear N3 30 24 19 7 19 42 36 il 29 217
param
eters
N4 0 6 28 0 14 14 41 0 13 e
N5 0 7 10 47 8 0 0 31 3 106
N6 39 0 0 15 0 0 0 0 0 54
274 154 204 244 183 223 315 216 169 1982
Bifurcation 01- | 188 2.16 2.34 2.24 1784 | 2212 | 21316 1.9 2.17 2.09
Ratio Feb
02- | 2.36 154 2.31 7.71 2.684 | 1238 2.m | 5.455 1.34 2.97
Mar
03- 0 4 0.67 0 1.357 3 0.878 0 0 11
Apr
04- 0 0.86 2.8 0 175 0 0 0 4.33 1.08
May
05- 0 0 0 3.133 0 0 0 0 0 0.34
Jun
Mean | 0.85 1.71 1.63 2.62 1515 1.29 1.0241 1.471 157 151
Stream 02- | 05931 | 0.41 0.43 | 05175 | 0.618 | 0.513 | 0.4542 | 0.652 0.45 0.51
length Jan
Ratio
03- 0.377 0.78 0.44 0.m3 | 0319 | 0.723 | 05074 | 0.147 0.92 0.48
Feb
04- 0 0.34 137 0 1 0.41 | 1.0429 0 0.34 0.75
Mar
05- 0 0.91 0.22 0 0.361 0 0 0 0 0.5
Apr
06- 0 0 0 0.2423 0 0 0 0 0 0.24
May
Mean | 0.194 0.49 | 0.496 | 01742 | 0.459 | 0.329 | 0.4009 | 0.16 0.3442 0.33
Ruggedene 290.13 | 797.88 | 878.64 | 582.31 | 1247 180.1 | 1224.6 | 272 1281.8 | 750.45
SS number
Relief Relief 508 1469 1567 952 1951 314 | 2278 514 2312 1318.33
para
m
eters
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Releif ratio 8997 | 34.35 | 3177 17.59 4151 5.667 | 35.44 | 9.677 48.25 25.91
relative 2.493 | 122.95 | 10.46 5.5 16.09 | 125.9 | 13527 | 2.79 16.785 35.17
relief
RHo co 0.228 | 0.28 0.3 0.0666 | 0.303 | 0.255 | 0.3915 | 0.109 0.219 0.24
efficient
Drainage 0.57 0.54 0.56 0.61 0.639 | 0.573 053 | 0.529 0.55 0.56
Density
Texture 1.34 1.25 1.3628 1.41 1509 1771 1.87 1173 1.22 143
ratio
Stream 0.36 033 | 0344 | 034 | 0336 | 0.306 | 0.33 0.32 0.29 0.33
Frequency
Form 0.23 0.25 | 02438 | 0.23 0.247 | 0.237 0.22 | 0.239 0.24 0.24
factor
Circulatory 0.23 0.38 | 03324 | 029 | 0.465 | 0.577 0.41 0.25 0.373 0.36
Ratio
Elongation 0.54 056 | 05573 | 0.55 0.56 0.55 0.53 | 0.552 0.55 0.55
Ratio
Length of
Overl and Areal 0.28 0.27 0.280 0.3 0.32 0.287 0.26 | 0.265 0.27 0.28
flow Param 4

eters
Constant of
channel
Maintenanc 17509 | 1841 | 17834 | 16349 | 1565 1744 | 1.8603 | 1.89 1.8038 1.76
e

Source: CWRDM, Kozhikkode)

6.21QMIBOMSEBRUB

@slmunom alleniEBsI a6, Bel, HHWQ
TUMIO  afMIAIQSS  aleMYE  ENIMLYo
allsaromqle @all@d  qv.eomlaflesam
ST alQQje VVITYIWAO® ealdde
@R.UB:@leBmm  Mldomsodlegmalamume.
DOOMEODTI@ WINPT  BIGaJoSIOM @O
200 MIYes  AlETMUMEUBCMERES
Moc@IHlafleamailae  dleaill  (onemEud
msmilgeeB®laje EfOge alll alRLTIE:So
aleMY@o @SIPSO®  GaldQBHWIE. aR$lo
AleRAQUOTVE AlRL®] OB MIPSS MIEQUWI
LGB U8 MIBOMSOWlel® BIgajoslalosry
MSaflensSlaI@BmM@). alcHM DGal0ge ML
mmes Alle&aum alrL®le:e8 mIdamsowl
Ho  @Igajosinmmymad  @gm@iay
Hleooilglay.

QDT HOBaHld EHORIDAITLND CRRIRIGE
LI0@IAM MIYPES alelUIQO®HUE  qudlo
©alQMM@). ®@Qel GOAWES  aldlwlwicd
OWeals alQmldomsenglcd  MIdOmSO

Wl  e0S6aIS@  (@JQIBEMEBRU  (JIGE
Wl QOPOAVEERUE  DUBOEDING  BQUEMo
ODOEEVMGEHERD.  GRDEEING SN
@PMPCWIRY  (JAUBOMMEBRUZ, @A QYOS
VNOMo,  (JQAUBOMEBRUBERECAUNMNE]  DalCD
nlesmens omm@)oes)u& UAVLEBRUE  ag)mlal
mldspaiesan@lod  @eguoamil  &86s
al®oglome  @OMIQIE@IM.  (@JQIBTM
6B 2QMIRCMSOTEOM @ GOV
msaflengsae oM@ IVElY  o@Elw
slgead®, e@alemm eeai@  Slhead
agmleEBem Mol ®IElede.  aRElW
slgea@le W@ MVIBOE) OSATLA®
dlajss @R 6an® @l Mlaesoss
Mo.  JBoeiB865WQs, COIF  BHBOSW,
oOQOSQo  DMHMIAMIMROW  HMOGYHS
6SQo UYoblRl OUBBIFM@IEM HELIlemed
66L100.

DOIlCAEEEOS  MIoEBHEMo  DOAJIES!
OERSS amyaudle alleamumoslay

Q@O®IRI MLICEGE: MV E



mymudle @omoeal

mdomsodledle  allesaum  audlaimasen
aB3Q0o @RElB:IDLH )M @D TVIBAUDH
20 @R.UIEElEBOSISBB®IEM.  BIBad
B0 loBMe QIdEUlalesmM@Imowi mulle:dl
4] GaldM (UBCLMERUD, Mlualmaow 63
AlReaIn]laMeMEOmOOs MQQINILIQ @OTV@
HOMBSOS @OSIMVOI MOTILNBIGIBMD
gele  @®® alleakEso  a6m, el
OOBAUTVMIOD  af)MIARo  ald@lrudl@ilse
MUEDAIMOAIMINGe  TVIERIW  AlGlERHUD
pmsoewEgled  amovlwlgeE.  adwly
OBl [T moesrrrgoeﬂ%o £3018HON0Yo
DD lOBMBHIDQIOR]  BUOIAHEMQYo  TVMTNVY
BIOWOLIEBBSES eem=AeelwiTTeal
MoYQo @686l BAVIGMIS” B ENIMLEAIS
Tleaiw]l anclmudcle @eBud ®aIenId
HOM @SEEE.  MLaEWoLlearw wwImlw
EDSEOAISTE  MSCTMERMIOMN  @RMINEY®
@laBloCleed:06rE,  @oH®l  aleassrg.
Mo@BUEMOJe Bale QllTUMA)e al@lrudl@)
MoEBHEMQYo  aM:NVOIAIMQYo af)(M LIy
@ogemo)l  mdomsowlegdled  alleaum
ARG UBES (Balo OBIFID.

