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P. iiJ.i 

ABSTRACT 

The proposed study is directed at the regeneration of the 
largely man-made desert in Rajasthan, Northwest India. The objectives 
of the study are two: 1) to examine in detail the ramificntfons of 
instituting a program of desert regeneration on production of live­
stock, and 2) to perform a synthesis of information needed for es­

timating the carrying capacity of the area under present and various 
assumed future conditions. The model proposed is particularly strong 
in being a stochastic one which makes allowance for the probability 
distributions associated with both production and regeneration. 

In addition to the relations surrounding the provision for re­
generation~ the model in its most complete form takes into account 
resource allocation, changes in the exploitative technology, con­
sumption levels, resource distribution, and government aid levels~ 
plus the variance tolerances about key terms in the carrying capacity 
equation" In a simplified form for use in making a preliminary es­
timate of the carrying capacity some of these terms are set by mak­
ing assumptions based on current patterns. 

There are two pressing needs related to carrying capacity es­
timates: 1} a first rough approximation based on available dat~ for 
the use of government planners in making policy decisions needed now~ 

and 2) experiments and data collection programs for the use of future 
policy makers, and revision of plans to be initiated now. The main 
thrust of the proposed research is directed at the first of these 
needs, but in making this preliminary estimate an eye will be kept 
for possible future work related to the second as well. 
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I. ) OIJECTIVIS OF 'rBB STUD!: 

Tbe pr~• atudy t. 4llrectad at the reaeaaration of the larsely -.n-aade 

deaert in RajuthaD, Horthnat India.. TIRe objectlvea of the atudy are two: 1) 

to ..,...... ill detail tbe ra.ificatlCJDS of lDKltutial a progr• of nauerattma of the 

duert on prodact:IGD oflllvestock, arul 2}>;to _.. tbe be&lDDiDI& of a ayatbeala uf 

tile tafonatioD aecauuy to eatt..ate the caft7't.Da capacity of the ana for a 

ballaa populatloa, ltotb ..._. pnseat a4 Wider varioua aa..-4 futan coadlUou .. 

The 1104el propo ... la particularly atroaa ill beiDa a atochutlc oae whlda aakaa 

allowu.ee for die prolallbllity dlatrlbu.tiou ••cclat..S with botb produtioa ad 

re..-rattoa .. 

'l1ae ..... for a PI'OII'all to reaaaerate tile Jlajutba Detlert ........ recoplzed by 

the Gower--.t of liMit&, which •t.Dtaiu the Geatral Arid Zoae Bueucll ID.atltute 

(C.A.Z.R.I.) ill .Jo.lhpar, Rajaatban to cOIHiuct naeafth rel.at:e4 to thla 'rc>bleaao 

The Gc:we~at of IDila alao has recopd•H the Deed to control the cawatry • a 

popalatloa, lm4 bu .. t a taqat: ~f cat:tlDa the 1971 arowth rate of 2 .. St. per ..... 

ia half by 1978a79 (S~, 1971, p .. ll). In order for Gov.rameat plaDDera to .. t 

aoala •ch aa &Ida, tbey .- bava - tAle& of vbat tbe canyiD& capacity of the 

cowatry will be t.a tile year for which the pal ie Mt.. Sucb a CU1'1f.lt& capecity 

eat:a..te -•t, of courH, take illto acooaat the ftl'ioaa otMI' k:lDda gf aoala the 

Gcmai'IIIMDt llu Mt for ttMlf, auch u eUat.utiq JIOftl'tJ acl pnvWilla for tbe 

repaarattoD of the BajutbaD Deaert. AD •• .._.. of tbe f.llpact of a .... rt reaeaeratioa 

,nar• oa tile ,rodactioa of the art4 .-.ill lajutlum ia therefore a t.portallt 

atell ill tbe tuk tJf MkiD& a carryf.lta capacity eetillate of the naioD of the type 

MeW by Gon~t plaDarso 

It •llauW M Doted that Goft~t p'--en ..,. vtab to 1Mire a 4liattaetton 

.. tw.aa a canytDa ..,_tty ft&ure wbtcb conaapomla to tbe etaMai"Cl of liriaa which 

tlley coafAer the ld.lr.tnt• acceptable, _.the tarpt: tlley aet for the populatioa 

alae. 'rba;r -*'1 wlab to ..W• tbe at_.Md of livtaa by reclactoa 



tbe population as lllllCh as possible below the carrying capacity.. In any case) 

they Hill need to know the carrying capacity figure corresponding to their 

minimal goals for the standard of living in order to insure that t1~ir population 

policies are consistent with ac:.hieving e standard at least that hig'b. 

An assessmeat of the impact of a regeneration prog~am re~~lrcs n ~rossinr, 

of many of the traditional professional and acedemic bm:;ndaries" Reid Bt>yscv.~ 

a cl:tmat:olcgi~t from the University of t-1iacons:!.n who recently made a notewo:;:. thy 

coutr:i.butiou on the! potential for reversing the manucaused trend toward ch:y:f.ng 

of the cli.r.w.te :tn Rajasth.au, had this to say: 

" o "! -aould like to see work:tng on thio problem (control of the 
des€:rt in Rajasthsn) some experts on range Dl.ar!S.gement and othern 
on the social structure and on land tenureo I think what ~.;e need 
a.t the international level is true interdisciplinary 'tJ\."):rk, rather 
than to leave the science to the scientists and the social s.tuff to 
tha social people~ put them together and find a soluticno Perhaps 
what we really need to do ia to restructure some of our U~ units 
so that people of diverse backgrounds c&n apply their ~~ertise 
to common problems tnat require interdisciplinary and prcictica! 
solutiono (Bryson~ 1972) 

sm~h a syn~hE>sis of ~.nforrnation from many fi.elds is one o£ my :>bj~c.tive1:1n 

