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M-omtely Ngh k e t m e n t  in irrigathn pmjects 

hais beenvan Amportant aapeet of brala's planned offozts for agri- 
I 

cultaral: development. 'Phe need for and objectives of such h s t -  

nmts are best evident Orom the f o l h d n g  extract W an o f f W  

*In derrP of the rari8bilj:W of rdnfall in the state, 

.hi# prioriw has been accorded to irrigation projects 

in the Stuteh Five  Year P l a n s . .  These projects help the 

atate in etabill s i n g  fwd productions and in increasing 

prahcUcn of . non-food crops (Gmemment: of Kerala 1982) 

karLain features of the fnvesaent  in irrigation in the S t a t  

are the f0llmdJlg: 

(a) Ehlk of the investment has bean for amst =w ng d m  and laxge-scale indgation projectsf- 

(b) has been long t h e  overruns in the campletion of 
the projects lea- to 8ignPfjLcant  escalation of costst 

( c )  Even for Q I ~  projects completed the area Irrigated 2 1  '\ 
is s e a  to be far less than the targeted camand area,- 

M a e d  version df the papex prsrsentsd in the Seminar on "Data-Bare of 
-lama $eorwmpm' at Fkivandrm January 27 anil 28, 1983. 

'Rw authors wish to sank the w i p a n t s  of W seminar for useful 
-ts and J.Efuraleedharan Malr and Sujana BaA for omputational help, 



while these reflect the basic maladies of project planning and hple- 

mentation in the state'an important issue which cal ls  for careful sthdy 

is the extent to w h i c h  the objectives of ms-t in irrigation are 

getting fulfilled by the projects which have ~ ~ n . . c d s s i o n e d .  In this .....- 
, , 

. , ,  

process, it is a h  hp&t ,to ~ g h ~ i e h t  the factms which hinder the 

proper use of w a t e r  in stabilisinq and increasing agricultural production, 

This paper proposes to take up scme of these issues. 

The paper consists of two sections, Section I analyses the 

impact of i d g a t i o n  in stabiriehg and increasing the yields of paddy 

crop. The analysis is confined to paddy simply because, the ixrigation 

projects are designed to benefit the paddy Lands. Section ZZ at-s 

at going i n k  the fsctora hindering the proper use of water for paddy 

This section attmpts at analyshg the influence of irrigation 

on paddy yields. F k s t  we provide an overall picture and then w on to 

take up the differences across the am-clhnatlc zones w i t h i n  the atate, 

The data on used for thk analysis i~ taken f m  the cmp 

cutting v s  conducted by the Directoxate of E c o n d c s  and Statistics. 
h .  

Aa our coneern was w i k h  the ten major . :irrigation . -projects. camkssfoned 
. .  . 

1. 

in tAe late fifties, data for the years 1%3-79 we6 taken (for the smmer 



m u x m  the data used is for the pars 1966-79). Shce .Ehe definition 

of M g a t i o n  adopted 5 y  t h e  Directorate of Econcwics and Stat ist ice f a  

tm general, we haven't camfed out any independent analysis of the data 

for irrigated and unirrigated plots./ In order to analyse the data we 

wed the follming methcdology. 

A t  the very outset taluks w e r e  clasoified into irrigated and 

a d g a t e d  categories; irrigated taluks are those which pmddnantly 

fall. within the ccnmtmd area of the projects and the r e a t  are unirrigated. 

'Zo get an merall picture of the stabilisation of crop yields coefficient 

of vaxf.at3on of crop yields - were aalcuhted and the t a l u h  mrn -classified 

on the basis of the range of variation. Three interpels were  taken: less 

than 12 per cent, be-en 12 and 18 per cent and greater than 18 per cent. 

(The cut off points as such are arbltraq) . Then the n m b r  of M u k s  

fal3hg wfthin each range were taken. 