8@ 0ldadl (@eBOTIeM  GRMIBOTEE
86108 QIEMOW A6, |, HEOTQUTVNIOTDY
o)l QlleiErges QETilmuanal muaeio
QR0  al@laldriMQje  OaleINo @)
MB20] (@EBLOIMSEI®d BT MINIWIWIw
O@aloBM MIEEIM  VIAD.IRIEODITIHRAM
@PQIMAIET MIBACl  (@JeBuAlld:VMe.
myudlead®@  aQllé:aume  MLOERLYAIBM
®EOMIT agad BAlRAIBReOS® Mo
EBHWQo @ROQOS I MIIRLAOW
HOEBRUBESIEMEBRM BT Oaleoto

BDOYFEDHQo  HAQPM  Alle:Tom  ®E

206  MId20l  @e3w  Qllé:rumomlmnow]
@PQILI6NIEERENBDY.

0D MIOEILMBE B  (JCBUD
Mo QISAeHW  @reeEled  Mdad
@GBWOL )N AlOQYMN@). D  (AJEBUDDIDY
allgom  oveaissend @palesyss 9o
&SI &S| UGB RVLICRI BLD] HAIODAUO®
B@ aloelerld emISIEan af)@DBHQ SO
@pallos mlan” MA@ @Sl qrugEolead
OSIBHODIERD af)TOHQo EalYTO. 633
Mldad] @JEBUETD QIRIW. OaIQTN OWAM
B8 wldlen. GRMIOM  @R®IBdm
HUD.

a3 mldsloellie. @R@IERIR HASSEMIYH
OO BT (JCRUdo _»gggocgﬂ 6B Ss0.
HMIM  g6H0dEIe  gm@d  MIdgpaled
al®MIUOOMe  eE  alloymnowigss o
Galleonmoemy QR mld goelle
Mdomse. &@m @dadl  (@Jesuemile
GR@IACDIER8ST  QIBMOQ a6,  E3Al.,
OOT|QUTLVMIOD ol Qllecusarges Qeol

MUa0Qfe  MRlmORIY  al@laldeinaje
DalE@INQ)o BT MNIYIRIW O@AOBM
DlESIMN M0 2IREAITIEBI. enql

aleMIG  oJEHAIW  BEAITLAWIMGS  QIGMD)
B0 JHOVIBE8 B@ qLOLI WRIAIED)
@6 6306EI B.aIQ MIBDMSOYo.

DEMWAIODI 3 CVICIOLYES BH0610T0| Q) 5,
Hle9Jdl MAMSEBRSES @JEBUERUY DUBOAIS
o6, @OEMle Mdmsonieal 17 ©alQ
mldomseange @oeomwloges MElmsooileal
12 ©2Qldomsenrge Blead mdmsomieel
3 @mcgm‘l@msmggo OUWBa|eS @YOD 32
6.21QMIBOMSEBRB6M AMWLAIOHIT DSSD.
@RAIQYSS QllUdR.UREERUY 4JAIOS M@IEIWIE
EB.

1 | 18K12b &1C4@l Thipallissery 97.70 0.50
2 | 18K14a &>1C4@l Pallipadam | 81.97 0.42
3 | 18K14b &G40l Pallipadam Il 750.37 3.86
4 | 19K3c &oeomleges | Chekod 259.90 1.34
5 | 19K3c1 Boeomleges | Chalissery 623.87 3.21
6 | 19K3c2 ®o6e0mleges | Nagalassery |l 463.35 2.39
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19K 3d Bo6mER | Kumaranalloor 490.87 2.53

19K3e &o6leges | Kollanoor 283.34 1.46

19K 3f #060leges | Eruvakkad 134.83 0.69
10 | 19K7a &oeomleges | Kappur 787.09 4.05
m | 19K7b &oeolegss | Kavikode 730.97 3.76
12 | 19K7c &oeolegss | Pattissery I 600.49 3.09
13 | 19K8b #oeomleges | Nagalassery | 407.04 2.10
14 | 19K8c #060leges | Chazhiyattiri 914.87 4.7
15 | 19K9a #060leges | othachira 159.96 5.97
16 | 20B44a CRICIORNES Thirumittacode | 1.27 0.01
17 | 20B44b CRICIORNES Thirumittacode |l 281.44 1.45
18 | 20B44f CRICORNS Perinkannur 620.44 3.20
19 | 20B44g1 BOP®® Nellikkattiri 444.62 2.29
20 | 20B44g2 CRICORNS Velladikunnu 677.90 3.49
21 | 20B44ht CRICIORNES Puzhiyapattakayal Il 756.46 3.90
22 | 20B44h2 CRICIORNES Puzhiyapattakayal | 912.74 4.70
23 | 20B44h3 CRICORNES Puzhiyapattakayal Il 885.65 4.56
24 | 20B45a CRICORNS Ullannur 902.95 4.65
25 | 20B47a1 B Pattikayal Il 77.98 3.70
26 | 20B47a2 CRICIORNES Pattissery | 287.26 1.48
27 | 20B47a3 CRICIORNES Pattikayal | 929.72 4.79
28 | 20B48at @O Parappanthodu 989.78 5.10
29 | 20B48a2 CRICORNS Kudalloor 587.28 3.02
30 | 20B4cel CRICIORNS Karambattur 904.20 4.66
31 | 20B4ce2 CRICIORNES Paruthur 875.09 4.51
32 | 20B5a CRICIORNES Muthuthala 97.31 0.50
33 @oe(qu@ 758.31 3.91

®YE)D: 19417.01 100.00

18K12b

18K14a

81.97

18K14b

593.87

156.50

19K 3c

248.53

n.37

19K 3c1

479.20

139.26

5.41

19K3c2

463.35

19K 3d

489.23

1.64

19K 3e

283.34
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19K 3f 134.83

19K7a 78.00 | 709.08

19K7b 715.89 4.96

10.12

19K7c 529.1

71.38

19K8b

202.92 204.1

19K 8c

428.89 485.98

19K9a 123.81

309.63 726.53

20B44a

1.27

20B44b

281.44

20B44f

620.44

20B44g

137.34 209.57 97.72

20B44g2

164.10 513.80

20B44h1

299.94 456.52

20B44h2

525.36 387.38

20B44h3 1.59

137.20 553.59 193.27

20B45a

902.95

20B47a1 189.95 17.28

510.75

20B47a2

287.26

20B47a3 4.89 23.42

901.41

20B48at 897.48 92.30

20B48a2 587.28

20B4ce1l

904.20

20B4ce?2

875.09

20B5a

97.31

@O(O(U)Qd@ 241.15

236.42 67.98 8.49 | 204.26

2164.39

1932.49 | 2348.30

@O

2605.75 | 213.02 | 2720.85 | 3288.83 | 2243.38
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Mleaf@d mlme. 6060 20 dlod almPaL

@ &HOEMeIST ool  allaieenud
alslel@d n@dslololesmo

1 0-20 o Q@ 6555.67 33.76
2 20-40 °l(3(6 8218.22 42.32
3 40-60 (0)(3 2998.33 15.44
4 60-80 19(3 1082.95 5.58
5 80-100 2@ 362.44 1.87
6 100-120 dllod 104.37 0.54
7 | 120-140 dllgd 75.88 0.39
8 140-160 9(8 18.59 0.10
9 160-180 dkg(& 0.56 0.00
@RYEIE 19417.01 100.00
0-20 dlload 1158.00 986.44 |  709.1 463.19 | 1084.87 | 858.76 389.00 | 906.28
20-40 dilod 517.77 77556 | 1222.67 1369.83 | 72364 | 1264.57 15675.44 | 76874
40-60 Allod 249.97 152.42 | 29219 49148 | 250.16 43137 876.00 | 254.76
60-80 allod 158.22 18.07 | 10133 153.38 49.14 145.62 24103 216.16
80-100 Ao 717 23.00 68.35 5.21 20.52 84.31 89.33
100-120 QlQA@ 8.72 35.82 5172 8.1
120-140 allod 20.28 55.59
140-160 2@ 3.40 15.18
160-180 2@ 0.56
2164.39 1932.49 | 2348.30 260575 | 2m3.02 | 2720.85 3288.83 | 2243.38
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@& 06MIEBMM alSld> 1JAUOS M@BIWBles0m