I believe that there is a pressing need for a rouch first apprcn-..ims.tiou t..f 

th~ carrying c.'lpacU:y to b·e mnde :I.mmedie.tely. Policy dcc:ts:ton.f: :!l'C:' needed naF. 

e.aG. i;her·efor.e the f:l.rst <Approximation of the carrying capacity must be haseC: on 

whatever data is ave.Uablc> no matter hm~ inccmplete or atatistically nonsignifi· · 

cant." Poli(:)r decisions which are being made riO'"~, either ac.~t:ively ~r. by default. 

are :tmylicitly making assumptions about what the carrying c02pacity ;){ the region 

is. Such decisions could benefit frcm the synthes:~s of whnt~v~r ~.ei:a t:~:id.st3 nou~ 

rathex than fo~egoing sa immadiate appr~tien in f~vor of a mora complete 

study to be completed at a later time. A second need~ which is sep.'lrate and 

independent of i:he Hrst~ is to set up exper~nts and dat<:> colh~ct.i.on progrruns 

future policymakers~ and revision of plllllS to be in!t:l.at,~d Ul>wo 



the CA .. Z,R. ,, and consultation with the sc:ientist:9 &t tlu. C.AoZ .. R .. L aud other 

of l:t :;s bet:lroen. 'the land and the amount of product pruch.u:e1; .and th~ stcr..>rsu b~ing 



compoaanta in Fipg !• not for the connections between components. A '~re 

boner.;'' diagram of carrying capacity relationships with the most simplifying 

possible assumptions is given as!!~!· 

Some of the different kinds of assumptions appearing in l.is!!It 1. and others 

that might eventually be added to the "bare bonesn model shown in !UU£S. £, could 

be categorized as foll~s: 

1 o) STATIC ASSUMPTIONS: This is the simp list formulation which is often 

uaod in studies of relatively simple systems such as sl&sh~andsburn agricultureo 

I have used this simplifying set of assumptions myself in making a carrying 

capacity estimate of a shifting agriculture system in Costa Rica (Fearnsideil973). 

Too definition of carrying capaeity of William Allen (1949) uaed b,· Street (1969) 

is: "the maxbaDD number of people that a given land area will mail:!:tain in 

perpetuity under a given sysc.em of uaage wf.thou.t land degradation setting in. n 

Often "a given system of usage" is interpreted to imply (by B. c. Conklin 

0.957, p .. 146), among oChers)~ a.) unvarying technology and crop patterns~ 

b .. ) qualitatively constant per capita food consumption and eo) quantitatively 

constant per capita. food ~ticm. 

2u) DYNAMIC ASSTJMl"!ICISS: T'ttis adds tbe asSUUtptionG of technology md 

eons~~ion cbangeo 

lo) RESOURCE DISTB.IBUTI<E ASSUMI'TIONS: These could inelude minimum standard 

of living assumptions whereby everyone would be brought above the official 

government "poverty lina. n Additionally "optimal distribution" constraints 

could be added to give a carrying capacity figure far whatever resource distribution 

the planner wishedo 

4o) EliVIRWMENTAL CHANGE ASSUMPTIOOS: The stipulation in the traditional 

definition of no land degradation can be modified to allow either a fixQd rate of 

degradation deemed acce}l:•table 'by the planner~ or, as the Governmetl~' :1 commitment 

to work towards regeaarating the Rajasthan Desert 'tJOUld indicate~ a modification 

could be made to allow for a set rate gf regenerati~c 



These essumpt!ons can, of coursee b~ applied in various combinations. It 

is the fourth of these assumptions 11 the assumption of regeneration rate, on 

wbic:h I will concentrateo 'This will be used first trlth the static assumptions 

regarding consumption and technology, and later ll data being available, 80III8 fom 

of dynamic assumption could be addedp followed eventually by the resource 

di8tribution aasumptiona 

It bas been pointed out with refereuce to the static asaumptions that 

carrying capacity est~tes based an these should be far from valueless to 

the population planner (Ehrlich, 1968, among others) o Since development of newer 

technologies is something that can be projected into the future only with great 

uncertainty~ it: would be unwise to endorse a population policy thai: cb.anc:ez 

the welfnre of the population on the assumption that a teclmology not yet in 

operation will be operating u planned at a specific time in the futureo At 

such time as the ne.w technology is IU:tually in operation, the carrying capacity 

eetiullte can then be revised upward and tba population euily increased to take 

up the slack if so desiredo This argumant, of course 11 holds only :f:or the 

comparison of static moclels vU:h dynamic onea which assume that pr<Jjeeted 

changee will £&ite the carrying eapacityl 

It might also be pointed oat that u earryiug capacity estimates go the 

ease of Bajutban has at least ooe aavl.ng grace in terms of simplicity. Sinee 

marked environmental degradation is already taking place, the present population 

is clearly ov~r the figure :for the carrying capacity assuming pre&(\D.t goals for 

the standard of living and the ''bare bone.s" assumptions regarding 1:esource 

distribution.. This makes the problem o;'t arriving at a figure for the carrying 

capacity much simpler than in the reverse ease where the population is some,vhere 

below the carrying capacity at the time of the studyo The Pandora 1 a box of problems 

related to picking the limiting factor is much simpler, as the arrny of difficulties 

in assessing the potential far space as a limiting factor ean be bypassed. The 

compLex cultural factors of "individual distance" (Ball~ 1959) 9 the. distribution 



of crowdiDg atrees :tn space (Galle, 1972) and time (Ehrlich & Ehrlich, 1971) 

can for the DIDllt part be avoidedo Only potential problems of settling nomadic 

peoples as a part of the regeneration program could result in these kiDds of 

space..,related stresses becoming limiting ('rm:nbull, 1972; Calhoun, 1972) ~ 

Unless other information to the contrary becoznes availablep it wlll be assumed 

for the purposes of this study that tba limiting £actor will be one of the more 

tangible problema that are causing the pA"esent liegradation of the land: 

deforestation for fuel and the food productic:m syst:em through grazitJgo Potential 

productton of these is fairly tightly circumscribed by the amount of watero 

B., j ;~~~,OF; .~OaP_QRATIJf'LA TIMf TApLE FOR !YiG,Jq~~JLC{1E;:y:q:::;, 

CA?ACI'ri MOD:aL; 