order to carry out the analysis at the 'micro' level talukw 
as approxivated by ths Cornmi ' A t e  on Agro~c l i rna t i e  zones 

were gmuped.into am-climatfc zones. The agro-climatic raones/were - 
taken an the basis ( G o o e m n t  ofJ brala 1974). It called for same 

di f i ca t ions  as grouping the taluks into the .twelve zones would have 

left zones w i t h  no irrigated taluka and many others d t h  only f mi- 

gated taluks. The mcdificatfon is worked out W n g  into account: rahfal l  
* 

p a w s  and topographical m d e l s  . The zonF?s with the t~luka are preaenbd 

W e p t  for zones 1x1  and IV, other zones are ignored for this 

analyaie as most of the irrigated taluks are concentrated in these zones, 

The seasomrise yield is divided by the average yield for the mason for the 



1963-79 r.leriod, These were plot'.sd on graphs, It was thought best te - 
use the ratios because they cwld be used to provide e m  idea about the 

trend in yields, if any. If there exists  any increasing fsrend in yields 

the kbsfixvat~ons should get ooncentrated on the lkf t ha* lmer and the  

Results and Did-8sio.l -- 
The estimates values of the coefficient of variation of paday 

yields across t a l u k ~  a m  giiren in table I. It i s  .&ern that the proportion 

of irrigated taluks with'relatfvely lmer coefficient of variatiah of 

yields (less than !.8 per cant) are higher (7,11 and 11,11 respectively 

for autwrn and winter) than the proprtion of unirrigated talms (13,39 

and 27/,:2 respectively for autumn and winter) .  But when it canes to 

m e r ,  bulk of the irrigated taluks also show very high coefficient of 

variation 3f 1ieiZ.b. As regarding the 8-r crop,.oPhile the overall 

(for 211 S e  taluks 6f the state] average coefficsent of variation of fields 
i s  about 27 wr cent, that fox the idgattad taluks is'about 20 per cent. 

Here zgah ore obsema wide xegional, variaticms, The IxrigatM taluka of 

Triv~~dmn district F ~ ~ C I W  an average coefficiena of variation equal t o  the 

T~ble i: \"kafficiant of-Vaxfation of Paddy -----.. Yields 
I~ross  Taluks -P Seasonwise f1963-1979) 

NO,of T a l a  fal l ing in difformt ranges of coefficient of 
Wiation 

IRss than 12 p.c. B e - 4  12 & 18 p.c. pter' than 18 p.c. Ta/ 

A u t m  2+ 12) 
Winter 7+ (8) 
sma~er l+IOE 

~igures 5n braebtm cormrrpoP18 to ,urdF3SigateB taluks . 



The above figurea p i n e  t . ~  2hc conclusion that irdgaticm hasn't. 

had much of an impact in stabilising the smer  crop. As regarding the 

winter crop it 1s difficult  to draw any valid conclusions becawe though 

me finds a low coefficient of variation of yields fo r  the irrigated talukr 

it i a  true of a large propodon of drrigated taluks as well, C d n g  

to the a u t m  crop it does seen that irrigation projects did have some 

kind of a stabilising effect an yields, Since them conclusions do not 

tdke into account the specificities of agro-cSimaticzzcnes, in particular. 

rainfaii and topography, w h i c h  have definite bearing on the availability 

of moisture and crop yields, it is necessary t~ carry out the analysis at 

the level of these zonea. 

When the ratios of the observations on yields to their mean for 

different taluks in a zone were ilotted on a graph sheet tSla fo l lwing  

pi- seams +o mrecrae. f F  t he r e  had been any increase in yields over 

thfs per%! ming t~ irrigation r otherwise the pmcentage of observations 

on left  hand lower and right hand upper quadrants should have been 

high. Sueh a pattern does emerge for the autumn seassn for both the zones 

whereas for tho winter season no such pattern merges (See tabla& 2 and 33. 

Table 2:  Percentage of Obscwations cn Different Quac?rants - Autumn 

- 
Zone XJI Zone W 



Zone XI1 m e  IV 
-,----H-----------"------"---"---- 

B may conclude that *gation b soffla i.&lwme on Held8 

in the a u w  crop, but no srsch hfluence the ppfnter crop. 

+ . mr it S B B ~ ~  +hat irrigation has some impact'on -$ping 
/ . .  

and imprrming yields during the autumn crop. As reg- the impact of 

concerned no valid cmclusi a s  ,can be drawn ~ 5 t h  the ed&g data. 