@e3ODRje @  Qldally  @lsasmo.
&2 maud alleowo allrp@)l (Ha) WE@AIMo
1 210@6MeOEQ’ 16572.05 85.35
2 ©EERUD MEMEJo af)EH@®I A6[No 412.91 2.13
3 21006609 1632.00 8.41
4 RRIDUOWo 800.06 412
@O B> 19417.02 100.00
alleaw. @RMERO | ael y@ moval | aegd | aglomo | olmdly | @omoa
el el GEOS
210B6MOeEg 1907.97 | 1386.16 | 2042.62 | 208576 | 1880.58 | 2645.06 | 2590.87 | 2033.03
®1ECRUD @6MAaJo 109.50 303.41
af)ERm3 @6[Po
2100060g 433.87 515.75 682.38
2100 256.42 2.97 2.27 424 | 232.44 75.79 15.59 210.34
@6 2164.39 | 193249 | 234830 | 2605.75| 213.02 | 2720.85| 3288.83 | 2243.38
wdlewocardecanogl
8@  (@e3uoniem  Hlewocaddeandssl  (@ERUBEEBREI6M. @omoel MleomH,

BGUVAE BeIEBIOM AICKMEOW AISEEQWldho
mupdldilesme. @oes GalMyoilQes 65.34
wo20Me aflo@dl allconomi@d oudea|gme.
424440 Ha (21.86%) l&an  ©@IQ®

asmwealoled  lewocaddernise alcom
6BBSEo @OOIYOS m’lcrg@'], WODIMo )Ml
& 06MIERMM alSld> 1JAUeS M@BIWBlesm

QORI MLICEGE VIO ﬂ




mymudle @omoal

@2 mmud | alleouv. allryoil (Ha) AOMo

1 af80W’ e)g@lad 1276.16 6.57
2 allo@al (ergeengle) 12686.36 65.34
3 MO5J0@3 eelall (afgw’ egailam) 163.67 0.84
4 ERIGUATETTC Rl Ty 21.44 1.09
5 TR 21003 aOl@dmY 34.93 0.18
6 Ml @ILE 4244.40 21.86
7 ®WOIDUOWo 800.06 412

@O 19417.02 100.00

v

af8ay’ 141.55 458.88 185.41 490.33
&g lad

aflo@gal 1130.19 1389.18 | 1729.87 | 1890.88 | 1204.85 | 1860.46 | 2175.46 | 1305.47
mogdo«fa 163.67

eelall

@omhném(o% 65.09 146.35

aol@d oy

TR 5|0d 34.93
a0l@dmY’

mlsom ®IQ© 472.56 540.35 616.15 645.55 216.85 599.19 916.51 237.24
2WRIDUOWo 256.42 2.97 2.27 4.24 232.44 75.79 15.59 210.34
@& 2164.39 | 193249 | 2348.3 | 2605.75 213.02 | 2720.85 | 3288.83 | 2243.38
@allmleouno

QORI Tildrgle B B0BaHld VIDBIET).
asmubelosileal ayomymy  @Galdlewow dlol
& 03, @IS QllmPme agamlal @@lalod]
&M (@alsmoeml@. 660  @almlewomn
Alolge Ty TlomEesY. alamesges
Qo MADIQTMOB  GEAINISTIQEIEBMO.
QEJBU8, MIBOVIQ «l0SERU3, HEEREINY
cmo5683U3, alWylm Qllsdud, nena, Mm@l
(@JGBUREERUS,  @HIQYMPEWIWNIW @IS
@2, BGOICW, BMIS, HBEBRUY QYDA DD
BISODI@3 GEEI6|SOW]Clesmoe.

@OOoal  asmweloleal  wom  @alml
CWIe AW HOBHlE: Qlsdud @rye.
aemwelosle Galryolges 21.31 oadm
@06 (4138.28 ©a0HA) DM, 66O QS
OMETRE, QIOP, alg|dOld U, anll QYBHEBRUD
@s6a6l QoMY Qls®ud 8@y Goil 6.a1Q)
QA@BM@IOM®IEN AlWl® aHlowl] coe
8|30 DElEBmM@. E6MIAMmIWS &I6Men]
SM® OOEE &aHlwoem. eOM6EEE @l
aemwelooile Galmy@lQes 12.48 w®2M

@06 (242351  ©a0EHA). DTIT  O@EIE
OM@IQe  @SIO®  OOEBEIEMINSIao

Q@O®IRI MLICEGE: MV ﬂ




mymudle @omoeal

SO @OSOIG 2 YEUBBSo  @ad
£alQMM  (@JEBUDEBRU3 &sl  9ueaq|gmo
2EMLRIOTIOM BT DD GHal® o@en
@PPEWIWINIQ@IET  O@IM  (JWIM
0@6Mo. DD BMISEBRSITD 2Q nSQl8d U3
©olle21Q) ®IBlE O@aloBMo QU]
QIOMIBzo. &SIOD@ QIOY, H96ERE" QAUBYEBRUI,
&QJEBE,  algld®Oleud,  alWwl®  nE6ERU3,
BB, (Gﬂg))gd%;“, OB D), WA
afaIIQe Hadll ©21Q QUGmML. FANIAGOV
SIMOGMN®  06TIB  @odlloeny (1927.24
6a0&H@, 9.93 LVAIMo).

Qalad  Hl@emges  allveseinmovlen
@INMIWI msom@ QlQIEEUBEIEEMOITD
mlon’ maq@elooe;m@” 26MURIOIOD

M@l 3152.44 HAOERHD (@JEBUBODY 021Q
Q@O af)MIEM. 63954 6aDHA  (@JCBU.
eM@IHaHlQ’ @PICWINMISME IR  Ral
EMVaIM  TUVHEYEBSOS  GDERI  HDIY]
2108l emdeIcy @Sl Mleaiw] &:0e6emeaRUd
0BNE  HaHllommoe®  @eluwlslelesmo.
@RUIMYIV2IW GalBlaIBEIMETIEM @2
20| asMueIEMI@  eMmEe®®  Mlaimlan]
@ 103890 ©a0RP@ QAUWB  (QJEBUDEBRUY
oM MHOmOSIElERHQIEM. OMEDS,
HQJETE, QIY, &lemnE QIBWNERWE, edmgls

Mldanoemo, oen@d ag)amlaiowilgoeny
@WIMAOQYe  aldSEEBRUW  MIBOMEISD.