1 o) IMPACT ON STOCKING RATE AND PaOPORTIOO OF lAND ALLOTTED TO l'RODUC'l": 

With the general objective in mind of collect:.tng information related 

to the determination of a carrying capacity, effort will be focused on certain 

particular links in the chain of relations lying between the land and the number 

of persons that can be supported. The first sucn focal point will t•e tbe 

implications of providing for various set rates of environmental cht~ge, in 

other words the effect of adding a time table for regeneration of the desert on 

the number of people that can be supportedo 

The consequences of adding a regeneration time table can be seen in either 

,FiAAf-' l or !!aug ,!. The most immediate consequences are two: a certain 

amount of land will have to be withdrawn from production each year for reseeding 

and fallowing, this reduces the proportion of the land of this quality being used 

to produce the product, which reduces the total &DlO".mt of the product produces 

and ;hence the supportable populationo The second immediate effect is setting 

a ltmit on the allowable rate of exploitation of the resource 9 or stocking rate. 

The stocking rate limit must be set such that the regeneration rate is not lenD 

tban the minimum l:lmit set 11 and also such that the variance about this 11111an rate 



of regeneration does not exceed a limit on the maximum variance in the 

regeneration timetable which has also been set by the planner. A more time" 

delayed effect of adding the provision for regeneration will be an increase in 

the amount of land present in the better land quality categories and a decrease 

in the amount of land present in the poorer categories. Since calculations of 

the amount of product produced must be made separately for each land quality 

category and then summed over all categories to give the total amount of 

product produced, the upgrading of the land quality will eventually lead to 

greater total production and hence a larger figure for the number of people 

supportable. 

It should be possible to determine the maximum stocking rate allowable given 

the limits set on the mean and variance in the regeneration timetable, plus one 

additional constraint in the form of a limit set by the planner on the variance 

of production. A fourth constraint could also be added whereby the mean 

production would be bounded above by the environmental degradation ussociated 

with this which is not explained by the stocking rate. This fourth constraint will 

not be considered here, however, 

One would expect the mean rate of regeneratiol:l to decrease as the stocking 

rate increases for obvious reasons~ One would also expect the variance in the 

regeneration rate to increase with increasing stocking rate as mere minor 

perterbations in the weather would, for example, result in grazing goat 

populations eating through the narrower margin of fodder production to cause a 

setqback in the regeneration schedule. The variance in the amount of product 

produced can also be expected to increase with increased stocking rate. As with 

the variance in the regeneration rate, an increased stocking rate C!ould more 

easily result in a goat population, for example, running out of fodder during 

a dry spell leading to a dip in tbe production per goat and possibly also a drop 



in the population size of the goats. The increased crowding from increased 

stocking rate could also increase the probability of loss due to insects. 

diseaset etc. The chance for permanent damage to the environment also increases 

as this margin of production decreases. 

These three determinants on the maximum alloaable rate of exploitation or 

stocking rate are shown graphically in Figure l· As is shown in the figure. 

different outcomes could result from differ(tnt s~ .. ::;pes in the relationships between 

these three factors and the stocking rate. In the first ease the variance of 

production is limiting, in the second it is the mean regeneration rate~ and in 

the third case it is the variance in the regeneration rate which is limiting" 

Different outcomes could also be produced by changing the limits, shown by 

horizontal dashed lines in the figure, which are set on the basis of value 

judgments made by the planner. The way in t>7hich these limits are set once 

the planner has defined his goals will be explained later. 

The assumption that i:he relationships graphed in Fji!!r@. 1 are linear is 

one which is made only as a first approximation for ease in interpr.eting the 

modelo The effects of the m,Tiad of possible synergisms could be incorporated 

later as a further refinement. In reading the graphs in Eigu[~ 1 one should 

move from left to right (in the direction of increaaed stocking rate); the 

first of the three variables being graphed against stocking rate (the solid lines) 

to cross its respective lim:tt (dashed line) then becomes the limit:lng factor. and 

the corresponding value on the abcissa becomes the maximum allowable stocking rateo 

The vertical scales of the three variables are~ of course~ all different, but 

this does not affect the outcome as each variable and its respective limit are 

plotted using the same scaleo 

A list of priorities must be set up for determining the relations involved 

in caLculating a maximum allouable stocking rateo I would order them as follows: 



lo) a regression of the variance of production on the stocking rateo 

2o) a regression of the mean regeneration rate on the stocking rateo 

3.) a regression of the variance in the regeneration rate on the 

stocking rateo 

2") FACTORS AFFECTING THE PROBABILITY 01 PRODUCTION FAILURE AND ITS 

FEEDBACK ON STOCKING RATE: 

The limit on t.he total probability of production failure (a measure 

of the variance in production) is set by the plannero To this amount of 

permissible variability in total production ~an be added an additional amount 

of variability made possible by the amount f:J.xed by the planner of permissible 

peak and cumulative amounts of government t'id to production during fnmines. The 

resulting total amount of allowable variabil\ty in the local production machinery 

must then be apportioned among the various fac.~.ors contributing to productim 

failures. These include such factors as the var\ance in prices of goods needed 

for production which are bought from outside and ~he predictability of rainfall. 