, war tkus iE LL-AI .-em ++- ;;n53~3.kandable as autlsrm was Sully minfed 

and w i n t e .  an irriq'ated c m p  in f * :aditAonal agr?.&t?m (For de ta i l s  see 

m absence of any vi i ibh  iapwt of invemmt in irdgaticm in 

etabSli~bg-. and ,hemasf ng yields i s  wing to the i n t e m c t h ~ s  &ong v m  

fa-& iF. the ecuncany of Karala. The f i r a t  set of issues pertain to the 

forces operaUng in the xi&  within^^^ agricll~t&al sect~r. 

second 'set of ismas pertdm to +he working of the organiaatims respond4 

fox consamatim and a ~ l o ~ a t i ~ n  dB watex, resmmee in the state. A + 



set of issuos :-late tr, t5e ~1ra::Z.i- :? .-,l?~sred so as to at-act fh- 

c i a l  reamxeos for irrigaAdun projects, viz ,  I of overstating the baer  

fits or ~ C c r a t a t ~ g  the costs or &th, at the project formulation stage. 

The above issues aze thrcrtm up granting a pa*icuhr model -- large scale 

imigacdton pxojec+s for pauy cultivation -- which has heen foil- so 

far. Thin  very mode3 neeas to be questioned in the light of thc aqro- 

cldmdtic e p i f A o i t i o n  of m$ala, 

We h g i n  w i t h  the xice e c o n q  of Kerala. During the last W Wadcia 

the performance of this sector has been deteriorating. The area under rice 

= .a  -&ago of the gmss cropped area has h e n  dec lhhg .  X t  s t c d  at 

35.33 per cent in 1952-53 and declined to about 29 per cgnt by the mtd 

-ties (P.P.Pillai 19021. -3.ously the area under other cmps has been 

-ding at a much faster pace-than that of-rice. Further, the area- 

ride has d~m- i'. Taz~q-.r?.l ' *  -m-i9e dvring the 1960-75 period. Dusing the 

-latter I=.- lf of the seventies, 2.: has shown a s h q  decl3ne. 

T ~ G  decl ine  i a  Frea sincs 1974-75 has buen steady. %re 

hc-..s beds ye-. +LV ye= f LucLwations in &me. 61tring t h o  

earlier periods th~?.:g?? of a mild order but a steady decline 

over four ccnsecutivr; yetra i s  1;11precedenM. The extent of 

d ~ c l i n e  avgr'tke four crop years works out to 82 thousand 

hecteres, i,e., b:y c k ~ s t  ZO p cent, The decline in area 

ie ragistared 5n bo*h the rafn paddy seasons, V i r r i p p u  

{Rutwm) an2 Xmdakan (77ixtarl though a e  area under Pun j a  

(Summer1 increased sZ:'.ghtXy by less than 5000 -s or 

3 psr em* (P.G.K.Pmikar 1981). 

Thio has corns &out: mi% to the unfavmrable mwmmt of price of 

almg ~ 5 t h  increasing costs and thk lack of any significant &a An 

5; pmUwtivfM? of Qrl:? crop.- Phe w f c a l  policy instrtment adopted f a  



solving the farmers problems was chat of subsidy without any concerted 

effort at bringing about changes in the techniques n5 prduction. It 

is well k n m  that the hstrumc3nt of subsidy can have some impact with 

in the narrow bounds of the movement of price of rice relative to other 

crops given the movermen", of wages. G iven  the specificitfes of mrala 

where the price of )rice had to be kept low in view of t he  social welfare 

measures while tha prices of other major c m & t i e s  are subject to 

forces of intern~ttionnl trade the assumption of a narrow bound does not 

hold. Conseque~tly the impact of subsidy on maintaining the health of the 

r3ce econmy has been minimal. The only solution in thh context seems 

to be in working towards sane far reaching technical changes in the rice 

,f- 
\ E e  potential fcz increas,ing the productlvfty of paddy is very 
'-. 

Ngh in Kerala;gi The prevailing levels of productivity are rmlch belorn 

the 1Bvsls reported frm ~%Flcs. 2-zrj2or.s c F  f n d ;  and abroad, Hmever, the 

introduction of the new technologies of rice ~.rducticm in the state call- 

for considerable improvments in the structure and efficiency of water 

management in the State 3, 
I 

/ 

Any efforts at tvater m a n a g m ~ n t  call for certain chances at the 

crop-hnd end. Tn order to m a k e  the hest use of water f i e l d a  must be propeq 

levelled and ~haped m d  must also be provided wfth proper drainage f a c i l i -  

ties so as to avoid waterlogging. The prwision of these gemices required 

a great deal of technical conpetence as well as-large f inancial  outlays and 

the willing co-operation of the famers concomed. The ideal way would be 

to consolidate holdings and re-draw fLeldobaundaries in accordance w l t h  

the lay crrt of the Land in a way which would factlitate the constxuction 



of channels and drains for tile 3s-L use of water. As fa r  as land manag8ment k 
at the end of crop land is conccmned ~ cmstraints needed ka be o v e m  

are nunemus (which are partly fnstitutfonal and parkly organisational). 