A Tl 31464 ©a0HA@ (@GBUBODY
OO6@Ro 247.89 ©a0HA (GBI AWl
alsge  226.91 ©aOHD  (@EBULO @I
0oelle; 2salg Harlge 6.21Q QAGD.
2emueloileal enoom. Ealorydilwes 0.40
POBIMo (B)CBUo (76.94 EaNEHB) JWIM
COIWD:Bo @OAIRYOS af00CalddH) (JERUIEER
8o, 6527 6a0RpB GBEBUWe ol
CRIWARIOTD ald0 (@JEBUOEERG. EOEUOS
oollelesmo. BIODJPEBo  (JUWIMD BDIG
HUBERo, MIB208)HUBER., H:B6ERUILHRo AY
Dalclmel aelc@:)(mq}‘ga:u%oessocoﬂ 862.79
£a0HA @EBU. allmlewouilafldlesme.
asmbeloDileal 101214 ©andp@  (@JEBUB.
HHl@mEIRMIneMEIgl alalw &ooem
BRSO  ®EIWISIBlEBMM.  GRMPEWIWYNIW
Qllg® 8o aldlaloaim 203QRERE. @oAIRI6NI
0@ ol 6aQOMD HFQM@OEN gD
(@JGBUREERUS. MEMWAICBIOAI 2432.97 ©aDGHO
BJeBWo HOWIMENUQYe OBSIS MIBaN6M
OO0 2Q M@ @RYQUUYEBERUIERDIWYo
allmleouilyfldlesme. @omoal asmwelos
erl @almlewon AlME:e8 MucenIMWlEsm
QllaeeBUd alsle: Qo M@ Glwlclesm.

1 Qemlgy MIdeal®] «Jesuao 72.60 0.37
2 QoQIMLIIe MIBeAl®] (JeRUv. 5.18 0.03
3 0S8 Mdlo] (Jerwo 149.56 0.77
4 eqWl@o/glrunale 4.64 0.02
5 1N9Ba0lE MIBMI® (@IEBU. 2143.52 .04
6 0088 Mm@ (@eBUo 23.48 0.12
7 GOIUBUB 76.94 0.40
8 60W@36 33.99 0.8
9 M@l 3152.04 16.23
10 QeNRE0 MIeleERUd 0.40 0.00
1 Q@3 Mo 29 D3] (Jesuo 7.23 0.04
12 Q@ MlGHO NIBa0le: MBI (JeBUR. 79.24 0.41
13 Q@@ Mleom] aoemlmy Mdel@ «JeRuo 2.36 0.01
14 Q@ MlGOm QARG MIdI®] (@JE3Ud. 0.09 0.00
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mymudle @omoal

15 Q@D m|!oeam|! ml!@”«» ml!@ml!@l!aacra 15.17 0.08

16 Q@3 Mle:o) dlEle @alleoansoale mldailalqo. 13.54 0.07
17 Q@ Mleom ®I@Endalls osals gl 226.91 117
18 QU@ Mleom Al ol 247.89 1.28
19 QU@ MO BQY6B1E &l 104.17 0.54
20 QU@ DlHO] OEBE & aHl 314.64 1.62
21 Q@3 MO ag)eRalm ol 0.47 0.00
22 QU@ MIBO 061YA &)l 26.68 0.14
23 Q@@ Mleom] g8 @l 0.51 0.00
24 Q@ MlelERsloal ATy &)ndl 3.69 0.02
25 Q@ ®om3oails @@l dlaksrud 526.46 2.71
26 Q@3 Gldcalsoel @(o'l(rg@ mleleerud 113.08 0.58
27 2g $0@aHl Qllesud 18.99 0.10
28 | OBl ol 14.03 0.07
29 QW™ $HBHB Qllss>ud 4138.28 21.31
30 alEl® $0@ald: Qllese806S0ale Mldalolqo. 657.60 3.39
31 QY6813 ol 755.76 3.89
32 06813 &)l 1057.66 5.45
33 OOEBEIEMNINSIafo 060 @RSAIT BY YBHEERS. 1365.85 7.03
34 06NYAB ol 1927.24 9.93
35 COED ol 78.38 0.40
36 28 ol 24.43 0.13
37 | a)FfRalm @ol 2.07 0.01
38 2Q cmosQllssud 14.02 0.07
39 ®I@ER]B $HOBUlB, (z»ro'k@ (@JGBURo 646.34 3.33
40 Gldcal &:081 &IBqUld, @(a'kr@@ (@JGBUO 250.28 1.29
41 ©aH@MREWIWYM OO aldO @JCBUdo 65.27 0.34
42 HQl6oSlrg0 2Q al0¢ QITRENSo 06D (JERURo 115.52 0.59
43 @6M@3 UMM (@JEBUdo 15.55 0.08
44 Hslaem’ aINM @6BUB. 9.31 0.05
45 2Q @@1({3 @JGBWdo 6.20 0.03
46 ald0 QUMM (@JERUDo 15.84 0.08
47 MAEl 26M @O E6BRUY 10.64 0.05
48 OOUBBOHS (JCBUDo 10.02 0.05
49 MO 10.46 0.05
50 &:B6BRUD 29.97 0.15
51 100] 5868303 31.81 0.16
52 | MAEle03/6m05HHUB 801.01 413

(oL 19417.01 100.00
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mymudle @omoeal

@almleow Alole:e8 MucnIMWIEBMM @D mel allaieerud

Qoemlmy Mol JeBuos 0195 15.76 9.16 9.33 1n.97 4.92 12.48 8.04

QPQIMIWIE MRl 0.06 0.73 152 0.98 0.2 .76
(@JGBUDo

2088 MA@ (@JeBUo 10.40 19.24 17.21 27.21 3144 3.39 1719 | 23.48

eqWl@o/@glrunal 2.41 2.23

0IBa0lH MBI JeRUWo 19853 | 254.84 | 34654 | 262.31| 25953 | 275.63 | 279.96 | 266.18

0088 Mm@l (JeBUo 23.48

GOINUYB-UB 6.14 1.03 6.24 12.84 5.95 8.53 12.28 13.92

»0wlmdeql 10.51 23.48

M)l 229.24 41415 41052 | 433.34 | 302.04 | 342.87 | 629.28 | 390.60

QeGS0 MlelERUB 0.40

QU@ MG 29 155 1.83 2.05 172 0.09
3@ (@JeBURo

Q@3 NGO NIBaOIB 14.27 9.62 1.89 8.39 1.95 10.48 2.63 20.00
a3eal@] (@eBURo

Q@ MIBHOD QoM IE3y 1.80 0.56
o3l (JeBUwo

QU@ MBI 0.09
QIQINIIE: Mldezlo]
@J6BUo

QU@ Moo alul® 0.08 15.09
B2l ud

Q@ Mool alyglo 2.52 1.01
®olleoeSsIale
MRz @lege

Q@3 MO0 18.28 8.49 4.96 1.90 110.74 20.59 4.32 47.63
®@:ells 0salls @al

QU@ Mool alydle 77.05 9.77 39.1 19.62 50.51 9.70 20.31 21.82
ol

QU@ MIBHOD| HOYEERE 11.89 9.14 | 25.48 8.31 5.79 23.81 9.59 10.15
o]

QU@ MIBHOD O@6EBE &)aHl 59.60 14.65 29.80 19.14 61.59 66.07 10.25 53.54

Q@3 MO ag)salm 0.47
ol

QU@ MO OTUAR &l 0.10 0.49 176 175 2.74 17.75 2.1

QU@ MHOD QS ol 0.30 0.09 0.13

Q@ mlalmrsloal aoTuy 0.25 0.64 2.81
ol

QQ®@3 @@Ll @(a'krg@ 63.29 9.91 852 29.26 65.24 | 226.40 87.90 35.94
mlelesnud

Q@3 Gldcaldoel @@1(@ 26.33 5.90 2.94 19.16 0.04 3155 24.61 2.55
mlelesnud

2g $30dH allssud 3.05 4.86 1.00 4.7 3.01 2.90

OB .o]ED ol 2.29 3.64 8.10

QORI MLICEGE VIO ﬂ



mymudle @omoal

alGl® &oBalle Qllssud 532.02 | 42861 | 54355 | 723.20 | 492.93 | 357.40 | 54855 | 512.02
2l HOBHB, 93.70 71.31 5118 67.98 1202 17729 | 13763 | 46.42
Qllg&e806S00l0

mldezl@lo

HQY6TB ol 4994 | 16550 | 14334 | 124.04 1815 | 12381 8800| 4297
OO6a3 &0l 5493 | 176.28 | 214.36 3172 2878 | 42319 | 10890 | 19.50
O®EIEIEMOeSIalo B:060) 125.01 50.21 | 22576 | 254.43 | 25052 | 176.81| 14507 | 138.04
@paall®d a7’ YoHUEREo