To the P.xtent that these two factors are not under \:he control of f:he planner, 

the feedback from the limitation on variance of prod•ction must be directed through 

the other element shown in .Figure !,: the probabUity ,,f loss due to insects, 

disease, etco 

The way in which this amount of allowable variance i:· apportioned among the 

three contributors to the probability of loss due to insectr.; over lmich the 

planner has control: the stocking rate, the technology (sue •. as new breeds of 

goats, etco), and the proportion of the available land budgettd for production 

of this produeto 1.8 each of these variables increases one waul\ expect both an 

increase in the producti.cn (the lfvalue'P in economics terminology) and an inerease 

in the probabiU.ty of a loss due to an outbreak of insects, diseas ~, etc. (the 

"costs" in eco-.:wmh:s terminology). These two can be scaled togethet in some 

fashion, and the combination of stocking rate:. technology, and proporl ion of 

lsnd can be found which maximizes the difference between the value and the costs 
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s.aject to tba eoutraf.llt that tlae total prolaability of failure act eaeec1 tba 

U.aitatf.oD fizM by die pluDer {ltoo,..., ltSl; Kar'lill. 1959). 

UDder the ''ltan l»oaea" _..1 with the sbllplifieatiou aholm lD P'lpre .! (pqe 34) 

thi• Mc:a.e• peatly •taplifW u oat,. the atocldaa rate is eou:Wendo Tile 

partie11la~ valau for the proNitility of iuect or 4t.eue loe• tllat an Maociated 

with tbcft value• for tecbaoJ.o&y ucl the praportt.oa of av.allaJtl.e laa4 allotted which 

van fixllcl a a part of die ailllplifyilla proceclure an aubtracu4 !rca tlae l:IMt oa the 

toeal proNitlli~ of loa• fie G lDMct8 _. cliseaaeo Tilt• aiv• a.., Uait, which 

corn•,.,... to tba "Uait oa the VU'iaace of pnductioll." aJac:.A azoapb:l.cally in 

F1Pre 1 (INIP lS). The varioua aUtnctiDa •tepa ... 1a deri'f'ilaa dtia Ullit Ia tbe 

''Nn ~toM•" .-1 are .aao.m 4t.aps tlcall~ ta P'lp!!! (Paa- 36). 

Sa) P'.acrcltS AI'PICTIRG TIE HIA1I ABO YABUI1C& OF RIGilmt&TICB M'l'E .Aim ITS 

'dae pa~>.ratloa of af!/ oae of tbMe :nsrea&ion .equati.oas will, of COU'H, 

Rflain the --ar11 JRt of a -lt::I..Wde of var.lahluo Stoekt.Qa l'abl u aot tbe oaly 

YU't.ahle affectiaa the n~~altaat:...,... er vartaea in the reaeaerat:loll nte or tlae 

wriaace ill p.-uctf.ml.. Other variUle•, die efteua of whl.cla ll1aU llaYe to .. correot .. 

for ill the .-1 to 111Ja11k the l'elatkm of tlae atockia& rate C)ll tiM-- aDII var:l..ance 

of the naeneratiaa, af.alat i.Dclude: 

1 o) raiafall, both the tot:al ad die _. falllaa urtac certaia critical 

tllles of the sear., 

2o) tile tnatwat liftll the J.a.ml, .uch u contour fu~ or raseedilrao Pe&ap• 

tlai8 caa1Al be •-ftd u tena of coat, COft'eeted fen--. t.M expected '-fit (JoAa, 1968), 

or .caW ill ~ otller faalalml. 

3~) The crastaa ...... le ia aleo S.,OJ:tat (Bayeh, 1968). fte tt.. of ,..r that: 

P'Uilla ocaar• ca.-. a peat 4if~ tache nRltiq 4sssae a tile 



plants for a given amount of forage eaten. Penniug of livestock and feeding them 

on stored fodder during ehe moat critical times of year can substantially raise 

the carrying capacity for livestoeko Rotational grazing is another alteration 

on the grazing schedule that can raise the carrying capacity (Fearnside, 1973b), 

and it has been recommended for certain places in Western Rajasthan (Gupta & 

Saxena, 1966). Some sort of scaling of the grazing schedule with reference to 

the resultant damage to the plant is therefore needed. 

4.) man hours put into tending and managing the herd might be an easily 

measureable var.iable that would reflect on subsequent regeneration,, 

So) The effects of plant diseases and inseet pests, both in terms of the 

amount of plant matter eaten or destroyed and the timing or importance to the 

plant would affect regeneration. 

In addition to these:t much more data would be available if appropriate 

corrections could be made for such different and otherwise uncomparable conditions 

as: 

1.) Different species of grazing animals might be corrected for based on 

the amount of fodder corummed, the method apparently used by Jodha (1968)., 

The best possible correction for different animal species would also correct for 

the relative damage to the plant depending on the part and amount of each 

different species of plant eatenp etc. 

2.) Different range quality classes might be corrected for baaed on tbe 

predicted yield of edible fodder. This could include ranges on different soil types, 

etc. 

3.) Different range plant speeies communities might be comparable if 

correction is made on tile basis of the amount of fodder production, but other 

corrections might also be necessary. 