b a t  of these dPfficulties are highliqhtod in a report on the cmaolfdation 

of holdings prepared by the.at?te Rcvenue Board in the early sixties 

tT.l. Jayachandran 1965) . according to th i s  report, consolidatf wl 05 

garden lands in the state is an impracticable proposition. But it is not 

clear why consolidatLon of w e t  lands is not practicable. Actual imple- 

mntxUon, hmever, may xequixe strung political will and an efficient . 
organiaatiomit set -u p . X t is unfortunate that the institutional refoma 

which are essential £or realising the best out of the irrigatron projects 
\ 

am neglected in the Sta te .  ) 

. W n g  to the q:estion of water management &t calla for pxopr 

eonservatAm and distribution ivoxks at the infrastrwturaf level and 

proper storago and afl.ocaticr! t h ~ i ~ ~ h  out the  year so as to meet definite 

needs of the cmpa. As to the ixdrastructuxos, medim and large scale 

sbrage works have been built over the years. But h m  far has the building 

of m r  f i e l d  channels prcgressed? 

In none of the camand areas of Irrigation Projects, on farm 

developerit works necessary to adopt scientific water manage- 

ment practices have bean carried out. In many Bcks of trice 

fieldsr in the absence of f ie ld  e e s ,  water is let into 

the natural drainage channels ~ 5 t h  all its attensant evJLls.. 

Field to field brrigation is fhlfsed in the absence of 

field i d g a t i o n  channels. (CWRDM 1981) . 
me of the wt reasons for ehe slm progress, it seerms, is the I- 

budgets of these work as ccWpared to the budget9 of the major m&~,  



~ - : . ~ . l y  hportant are the k r k s  f&  main*^ h ca-t 

m a s .  %a is all the more important h a w e  of the pculiar strtuctuw 

of the catemer.:~ e: t?a rainfall pattern prara%l+_r_g in brala. The 

resemoirs are getting sil'ed up at an alarming rate due to the 1- 

scale d e f q s t a 5 i i  'taking place in the cabhenta. And the latter has 

caae about e h g  to'*& 1- scab &nc*aaclmart of ~ o & t  land- The 
. ' .  . . . 

state policy during the lzst two decades has been one of sncouraghg such 

eneroachmte. No one in :thf s i t a t b  to be bothered. abwtt: -me 

aapcts of  The pm-jects. 

t4mh-g on to the questions of regulat5ng pmper storage and allax- 

Urn fox icrigatl.011 throughmt ehe y e a  s d e  haghatlve tl3nMjlg -ir 

called fox. Ow5 ng to tho peculiaritde~ of xar'nfall ' and mpping pattern 

in a e  sfate albcatim of .calls for: vexy careful p w n g .  We 

have no EVJUE~CE that s w h  C ~ ~ U I  planning h a  been adopted fox r e g u l a w  

~6-3 of t)f2 wbtd iX~ls~t%051 w~@&s. % h m y  of the, , 

f r r i g d d ~ n  L;rs~d=~cy & ST-: ,gu oi anjr *;r-g fazmar's wganfmtions 

s m ,  to be tespn~3bfe for this somy state ok affdrs. 

R e g d h g  the practice of k13.pul~thg the figures at the W j e c t  

fomulati~n q k g e  Fa have the authorie of the State PbmnZ~kg Board -9 

Tt s e m  k h a t  me bfmlng up @f tba aya-2 area W heem@ 

a e m  p r d m  m. accomt of *.a s t r i c t  -e <m I .  tlmg 

ckitexXon OS e c c n d c  Wt a . w d  by the -t f a  

~cncticaing nfnor inl&a&cn a c ~ s .  :. . . . . . (Gmenrmeit of 

m h  the a m  atap-t is made in tha c w t  of mhcr ir+igakhI 
I 

projects, ws &el, ~ ~ l a r .  \practices m f o ~ m e d  in -text of 



L?he discussion so far has proceeded granting a ceRain mdel of 

irrigation and agricultural developent. The mo pillars of the model 

are (A) large-scale irrigation works; and (ii) irrigation ma-y for 

paddy. How, we wad like to question thia very mdel ofdrrigation and 

agricultursl developnent. One of the irtlpoxtant reasons for raising 

thia question is the specific features of gerala and the attendant high 

costs inrrolved in erecting large-scale projects: 