06NIA el 190.87 | 97.48 | 43.35| 382.32 5019 | 10223 | 847.81| 212.98
COVED ol 2.56 75.82

28 @l 6.41 2.8 4.46 5.66 0. 5.58 0.03
Af)ERAIM Haddl 2.07
29 c®o5Qllasud 0.05 9.01 4.96
©®O@E00elle BB 2374 | 40.47| 8452| 8976| 3670 23397 | 89.03| 4815
@@1(@ (@JGBUDo

Bldaal $:001 &0@aHH 4925 | 96.76 10.67 2.25 336 | 8239 5.59
@ro'lug A HE

Sl QMEWRSI00D 127 3.91 3151 2.38 0.32 579 | 20.09
ald0 (@JGBU

&dle alSlege 2 al0¢ 31.92 16.05 | 22.86 134 | 39.04 4.31
QUAREHSo @06 ald$

(@GR

@EM@3 EUMM (JBRUdo 14.24 0.70 0.61

SSI6m QIMM (@JCBUBo 7.33 197

2Q @(a'kr!g (@JGBURo 0.27 5.93

ald0 QUMM (@JEBUB. 0.69 3.32 6.51 5.32
M3l 26eM @O E6BRUY 7.0 0.70 1.35 1.50
OAUBBEET (JEBUDo 10.02

HMOTD 7.03 217 0.01 0.07 118
G:S6EERUD 3.47 114 4.09 5.49 273 5.01 5.43 2.61
&100] &:868303 179 0.23 2.26 6.89 | 1559 5.06
MElBU3/CISHUB 242.97 0.31 257 477 | 240.41 78.39 20.73 | 210.86
@6 2164.39 | 1932.49 | 234830 | 2605.75 | 2N3.02 | 2720.85 | 3288.83 | 2243.38

e

8Ll (MeEAly wldgwanmes @Edldlear  ©qp MWW  dldcaimoal  allemum

aBQQl Qelw  meimu.cesmlom) agy.  alRLGle:ges @ralagoe caisovilod mldepo

@OSINOIM  (@JH®l Ql_IEREIM BMIQW  WEOQJ GCRMIMICAISHUQYRIEM. WIDEHUI,

aeplom caism, eEreml ,@R%., aeemILla,  EEWAUB., DDBale, AW afaMIl aeTlalS

GAHA®, WRIETVAIM  SHA®  ofTUOW  EEIQISSS WM CaISH:EERSIEIT).

H0lgies ey oelonilgss @odlal myaudl

o6 GuREN

Qllecao® 26  AlENEAISHUIMOTIOMW., OGS @OMOILI MEWINE: AEMLAITTITS 29

@XM al@lEUIWM  BHSOSW,  LIRMIW  QOITY eWrsMl  QledNOBI@eagM a6y

megn)’lmmgge)s COEUBBOSWQo @PSIMLAIM MERS8I6M CARMIMEA]EleBmM®@. memuel

Q@O®IRI MLICEGE: MV ﬂ



mymudle @omoeal

O@  aBQQYe SO 6030 (20.55%) @RYEM. @SAM AEMWAICIEd ag

cweml aleonomiass  agm ©@E2EN (@WIMEeaS A6 CUIEMIBHSIW 4JAUSTOA

HIMOIFIN ). OO  aembelomle (1818 %) aSenIce@l (17.65 %) ag)amil aem

@ed  @aloycilges 3989.87 ©a0HE@  EWREMI QlRINEERSE. B:06MEa5Mo

Q@omoal Mlewons asmuealoile a6y ewyen aleonemsg. GpAes allayail, Ldmadmo

ag)omlal &06MlEsm alsld 4JaIes M@3Elclesmo
No. cwoeml alleouo allryoil (Ha) R@AIMo
1 @RAEHIQN 369.82 1.90
2 CalRli® 39.93 0.21
3 6.aI0l@Q6neo 10.42 0.05
4 6.21Qd:(TY 4.24 0.02
5 8JSUSEDA 3529.82 18.18
6 Af)SODMIFH@ 687.08 3.54
7 g0l 459 0.02
8 af)®laQad 967.17 4.98
9 SH6IMWLIe 63.3 0.33
10 HEREY 15.73 0.08
1l SRR 111.82 0.58
2 &HQlallos 45.66 0.24
13 C®050®l 3989.87 20.55
14 6T 87.35 0.45
15 @6 3216 0.17
16 algsilays] 55.71 0.29
17 alhQad 59.8 0.31
18 alSalelo 2.59 0.01
19 0J5EDOEEHOBMY 2707.76 13.95
20 QISEHICEUE 3426.97 17.65
21 QIEQY® 10.34 0.05
22 QLI /0@ 8.26 0.04
23 6USSSIB:TY 366.49 1.89
24 eQSSIMICEHN0 1.6 0.01
25 ca6EREYRE! 1859.21 9.58
26 e 0.96 0.00
27 en108ad 7.42 0.04
28 an2enileQaaiad 28.31 0.15
29 GO BVF C@Ig] 122.6 0.63
30 WRIDUVOWo 800.06 4,12

@6, 19417.02 100.00

QORI MLICEGE VIO ﬂ



mymudle @omoal

26 ewoeml QllROUVEROS MLENIMWILRM alirQED el alloieasud

e[ e [T G [T [ L

@ROEIQT 0.29 28.83 340.69

G2lelE® 0.06 119 38.69

6.2I0l@Q6M=o 2.99 7.43

621QEOTY 4.0 0.14

2jSUSTA 340.61 49.79 402.60 522.85 479.62 1129.81 604.54

af)SOMIZHO 139.23 239.48 19.12 263.72 25.53

O 3.63 0.96

af)@laQad 8.59 215.27 171.81 54.22 175.88 341.41

BH6MLlo 63.30

GENE: S| 15.73

BIRBQUE m.82

SHQlelloos’ 45.66

680500 940.32 | 400.76 668.59 236.65 466.60 613.37 252.25 41.32

B6NZQ 87.35

06M3@ 32.16

algglas] 29.13 26.58

@A 59.80

algalelo 1.44 115

0JSEDOEEHIBMY 743.40 61.39 475.36 247.41 65.53 346.43 376.92 39131

QISENIGEIE] 99.50 81.89 168.51 981.06 158.53 260.73 873.83 72.92

QIEQY® 2.77 7.57

6QIRIAJ0OQ 0.04 8.22

6QUSs8S|E:M 107.97 58.75 20.95 178.82

£QIS8IMICHHO 1.60

GQIEBRELRAI 128.36 734.62 239.64 297.89 174.47 25154 32.70

@mqﬁgtﬁ 0.96

GIO8A 0.02 7.41

a006NfleQaud 28.31

GOOE®) 6BV 107.62 14.98

@]

2OIDUWo 256.42 2.97 2.27 4.24 232.44 75.79 15.59 210.34

@6, 2164.39 | 1932.49 2348.3 2725.26 1993.51 2720.85 3288.83 2243.38
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mymudle @omoeal

oo ar@o
0600  (@JEBULOOQHL  2aPleM @Y.