Once available data has been collected and standardized as much as possible 

for each of these other variables to isolate the effect attributable to stocking 



rate$ then a limit can be set on the maximum permissible decrease in the mean 

and increase tn the variance of the regeneration rate due to increased stocking 

rate. This is doDB in a ma.nner similar to that done with the probability of a 

production failurea 'J:he factors contributing to the mean and variance in the 

regeneration rate are shown diagramatically in f~l and i respectively, 

together with a representation of the subtraction procedure used to derive the 

limits on these Here again there are more than onP. 

ccnt.ribut:ing factor ove;: wh:i.ch man bas some control: the manhours put into 

tendingp the cost of tnc treatment (or a correction of this for prt~dicted benefit), 

the grazing schedule, and all the oth~r characteristics of the utilization pattern 

l~mp£...J under the heading nexploitation technology" in Ftw.u:ps 1 anci 1· In 

addition to these factors which are directly under the control of man, the 

contribution from insects a:ad disease not P.x.plained by the stocking rate is 

also partially under man's control through the proportion of avail1lble land 

allotted to any one product, large monocultures being more susceptible to 

insect"'causad disasters than diversified land use patterns (Janzen,) 1970). 

An optimization procedure can again be used here to maximize gains and 

minimize losseso The costs in terms of added variance in the regeneration 

timetable or decreased me,n_n regeneration rate must be quantified on the s~ 

scale as both the other costs associated with each of these factoro and the 

benefits to be had from them in the way of added productiono Additionally, two 

of these factors: the tirne spend in tending a.nd the cost of the t::eat:ment 

probably serve to reduce the variance in the ~egeneration rate and shorten the 

timetableo These therefore serve to raise the limit on the variance in 

regeneration rate due to the stocking rate, and likewise tc permit a higher 

stoc:king rate before eroasiag tbe bound on mean regeneration rate as well. In the 

"bare bones" model the contributions from all of these variables i:J considered 

fixed at the present level with the exception of the stocking rate, 



C.) OTHER VAIU:.AaLES : 

As can be seen from the diagram in F18Y:f.t .1., there are many other links 

in the model which I have not described hereo These links will not be considered 

1n this first "bare bones" approximation, and will be left for further refinements 

of the carrying capacity estimateo Although the variables related to each of 

these will not be described here, their inclusion in the diagram in Eia~~ 1. will 

help focus attention on these for future perfections of the estimateu My 

CO!I'mitment to work on carrying capacity problems for Rajasthan does no·i: end with 

the nbnre bones" model, and I hope to incorporate some of these additional 

variables after achievement of the first priority goal of a rough first 

approxim3tion of the carrying capacity as outlined in this proposalo 

IIIo) BENEFITS TO THE SMITHSONIAN FROM SPONSORING l'HIS RESEARCH: 

1. ) PROBLEM OF liAJOR IMPORTANCE: 
- -=t ,¢;;; _ ...... ~~... ... .--.v 

The problem of estimating the carrying capacity so that I·adf.an policy• 

makers can make decisions that will allow the achievement of their various goals, 

including the regeneration of the Rajasthan Desert, is one of major importance. 

The effect of research related to this problem therefore need not end with the 

publication of the results, but has the potential of applicatioa w~ich will be 

of imnediate ben_efit to large numbers of peOillev 

The dese~t in B:.a.jasthan continues to spread) thus lowering the area's 

carrying capacity. The population growth in the area al3o continues to widen the 

gap between the present population and one consistent ~ith the ability of the land 

to support a human population. Both of these considerations mean ::hat it will 

be far more costly to regenerate the desert at a later tim.e than it would be now. 

Research in this vital area shauld therefore be funded n~, rather than being 

postponed to a later timeo 



3.) GENUINE; INTEREST OF INDIAN GOl.1ERNMENL_J! PROBLJ!!: 

The genuine interest of the Government of India is evinced by the 

founding and , continued support of the Central Arid Zone Research Institute in 

Jodhpur" The Five Year Plans clearly indicate the intent of the Government to 

bring the population of the country in line with the carrying capacity. (G.P.I,, 

1951; 1964; 1969). The Fourth Five Year Plan Outline refers to limiting the 

birth rate as the 11kingpin of the Plan" (Rain<, 1969, quoted in Saxena, 1971, 

p. 11). The history of governmental awareness ~£ the importance of carrying 

capacity bas been a continuing theme since the EV.6 report of the Health Survey 

and Development Committee, which states: 11the quu:tion of the need of cautious 

adjustment between the population and the resource~~ that are available cannot be 

ignored and should receive serious consideration." (nhore, 1946, p. 477, quotad 

in Saxena, 1971, Po 8). 

4.) CONTINUING RESEARCH PROGRAM OF C.,A.~.R:-1.: 

The results of n~ study would be a part of a 19Tger continuing effort on 

the part of the C.A.Z.R.I. and the Indian Government. ~~e existence of this 

program means that forthcoming results would have a grea:~r chance of being 

pursued further by researchers there, and ~-ould also have <:. greate·: cban(:e of being 

taken into account by the Indian Government officials who ru-;t formulate and 

implement policy. 

5.) MUCH EXCELLENT WORK DONE BY C.A,Z.R.!.: 

The large number of excellent studies done by the res~archers at the 

Central Arid Zone Research Institute on specific components 1-n ':be carrying 

capacity model will make the payaoff from applying the model fat greater than 

had this pioneering background work not been done. 
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6 u ) MllOifAL DOPLICATIOB or O'I'Bill IBSIAICJI: 