...,... The cost of irrigation water e m s  to 4.5 paise to 

10 paise p r  cubic metes while the cost of meking one hectare 

of land irrigable works to Rs.5000 to Rs.10,000, The high 

cos.t of Arrigation projecta aniI the low responses to frrPgaSon 

is attributed ta the topograpkal features peculiar to 

and to non-adoption of scicqtific w a t e r  mnagment practices 

(mphasis ours) CWFFIM 1981). 

Large-scale works are not cast effective when intended for supprng  

water tm mall valleys -read (ver a vaat area. Here it would have been 

lwst to choose a p a r t e l a r  model of irrigation after carrying out #me 

cmpdsons df cost and ef fectioenesa acroes vaxioue irrigation methodah 

The questioning of the polfcy uf irrigation mainly fox paddy also /' 
&sea frcm the gecuUar topographical features m i f i e  .to mxala. 

The p r o m o n  of garden an6 uplands in most pa- of W a l a  are veQ 

high,cmptxed to the paddy lands in the valleys. Given t h i a  feature 

aost effectiveness could only be achteved by providing water to crops 

, other than paddy as well. But such an a ~ o a c h  would call fox very 

cumfuf planning of storage and regulation of Elms through the month 

of the year as the water requirements of #e d i f f a t  cmps m a  diffemmt 
-, 

, \ 

': h Ln -5ous montha of the year. \ 
.) 



Xn s m ,  f ~ ~ r -  C~rki7~ig ;;~?L!-K...x ~ z i ~ e L i t s  ?ZW. the projects cmplew 

and'projects uiider constxuction it may be be6c to evolve a conprahensfve 

w a t e r  storage and regu2ztioa plan. Further, for the bst use of the : 

financial resources it may be hst to think in t e r m s  of various methods 

of irrigation, the interests of technfciana and cont~actors not  with- 

standing. 

The objectives af this paper, as we stated in the beginning was 

to -$A9 a ~ i t i c a l  assegment of the impact of irxigation on agri- 

cultural pmduction in the state an8 also to ident i fy  the major con- 

atxaints on I r r l q ~ t b o ~  c?.e-wJ.opment. Ar, attempt of t h i s  kina can be 

caxrio? out onlv to a 1i6ite3 o t e z d  because ,of the lack of ad- data 

an the i d g a t i o n  sect~r of the state. Ibvwer~by making use of the 

data on paddy v q e l d ~  iq L\a ixxigsked an2 unisrigated tirluks we have 

tried to p~ovfde s m e  idea r b c ~ t  tb impact of irrigatiun on paddy.-? 

duction. Tibe follmring ar2 ow: nain f f  ~ d f  n$s. 

(1) The *act c E ii-rigation f n cZ sWilising prUauctiv1 ty 

of paddy lands and immi~ing it arertime ie seen to ba a l y  

in' the state. 

t2) The lack of any aignfficant influence of irrigation an crop yields 

is due to a e  por managant of ArrSgaUon water. 



A vitrioty of factcr~ 7:- m,. . : -?T 35~1.2 ~ 3 r  the i.,afkciant 

management of irriqa3on watm. Un the m e  I::-i~d, na attempt is made 

so far for improving the rnamgemnt of agicultural land w l f i  the result 

that more than helping to stabilize an?. increase production, irtlgation 

p j e c t a  are contributing to waterloggincj and in this p rocess there 

is' considerable waatage of i r r igat ion water. On the other hand, the 

management ok Lrrigation projects are .inefficient in terns of [a) supplying 
.. ... - 

water frrm the main canals to the f amers fielda jb) regulattng the 

storage and dbcharge of w a t e r  from the headworks e g  into account the 

in taa i ty  and spread of rainfall in the coarmand m a  and khe crop--water xeqidre- 

man*.. (;t also uppears to ue U;ar .even if managanent of' irrigation 

projects are made more efficient; unless and' u n t i l  it $6 accmpan&ed by 

significant m e m e n t  in the management of agricultural land, frriga- , 

dm m j e c t a . m  not going t~ add anything substantial in terms of 

Z 
Sncmaaing agricultural prduct ion and w w t i v i t y .  