MosIMWl9j88 QllEeERUd @R EWIBIMOW
Qllgs,08 @lESIMHSEBMN@IM QAUSH® MVANI
QHEAEM. AMLLIOTIOL! @ (JECBRLIDESS
26MOEEROE @Yo  @OSINLOIMDILS] 5
alleonomlenem ©ueErnIss sllelesma). 25
QO@ 50 CM SOOI @RYLOBILBSB, 50
QO@ 75 CM @OPYSS MVIBIMYo  B:OEIOTD)
@peOTlaesa,  75-100 M GRYYSs
MLOROMYe @YLYSSQY, 150 CM  AUSE @RPYSS

@RPOMIRJB8Q 150 CM @3 &S @RS
asee epeomiessal ol aleon
Rgosmlal. asmMuRIOTIeD @res: Ealmyoi
Qes 6310 % (1225182 Ha) (JerwoseRgleo
100-150 cm @OPYBS  DENIEM 6T
QMBMN@. &SIO® AemMbelovleal 23.03 %
(4472.48 Ha) 150 cm @M &SO@3 @RYYSS
@66 HENZQUGBAN). QEMURICIeA!
26l @REEOI (MUeNIMUl4| QllueBEoeUssa3
86S algld Jes M@BHllElesmo

G2 maud alleowe alloryoil (Ha) RMABIMo

1 B:06100) @RYPODIRIBSBA (25-50 cM) 977.55 5.03
2 MLOAIMYe BHOETOI @RYLOIRIBBA (50-75 CmM) 746.87 3.85
3 @RYomia)gsql ( 100-150cm) 12251.82 63.10
4 QSO @RYODIaIEsA (>150 cm) 4472.48 23.03
5 andenilegoad (Hab) 28.31 0.15
6 GOOEH) 603 G@9gf (ROC) 122.60 0.63
7 WRIDUOWo 800.06 4.12

@RO)H: 19417.02 100.00

25-50 cm 2.99 0.29 7.43 | 22923 | 5875 | 45251 | 4752 | 178.82
50-75 cm 139.23 | 239.48 1902 | 263.72 | 102.66
100-150cm 168371 | 93L12 | 1928.36 | 17196 | 14723 | 1613.89 | 201053 | 1439.8
>150 cm 13.65 | 815.60 | 170.75 | 120032 | 330.3 | 31495 | 1254 | 414.33
Hab 28.31
ROC 107.62 | 14.98
WOOWWe | 256.42 | 297 2.27 4.24 2324 | 7579 1559 | 210.34
@ROB> 2164.39 | 1932.49 | 23483 | 2605.75 | 213.0 | 2720.8 | 3288.84 | 2243.3
aeemoaila]

Gl =Hlam mlamldamanm esloss
camd  aemasy (@200l eelly
Galo@MN@. TUAVY TLVMUCTIOM  MUBlafles
HQo AEHlOM DTalIBM SUAD® BHOQBHWQo
©.2IQM0. BIGOD (JEBUOHOONR.  26ERIAA]
M MuoeNINWIEsmm QllaieeaRud amaulalods

@ ®SQYMBIMoe MREEBM@IPYSs
M0 H@BO@ MLilBE] GEENRMIEM. @ OOl

@emMbeIoDileal  1065.46  ©anH®@  (49.62%)
@eBwe  doaow aesmnoaiaflm.  7533.49

600 (38.80%) @EGBUB. GMEIW ae6moal
ckﬂ(ro allew@arem. aemuelomleel m@qﬂgod
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mymudle @omoal

aflom  auesninWlg  alleBwREERUE  algls
OI@ N@BHEles0m

@2 mud | alleowv. allry@il (Ha) LP@IMo
1 None To Slight Water Erosion em@lw aemoeﬂck]' 7533.49 38.80

2 Slight To Moderate Erosion em@l@ - dlmaow aesgoeia] 1065.46 5.49

3 Moderate Erosion dlmasw aesgpoaia] 9634.09 49.62

4 Moderate To Severe Erosion dlmao@-@liQaow asegoela] 233.01 1.20

5 andenileQaaiad 28.31 0.15

6 GOOH BTF GBIg 122.60 0.63

7 2RRIDUOWo 800.06 412
@R)6): 19417.02 100.00

None to
slight water
erosion

940.32 | 745.00 719.34

639.29 | 989.45 | 109299 | 139124 | 1015.86

Slight to
Moderate
erosion

14.14 0.07 1.29

219.23 203.97 54.22 23114 341.41

Moderate

: 845.89
erosion

Nn41.16 | 1625.40

1697.34 687.16 | 1386.04 | 1575.34 675.76

Moderate to
severe
erosion

45.66 m.s2 75.53

Habitation 28.31

Rock out
crops

107.62 14.98

Waterbody 256.42 2.97 2.27

4.24 | 232.44 /oN/9 15.59 210.34

Total 2164.39 | 1932.49 | 2348.30

2605.75

213.02 | 2720.85 | 3288.83 | 2243.38

BHHUD®
26HleM LIRIAI, YEMEAM, OLPEMBUAD
ool mymy  Gejesvesmsglad  allélam
@06m. MIBOmSOBIeR! GeauasErRea allailw
allrleoneErudas calm: cImy®, asmle
@eam@almaje  eNIa0iRI@  ualleuecH®
&3, alo@lNAIDIS  (UEDIBH@HU oI
QS @RSITLAIMOTITE QDI  (FEUADO

®EEREIV] E@IBlEHIQYM@IEM. AembAl
O (JWIMAIQYo 3 BHUAD® EBBSIE)
B&ENZAUBBN@).  AEMWLRIOIGE  GeHa® -l
BBHIWIM 6)alg (JERUREERSBIEN &SR
BHIEMOFIMN®).  13867.22 &)a0HA (7142 %)
(@JEBUORIET  (JTRD BSHAD alleon o)l @d
DUBEAGMN D@

GO0 alleow. allryoil (Ha) | ve@a@omo

[ BnlEs) @PNPEWININIV 6210lQ alcllvlgss @al 59.48 0.31

I1-1I &l @RMERIVNIV 620l alcldlmQes G2l @3 13867.22 71.42
B lBlACIQYSs8 &)nHlds MVIBIMLe @PRMPEWIRINIW Eal

1] BSO@ GIIBIQYSS GHaHlEd MLORIMYe BRMPEWIWNIW (Bal 1120.79 5.77
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mymudle @omoeal

GO0 alleawno allry@il (Ha) | ve@@dme

-v odlEn) @RMEWIRNI® @A, DSYIOSWYSS @)U &F®®D 472.70 2.43
adldl@les. oas doacw me @al

IV-VI el 1612668065 sQles @l 6.21QoQ)m  TLIAIMe 2865.23 14.76

me| Gdl, 210l a16llld6:e8060s 62 4fladaj0omilnes
QMU HEMOMIo IR 4 B2l

Vi Badlen) @RMEWImMOOD B, 6210l aldldlcleesoes 17.34 0.09
62.5{l@3, QMo ag)aTUIY @RMREIAY0

F am@al 63.30 0.33

Hab Habitation 28.31 0.15

ROC Rock Out Crops 122.60 0.63

WB 2RI0UOWo 800.06 4.12

Total 19417.02 100.00

0.06 4.00 55.43

1053.97 | 1681.62 | 1622.79 | 2075.22 | 1705.02 | 1582.40 | 2683.31 | 1462.89

139.25 239.48 | 107.97 71.87 263.72 | 113.68 178.82

2.99 3.92 8.39 57.96 32.16 340.69 | 26.58

743.40 | 61.39 47536 | 293.07 | 65.53 458.25 | 376.92 | 39131

17.34
63.30
28.31
107.62 14.98
256.42 | 2.97 2.27 4.24 232.44 | 75.79 15.59 210.34

2164.39 | 1932.49 | 2348.30 | 2605.75 | 2113.02 | 2720.85 | 3288.83 | 2243.38

LRIV 2IMBHAD)
emOl@d audeq 2OMIG @RMMIGlyYss  Oles  adldlcleud  BgOenEmMGIm
RIGTV 2IMNSHAD® adgleeem  ooeny  @RMMVEly  alleow  mmIQge  @gam.