Altbou,all ..cia tafonatioa em tlla ..-etfic cc.poDeKS of the carryiq capacity 

_..1 bM al':'BU4y .__ collected, the pro1t~ ntat.l to fittillla tht. iaffitnatloa 

ia.to a ae-ral carryiq capacit)' adel COMt:l.tute - aft& wie.h hu great need 

of .Witloaal. naeaeh effo::t., This .... two illpol'taDt fllplicatiou: lu) the 

-.1e roaa for •n J:UMZ'Chere ill dtb putt..J.ar piKe of tba nuaJ:Cia Dicbe•apace 

__. dlat ay wort wa:W fa no way co.,.u wlt:h or dapUcate the effort• of other 

neearcbera ta t:be •~• oa the cOitbU7",.,. wolk ia ... i&Md to CGIIPt..D.t the 

effCJrts of tba odaar ecieD.tiu•; aM 2.) tba SldtbeoniaD coald ~ to reap 

a hiP ntun &oa scpport put illto tW.a .., ana of ftMai'Ch u tbe 1a of 

•illiat.abiaa ntaru w DDt yet t.epa to u•art it:Mlf. Ia .-rt, t:be •tM• of 

~...-dl 1a BUeh that tile SmithHD:laa :1.• :l.a a poaiti• to baw taa. beet of both 

worLia, eaogp kc~ work bari.aa ~tee 6oA1l to a&l to the ftlae t' the reault;a, 

yat DOt ao ..ch llat furtller research upeuclltare. niult ill daplicatton of .. fort 

... r6fkicit4 rawm "- ru r..~ iiN.aatman:a 

!'np'- taltt.K .. ~ tbe IIMtf.aa Gowl lit t:• np.erat:e die Jtajaati!ID DeHI't 

.ay •11 h a poll focal poiat &r ai4 ln. tttltar ewatrte•., Epa~ ~ N 

...... for aucla a proaraa for CGJIQiu.tet'..._, ..ttoriaa, de .. , u wll u .tvt.ce 

oa col'riaa specific Cedaa.:l.cal pml»ltliB a tllay arise.. The adltiaiatmtQn :l.ra aach 

latft'IIUinal ...-tu, u wll as die lelia aillld.aiatrator wlao c1ecW.a wbat kWa 

of aU aft u••••• WU'B!4 surely find dtc zoa=lt:Q of rQSQaZ'Ga &aeh u tltia~ uefalo 

8 .. ) MITIIODS JliVIIPl'IJ) WXJ.I: II APPI.ICf.IJI TO O'l'BI:R ABAS OF Tim WCIUJ!: 

Problems at.Clar to thotre in Rajutlum atat ta __,.ana of die world, 

:lacladiaa the United States of a.r:l.ca. C&l'ryf.aa cap.c1ty eatm.tu an Madecl 



for these areas, and all experience gained in making this kind of estimate will 

ease the way to solving the problems in theoe areas as well. 

IV. ) PLAN CJF WORK 

A. ) METIJODOLOG,X: 

The first order of business will be doing some concentrated library 

research at the Central Arid Zone Research Institute in Jodhpur. Many of the 

C.A.Z,R.I. publications are not available at the University of ~~chigan. I will 

pay particular attention to collating all data presently available on exclosure 

reseeding and stocking rate experiments. This information needed for prediction 

of the time table for regeneration program~ including information about the 

variance to be expected in regeneration rates under different possible programs, 

will surely be scattered enough to require some concerted searchingo At the 

same time I will try to interview a wide variety of workers in an ~ffort to 

educate myself to the insights they have gained in their ~~ specialties and to 

get guidance in finding all of the info~tion that exists on the ~ritical 

variables in the carrying capacity model. 'I'ht:! most important sources of 

information will probably be the researchers of the CuA.Z.R.I. In addition to 

these workers I would approach as many of the Government officials as possible 

including Rajasthan Animal Husbandry personnel at all levels~ District Collectors~ 

Block Development Officers, etc. The files in these offices often contain a 

great deal of information if one has the patience to ferret it out ~.-. a task 

at which I became quite proficient in my two years of service as a..a American 

Peace Corps Volunteer in the Rajasthan Animal Husbandry Department (Fisheries 

Division). I would also try to approaeh both State and Central Go·i1ernment servants 

concerned with planning. I would also speak l-Jith acade:micians in ~ wide range 

of fields at such institutions as the University of Jodhpur and thf! University 



of Rajasthan in Jaipur. I would try to synthesize th~ information gathered 

according to the framework of mf carrying capacity modelp starting with the 

links involving the a"!Wunt of environmental change. 

B o ) SClJEDl.J,LE OF WORK: 

July 1, 1973 (or as early as May 1 
if this proposal can be 
approved by then) 

July 2~7 

July 7 .... 20 

July 20 ~ Aug. 20 

Aug. 20 ~ Aug. 27 

Aug. 28 ... Sept. 3 

Sept. 4c.,9 

Sept. 9 

Arrive~ New Delhi 

Tra·vel to Jodhpur via Jaipur 

C.A.Z.R.I. for use of library 
facilities~ interviews with 
researchers, u. of Jodhpur~ 
Government officials and other 
sources of information in Jodhpur 

Travel in Western Rajasthan; 
interview District and Block­
lave 1 't·ror:loors ~ observe C. A • Z .JL L 
study areas and intervie'» field 
researchers. 

C.A.Z.R.l., Jodhpur 
continue interviews and reading 
(may wish to coutinue field 
~bservations or proceed to 
Jaipur first, however) 

3aipur for interviews with state~ 
level officials, use of State 
Govet'l'Ul1ent records, and 
interviews at t!.1e University of 
Rajasthan. 

Delhi f~r interviews with Central 
Government officials, usE:~ of 
Central C~verrun)nt records, 
possible information from 
interuational aid agencies, etc. 

Depet.·t for' U.S .A, 

Note: 1) this proposal represents only a preliminary study and tnay be foll~wed with 
additional proposals for more detailed stucUes. 

Note: 2) this schedule is very approximate, and of course would ha~Je to remain 
flexible to allow extended stays where information :ts mos!; available and 
abbreviated. stays where it is not. 