, i 





Since this def ini t ion in no way helps us to assess the impact of 
3rrigation by medium or major projects we have not used the data on 
irrigated yields provided by t h e i r  crop-cutting surveys. 

4' hll. results d i f f e r  from We results of George and Hair (George and 
Nair 1982) for * e  following reasons. Ceorqe and N ~ i r  have used the 
data provided by the Bureau on yieldx of irrigated and mimigated 
paddy. &ing to the reasons mentioncd in 2 above it is questionable 
as to what valid conelusione could one d r a w  Prom the data. Moreover 
M s  exercise has no direct karing on the impact of irxrigatfon by t h ~  
projects under consideration. 

The exercise carried out for pix taluks (three benefited and W e e  
control) also are subject to various limitations. Firstly the yie ld  
figures used are for a l l  the seasons which l i m i t  the validity of the 
conclusions drawn. Secondly, the selection of the control taluks 
ignores the agro-climatic specifieites of the benefited talulcs which 
might d t l a t e  t h e  results ,  

Y As to the price movements it is best to see,Panikari a table. We 
produce parts of it ( P.G,K,Panikar 1981 a). 

Table 4: Trends in Prices af Paddy, Wage 'Ratos and Price 
of Nutrients {State Average) 

Farm 2rice Kg,.of paJdy re- %.of paddy required to bay one 
of paddy &red to buy one Kg. of 
Rs ,per Kg,  ma^-day of I~bour . 

N 
P2 O 5  K2Q 

'me proportion of area under HYVe of rice in Kerale, viz.  30.9 per cent,! 
was less than the all-~ndia average of 34.6 p r  cent, and far below 
that in T d l  Nadu (32.31, Punjab (85.91, Harya (57.41, Jammu and 
Kaehdr (75.71, Andhxa Pradesh (55.51, etc.' 

See for details (P.G,K.Panikar 1981'b). We reproduce parks- of table 1. 

Table 1: Area under Hnrs in Kerala, Season wise 

All seasons cmbined percent under RYVs -- 
15.57 
18.20 
23.96 
28.38 
34.90 
34-44 
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Zaea Rainfall T ~ g r a p h y  T a l u k s  
--le"l-1"---1---------------------------------------"--"------ 

If Pattern f I Model 1% Nedumangad,* Kottarakaxa, mmathur, Qlen- 
ganrmr, Tirwalla, Changanacherry, Kottaym., 
W landy , Badagara , T e l l i  cherry, Cannanore, 
Taliparamha. 

111 Pattern 1 Model IIa Wattupusha, Zbnnattl~nad,* Alwaye," 
??rich=, * Thalappally , * Ottapalam, Perin- 
thahama, Huhmdapurm*. 

IIUlle"-".*l----11--.-3-C--I--II,-----U-.I------YIIYI--IIIII-I.-LIUI 

V Pattern X w e 1  xxx ~athan&aram, ~ a ~ ~ t t a ,  ~anjhpally, 
Peermade, Devieolm, U d ~ h o l a ,  Thdu- 
puzha, S.Wynad, N.Wynad. 

1---13111"--.-1---"----"------"------------------------------------ 

vz pattarn I Model IIb Bcyyattinkara,* !!2xivandnrm.* 
---rrrrrrr-rr---r*---r-.--.-------rr*.-.r-----------r-rrr--r-rrr-------- 

* 
1-1 gated ~aluks . 

M a l l  
P a m  I : Both the South WaSt  and North East mans-s n&rately d i e x i -  

- buted. South W e s t  monsoon with June maximum. 

Pattern XI : I U  d5stribut:ed rainfall. Snuth West monsoon w i t h  3uly 
d m  and concentrahd in 3 4  months. - 

~ o d e f  f Extensive valleys w i t h  level &t raised garden lands. 

We1 f I a  : Valleys lesn exteneive. Hills w i t h  nwderata graafenta and '. 

slopes having mild gradients. 

-1 X3b,  8 Valleys less extensive, h i l l s  w i t h  rnderike gradients and with 
egg shaped bump. Slopes m steep. 

&3ef 3Zc : Valleys less exhesivej Hills with table tops. Slo~ear are stees. 

Model XI1 : Hamow valleys and h i l l s  w i t h  steep gradients. 
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