0QlleS ©alcIN]4lElERM®. CHESOIORI LRIV AIM@IM 220w COI®I®D
DM@EEROSE  WRIGMVAIMN SUI®I 6 aldldloles aleonomlansm asmuelom
alleonemglanaisomn) ©®e. ®ldlalgssol. el 63.86 W@DOMe @EBUGP  OUBES
@OAO® 1 O 6 QAUCEWYSS GRENEERUT (M@, AEMLLICIIOA! RLIGIVAIMN  BUAD
9ale@IUily] CEAIONISEDMD. LRIEMLAIM QS QlaEEBUW alSleolcd M@l
ool &HYIod udlead] Daleowilason @lasamw

GO alleowe allryail (Ha) RMAIMo
2 2RICNVAINOIM AR IO al@ldl®) 12398.84 63.86
2-3 2RICNV2INOMIM AR I -al@lal@] 6.84 0.04
RRICNVAINODIM HOIMAIQW CIDIDS al@lBl®)]
3 OGNV LINOBIM BHOIMAIW COIDI@D al@ldl@) 3179.16 16.37
3-4 RRICNVAINODIM HOIMAIQW CIDIDS al@ldl@] - 459 0.02
&OIMAIW AlRIAI®IE03 HIB6Mo MINRI(@DIW)

QORI MLICEGE VIO n



mymudle @omoal

GO0 alleowe allryal (Ha) URBIMo
2RICNV.2IMo
4 &OlMNAIW AR08 HIEMe MIRRI(@ARIW 2796.00 14.40
2RICN.2IMo
6 2BRICNVINOEDIM 650 @OIEWOBIN 17.34 0.09
F am@al 63.30 0.33
Hab Habitation 28.31 0.15
ROC Rock Out Crops 122.60 0.63
Waterbody | 21000®@o0 800.06 4.12
Total 19417.02 100.00
2 1048.42 1553.61| 886.89 | 1897.54 1319.79 | 1748.63 | 2513.77 | 1430.20
2-3 5.55 1.29
3 267.61 974.10 347.61 463.10 | 550.00 365.22 21.52
3-4 3.63 0.96
4 746.38 61.39 482.79 293.07 97.69 | 346.43 376.92 391.31
6 17.34
F 63.30
Hab 28.31
ROC 107.62 14.98
Waterbody 256.42 2.97 2.27 4.24 232.44 75.79 15.59 210.34
Total 2164.39 | 1932.49 | 2348.30 | 2605.75 213.02 | 2720.85 | 3288.83 | 2243.38
E3ICNVNIOT)
@omoal  MleWoms  AMLRIOTIBE @  adeUlafesme. BaITLVMIOBINSS  TLOWY®
QBaHo WPIWE] 2200 al. al. a9 elElesme U3 MIEWIRH AEMWAICIHIT WIRISAEENE
osmeaslaje Al (jeswanglal @OH20W  Blaj ®ERIBMSEREeS aldlesrIMOTIa)Ss
HSIOQAUSS HHIDo @OMMEAUORIFMO. QORI @PRWEIN, @alMleonooicd amlgss
mleIRH aemLRIomIeRl MEQIOT  DOQEERUS, WRIMVESHUET (JAUBTOMEERSES
POROMo LMEBBSo HSIOASSOOIMN GUABE  @PAIEPI® @SR @EIGEMEBBUd OB:I6MNE
ROIOOOWIET ERUOWIMM@. dlewins aIEleamm BaICIOM a0l ol 20@ca
QEMWLRIODIeR! Dal@l®Al 2AICAVIO [ Go cmo(aoem'loes)@qd%m@%
BUVAER BEINJ @RYAIGIHEDININe GHOQH QORI MEWINSH asmbalcsieal  mlaiall
Qo 22lMAIEHOSHQA0EM. @RAIOW WEl  A)SS Saldloal BRRIBIVIO (N BHSBIV 9B UB,
@@ QlWEBIE TVoEEM 4lO8IBITE QAUIMe  EDIFHUY, HBEBBUWY aflAI. BUAERRAI
QBERElmd  @sleaigsomlmow]  senjeul EAVID ARSI oaa’lemqaaggmoerﬁ snallgeom
BESETEl QUMo. AUBHADEOOD MUoNIMWlg)  BelRIGiOY @BWIERIW]  AUBRCIERMOY.
88 HMBBHSIT Myallaflesan@  caldeel CUCIOLYE 060 YES, BlE.o|d me’lcﬁ:ggas
2006 QO@ 2PWYOS @ESBQ (HRIDIODIW]  OOBEMISHEIN MICWIVE  AEMLAIDT
HOE00) QAUGAND@ DD (JPROTIOM BEU®  BISSO. af)VIIIET  TEWIRE a6emuAl
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amyrudle @omoal

oOileal @WIMeals Saldlmeal WRIGEAYI®
c‘g%(ﬁ;uﬁ. &S0O® WIEIVo COIFHSEo HS6TB
8o al0ajdEe (lewome  BEMWRICHIEND
alallw - conesglendl  audol  e.amo.
alWad  Jl@EBESOS  GRACRIOGBMOT
8)0SWQo alell®RI® bl MREQUWeS
Qo ERIMDIQ] MSOTI®  AlOMAMMVEl4]
mlewome aemwaicmleo alolw cowness]
200 £aQ@o AUSIDAOW EOVFHSo HS6TT

So  aldBjHSo (MUORIAIERIWYS  EEEIOISO)

olgee. ol @@l  emOgHS.
HBETBGo mc(gcmomqgoem“. MlecoRH
aemMuelomeal M0 EElRIN. CDOGHSo

HBEEBGo MoEBHUMEDD DGO,
@OmoRl MIEWIWE AMLRIOBIOL! aldl

oel BRRIBIYIO(NBHSIV) BB6BRUI,
&leMQd>U8  agamlaes  QllueB.Uo6ERUY
alSleI@d ¢al@oml@laesmo

2

€

a

S

Q

8

=3

d

(]
@RHMER® 32 17 49 31 15 46 3 98
aoelleypal 14 0 4 1l 0 n 1 26
ayd 33 2 45 20 8 28 1 74
monealewal 25 27 52 13 n 24 3 79
alglomo 2 59 61 15 19 1 81
ol@alQeEmIs 17 17 34 24 28 13 75
Q@OmoLl 5 16 2 2 14 26 1 48
al®Bsd 1 24 25 2 37 39 1 65
@O 129 172 301 97 124 221 24 546

2

g

g

S

Q

8

o

S
@RYME® 368 629 997 1312 1086 2398 10 3405
aoeilegal 126 778 204 310 1259 1569 0 2473
Bayd 416 1047 1463 820 2214 3034 42 4539
QRIDETTCC 452 1813 2265 441 830 27 2 3538
alSlomo 267 1405 1672 315 1205 1520 23 3215
ol@algeenos 645 1333 1978 323 1055 1378 71 3433
Q@omoeal 328 919 1247 596 806 1402 0 2649
BB 168 978 146 200 127 1327 31 2504
@6 2770 8902 1672 4317 9582 13899 185 25756
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@RMNEO 6 108 n4 4 30 34 148 80
aeflewal 0 268 268 0 n 1 279 70
aoqd(a 4 241 245 1 35 36 281 46
MmomneIeRal 46 336 382 2 6 8 390 138
alSlomo 13 138 151 6 40 46 197 153
ol®alQeemIs 0 394 394 3 34 37 431 106
Q@omoal 8 229 2317 2 8 10 247 154
alm@Ad 9 429 438 5 32 37 475 355
Gr6)> 86 2143 2229 23 196 219 2448 102