V.) THE STATE OF KNOOZDGE: 

A.) THE MA@!JTUDE OF THE PROBLEM: 

Tbe desert in Rajasthan covers an area of about 214,039 sqa km., or 

60% of the total area of the State (Jodha, 1968). Some of the outstanding 

features of the desert are listed in Table l· The desert produces an enormous 

plume of dust with densitites at the peak over Rajasthan of 600-800 micrograms/m3 

up to heights of 3,000 to 9,000 m~ which makes the air more than 2 ... 4 times as 

heavily loaded with particulates as the air over Chicago (Bryson, 1972)- Tne 

plume of dust extends all the way from Arabia to Cambodia (Bryson, 1972). 

Climatologists have only recently come to the conclusion that thi£: dustinesa 

is the reason for the area's aridity (Bryson & Baerris, 1967; Wendland & Bryson, 

1970; Bryson, 1972). The dust in the atmosphere expla1.ns earlier observat:tons of 

a discrepancy between the rate of diabatie cooling calculated without provision 

for dust and the rate of cooling necessary to maintain the sinking of the air. 

It is the sinking of the air which results in the stable, deserti' conditions. 

Measurements by Bryson~ .!.!.• (1964) and Mani s,t !!.• {1965) confirm the relation 

of dustiness to the unusual cooloing rate which accounted for the sinking air a 

There is a wealth of evidence that the area which is now desert in Rajasthan 

once support a high culture and bad a lush forest characteristic of areas with 

much higher rainfall. This includes evidence from sculptures in the Mathura 

region cirsa 500 B .• C. to 640 A.D., references in the writings of Eerodotus of 

400-500 B.C. vintage, and references in the Ramayana and Mahabarata which were 

composed betW(.len 200 an.d 500 B.C. (Randhawa, 1945). The vegetation was lush 

at the time of Alexander the Great (Puri 3 1960 V. I Po 261). There: :l.s also 

pollen evidence for a much wetter climate at the time of the Indus Civilization 

about 1000 B.C. (Singh, 1967, 1969~ and 1970), The climate began to show 

evidence of dryness about 1000 A.D., but t:b.e drying trend has been more 

pronounced in recent years (Bryson, 1972). 



'' .. • 

The high particulate matter content of the atmosphere has been justly 

ascribed to the intense utilization of the land by man: ground cover cannot 

remain established under intense grazing pressure from sheep and goats. I have 

observed personally innumerable examples of this during my own twowyear otay in 

Rajasthan. More and more land is being pressed into cultivation, mueh of it 

marginal in the extrmoo" 'lhe switch from herding to cultivatiOD is a common 

eOilSequence of population pressures (noserup, 1965) » and when done on marginal 

land often results in deserts (Sears, 1935). 

The area of tbe arid zone in Rajasthan used solely for grazing decreased 

from l3o09 million hectares in 1951 to 11.,04 million hectares in 1961, a decrease 

of 15.6~ (3odha, 1966). At the same time the population of grazing animals 

increased by 53.2% from 9.4 Dd1lion in 1951 to 14.4 million in 1961 (Jodba, 1968)o 

Tbe estimated average annual production of fora&n on these grasslands is less than 

300 kgs/bectll while grazing stress is estimated at about 8 cattle equivalent:s/heet .. 

(based on ratios of 1:6 for the effect of cattle; sheep or goats and 1:1 for 

cattle: other kinds of livestock~ and on the cattle census reported in Anonymous 

(1964) (Kaul & Chakrav.arty~ 1968)o Tbis is of a diff)rent order of magnitude 

than the "grazing capacity" for adult cows on a year .. long basis o£ 12o2~ 8.0, 

4o9 1 and 3o6 hectares/cow for 'poor,' 'fair,' 'good,' &ld 'excellent' range 

condition classes respectively in an area with 319 mm of llllDual rainfall (Ahuja, 

19611 q.oted in Ahuja. Bbimaya & Samraj 11 1968) o Other rep~rted grazing capacities 

i.Dclude 2o5 sbeep/he:ct on porr regeland at Pal! (Dabadghac1~ 1959b), from 

6.,93 to 7 o60 &Mep/heetare on sown pasture at Pali~ depending on r:he species of 

grass (Kaal & Chakravarty, 1968), 6 bect/ccw on roeky r.sngelaDA.~ a~ ICailana 

(Jodhpur) (Ka.ul & Chakravarty, 1968) 11 and 2ol•7 sheep/beet~ on nnttJral pasture at 

Pali 11ben grazed only 324 days/yr (Das ~ .!!·, 1963} o 

The desert is appartmtly adva.ncing into surrounding arable l.~nd;.. but the 

reported rates of advance vary among aaong authorsa Talbot (1957>, followed by 
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Bryson & Baerr:ls (1967) and Ehrl:i.ch & Ehrli~h (1970, 1'· 166) reports one··half 

mile per year. Ehrlich gives a rate of enlat•gemen.t in area of 6,000 sq. miles 

per year, while Talbot gives a value of 700 sq. mi1es/}"e&r. Puri (1960p p. 259), 

referring to Hera (1952) ~ stateo that "the Planning Commission's estimate of 

50 sq. miles per year may not hold much scientific ground," and points to the 

lack of data. 