BVNAR Wl LIRYD
@OmILl MIEWIWH AMLAICTIeA!
BWAE aITVMIEBIOM ©0alSe AUBAUAIDD

2OOMBIRe  MVoREIMOTIMMSE BV
MUOADAIRYBRSES  @oAIOPIMWIT B

OASSOOIOM  MOL@  alfhe  Dal@l@el
LBRI00Q) LB GaldEGM@IM BHOEEMAIB:MO.
BUARWA! GaldaHEMOMIOR!  (HRITIORIW
S0al dWly) Q@M WelgjaHeMo  aglaTila

aleome @og  Galo©]l =mal BVBRICKDIERE
HEEMAIGBMD. QORI G6NIOERe  al50Ml
GENIDEBo HAVMSE (VDEME AUISAB GENIORW
oM 0lenjods doe. Mlalnilad 988 EUVdE
REIOOIOM  LIGKD  HEMEBIOLISED 6V
@ISle@  eaomsses  aleonooilensm
90363088 2]l@lEBM®).

BWAR WRILIBK®  MVoENIMUWIEBM

@Rl GQMAIE.E GOMIOS @BWAR el  QlAIEEBRUY 4JAUBS Gal@EBMo.
ASSESSMENT OF DYNAMIC GROUND WATER RESOURCES

No |Category Assessment of
Ground water

1 |Assessment Unit/ District Thrithala

2 |Command / Non-Command Non-command

3 |Recharge from rainfall during monsoon season 1984.39

4 [Recharge from other sources during monsoon season 24.90

5 |Recharge from rainfall during nonmonsoon season 406.30

6 [Recharge from other sources during nonmonsoon season 233.66

7 |Total Annual Ground Water Recharge 2649.25

8 |Total Natural Discharges 264.93

9 |Annual Extractable Ground Water Recharge 2384.32
10 |Current Annual Ground Water Extraction for Irrigation Use 77.90

11 |Current Annual Ground Water Extraction for Industrial use 0.00
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mymudle @omoeal

[ 12 [Current Annual Ground Water Extraction for Domesticuse | 1055.4]
13 |Total Current Annual Ground Water Extraction (10+11+12) 1827.31
14 |Annual Groundwater Allocation for Domestic use as on 2025 1224.72
15 |Net Ground Water Availability for future use 387.70
16 |Stage of Ground Water Extraction (%) 76.64
17 |Category (Safe/ Semi-critical/ Critical/ Overexploited) Semi- critical

ASSESSMENT OF DYNAMIC GROUND WATER RESOURCES

No |Category Assessment of
Ground water

1 |Assessment Unit/ District Pattambi

2 |Command / Non-Command Non-command

3 |Recharge from rainfall during monsoon season 2689.92
4 |Recharge from other sources during monsoon season 67.35
5 |Recharge from rainfall during nonmonsoon season 550.75

6 |Recharge from other sources during nonmonsoon season 523.73

7 |Total Annual Ground Water Recharge 3831.75

8 |Total Natural Discharges 383.17

9 |Annual Extractable Ground Water Recharge 3448.58

10 |Current Annual Ground Water Extraction for Irrigation Use 1668.84
11 |Current Annual Ground Water Extraction for Industrial use 0

12 |Current Annual Ground Water Extraction for Domestic use 137.26
13 |Total Current Annual Ground Water Extraction (10+11+12) 2806.1
14 |Annual Groundwater Allocation for Domestic use as on 2025 1255.466
15 |Net Ground Water Availability for future use 524.26
16 |Stage of Ground Water Extraction (%) 81.37
17 |Category (Safe/ Semi-critical/ Critical/ Overexploited) Semi- critical

Source- Ground water Resources of Kerala 2017

QORI AEMLRIOTIeR! GUAER el MWD

&2 maud alleovo allry@ (Ha) | ve@@omo
1 Poor 246.3677 1.27

2 Moderate 12686.36 65.34

3 Very good to good 5684.231 29.27

4 Waterbody 800.0555 4.2
Total 19417.02 100.00
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BUAE WI MLOWYD MVENIMNWIERMM aleIIQED mel QllaIEeERud

alleowe @RMED | aloallew ca:qddi mawnel alegd aiglomo | sy | @omoel
® @l cqgro’l GENIS

Poor 65.0875 181.28

Moderate 1130.19 1389.18 1729.87 1890.88 1204.85 1860.46 2175.46 1305.47
Very good 777779 | 540.345 616.154 645.55 675.73 784.6 916.506 727.566
to good

Waterbody 256.422 297051 | 226885 | 4.23553 | 232.439 75.7903 15.5856 210.344
Total 2164.39 1932.49 2348.3 2605.75 213.02 2720.85 | 3288.83 | 2243.38

QORI GENIOEE) IO al@lul@il@d

slemQsgloal mal Mleafeo® @esal emog

GWAde mal amafed® gam  dldleuem  ®IePYSs algledlal  ceaIeGOBIXIE]
HEMQHUB  @REmss®.  @® e  @sme. dlenlcd mesdo agpom eTual
=lewoennemau®  QllueeaBRud  sjaes @lslenmd alekonomilenemy  asmwelcleal
agleel@d  cadooidlasme.  aldlegem NG CEROHERDSe OUBEAIFIN®.
No. [ Wel Well | Block Village Latitude | Longitude Well Location Monitored
No Type From
1 14 Dug | Thrith | Nagala 1045'38" | 760719" | In the compound | 28-03-1980
well | ala ssery of Nagalassery
gram
panchayath
office, Kootanad
Junction on
Pattambi -
Gurvayur road.
2 143 | Bore | Thrith | Nagala 1045'38" | 7607'19" | In the compound 09-10-1998
well | ala ssery of Nagalassery
grama
panchayath
office, near the
open well.
3 160 | Bore | Thrith | Anakka | 1049'34" | 7603'49" | 5m South from 16-07-2001
PKD-6 | well | ala ra the North-East
corner of the
comopound of
Veterinary
hospital,
Kudallur.
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Year Pre-Monsoon Post monsoon Year Pre-Monsoon Post monsoon
1999 17.76 14.25 2010 22.46 15.16
2000 17.5 16.95 201 22.94 13.14
2001 22.8 12.98 2012 23.41 13.05
2002 21.35 16.89 2013 23.51 13.19
2003 19.4 15 2014 22.22 14.9
2004 20.25 12.36 2015 22.03 15.12
2005 22.03 16.36 2016 24.35 17.58
2006 24.81 12.43 2017 26.32 16.08
2007 22.88 12.84 2018 23.71 17.17
2008 20.95 14.93 2019 25.21 15.48
2009 21.75 14.22 2020 22.34 17.41

J0O.00

25.00 \/\/\

20000

15.00
10000
5.00

000

= R P oo o B D S D W B s e S D
o P o T Ly
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W W U U W
Pre monsoon Post Monsoon
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BMOINlWleges Yol ada
Al @RSIML.OIMODIGD
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EMIWM 639adlMUBRIMmES @RAUCRIIGM CWIWo — 2022 A 7
énigd. MiallmQOSWe HHBj0 HBHROSWYe EMNQIMTTI@

2022 @eer! 1307 HSHEOY CHHINBan0MMY’ andglwd
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m3oal® @)OmIL! alGLMI: S2MEIW
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0l gl juaoelmns ofl

rulleaflon (U] afidhang [t oo
adla] quomuoom glep, esnp
&8 pasyonound, alel dlero
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