B.) E§AT IS DIJNG paNE: 

Whatever the rate of advaDce of the desert 11 it is agreed by man;· that 

the trend ean be reversed through proper 1llltl4gement and reduced population 

pressure. A research program related to reclamation and control of the desei't 

in Rajasthan was begun by the C.A.Z.R.I. in 1958., The C.A.Z.It.I. now maintains 

52 r~search areas varying in area from 60 to SO hectares in ten di.Jtricts of t!J.e 

desert ra'gion (Bhimaya ~ !l!,., 1966) o E:losure experiments, such as the 

C.A.z.n..I. program involving 22 range management areas fmteed for 6<->7 years., 

show regeneration when grazing animals axe excluded (lta.ul & Chakraw.r,ty, 1968) o 

There are several 8C&ttered exelosure experiments in other parts o! India 

The pro.speets for pasture development are brightp and such dewlopments 

can mpay the money invested through added produetiono Jodba' s (1968) study 

found a eGst:b&nefit ratio of from 1:3o47 for reseeding aloae to 1~5 for 

treatman.t with coatour furrowingo A simila1: study in West Pakistan (rrench~ 

1968) found eost:benafit to be 1:3 with reseedingo 

A number of workcra have made lists of recomm~ndations for inq)rowments., 

such as those of Baheja (1964b) and Gupta and Saxena (1966)" 

A good deal of background information has heen ac'~umulated:il W'.l.uch will be 

helpful in designing :range improvement otudies" 'th.ese have .been ltsted in the 

bibliography11 where a plus sign (+) after the reference indicates its availability 

at the University of Michigan$ and minua sip ( ... ) indicates its abNDceo 



Background information on the origins of the Rajasthan desert include: 

Krishnan (1952a & b); De Terra & Hutchinson (1936~37); Sajnani (1964); Sen (1962); 

Abmen (1969); Chbiffer (1949); and Wadi& (1937~ 1954). 

Literature on the climate in Western Rajasthan includes Banerji (1952); 

Bhatia (1951); Gov't. of India (1960); Krishnan (19639 1968); Krishnan & 

Ra.khecba (1965); Krishnan & Shankamarayan (1964); Krishnan & 'l'yanvi (1969}; 

~broue (1965); Meher~Bomji (1965, 1967~ 1968); Pramanik i£~§1• (1952); Rao (1958); 

sawyer (1947) ~ Subrabmanyam (1958~ 1964); Subrab.manyam & Murty (191)8); and Govinda&WBm~J 

(1953} 0 

1,iter3.ture on groundwater resources of the area includes: Gupta. ~ Abieband.ani. 

(1968); Pandey,@£ J!!o (1964); Sakaena ~ .11• (1966); Shankarne.rayana 5 .!l.• (1965); 

Sbar.ma iF" .!!.• {1953); T£ylor ~ ~· (195S}; Auden (1950 & 1.952); Chatterji (1963, 

1965); Chatterji & ltupta (1969); Cbatterji & 1.1ondal (1964); Cb&tte;:ji ~ ,!;\· (1965); 

Chaudhuri !!. ,!;1,. (1966); and 'Dhn~v.tm.!tray2m!l (1965) a 

General informatioo on the geography of che uea is reported :·~n. So.n (196~'•); 

Pitbaual1a (1952); and Singh (1952)o 

Plant distribution work includes: Bajpai & Verma (1964); Baknhi (1952); 

Bhandari (1961•1962, 1964, 1967); Bhtmaya &Ahuja (1968); Biswas & lao {1953); 

Blatter & Hallberg (1920); Bhandari (1963); Croizat (1968); Jain & Kotval (1961); 

Joshi (1957, 1958a); Joshi & Sharma (1964); Ke.nodia & Bat> (1965); F:.ia.g (1879); 

Legris & MehBr·,Bomji (1968); Mathur (1960); Meher .. Homji (1962); Mu1.ay & Ratnam 

(1950); Hair (1956, 1957, 1961); Nair & Joshi (1955); Nair & Kanodj~ (19S9); 

Nair tt .!1· (].961); Nait & Malh.otra (1961); Na:tr 6: Thomas (l962) ~ 1Takash & lian&\ 

(1961); Pur1 ~~ ~J.." (1964}; Ramachandran (1950); Rae; Rolla & Kanodt.a (1962•63); 

Ratnam (1951); Sankhala (1951); Sarup (1951, 1957, 1958a,b,c); Shat~arnarayan 

& Satyanarayan (1963); and Shar.ma (1962)o 

Plant ecclogy literature includes: Bharucha (1952); Boyko (1!168); Chaudhuri 

(1957); Daba.d.gbao (1958 11 1960a11b); Gupta &: Abacbandani (1968); Joshi (1956, 1958); 



.Joshi & Bansal (1968); Joshi & Varges.e (1967); .Joshi .ru:. .!!.· (1961); Nanda (1967); 

Puri (1952, 1960b); Raheja (1965); Ratnam & Joshi (1952); Sabnis (1919•1921); 

Sarup & vyae (1957 9 1958); Saty.anarayan (1957~ 1958, 1963); ShaDkarnarayan 

~A!o (1965)i Sharma (1963); Sarup (1952); V;y.as (1955 1 1963); and V)as & Gupta 

(1962, 1965) .. 

Some of the literature related specifically to plant production includes: 

Bhimaya (1967a); Kumar (1971); and ~1r & Joshi (1972)o 

!n.formatiou an small mamnal pe$tl includes: Prakash (1959~ 1962&~ 1967); 

P1.·akash & Kumbhnrni (1.962); awi Pral:!Sh !£.. .!!,. (1965)o 

Insect pest and plant disease .Literature for the area include.o; Al.am (1952); 

Cotes (1891); .Joshi (1967); Room:11 & Bcae (1964); Srivastava & Pande (1966); 

end Srivas~va & Pandey (1967)o 

A:D. important bQdy of liteuture on tha classification of land quality 

includes; A.bachandani & Ghoo (1964); Ehimaya & Ahuja (l967a:: 1969); Bhirlaya 

.9S !!.o (1965); Gupta & Saui.t. (1966); Banda (1969); Prakash & Ahujrn (1964); and 

Raheja (1966) ,, 

Land use information .s also essential, and can be found in n:eh aourees as 

Anonymous (1960); Bharadw ~J (1961); Bhimsya & l:aul (1968); Gov' t ~ of Rajasthan 

(1961); Kau1 & M.ishra 0 16l); and Sen and Abraham (1966) o 

Grazing studies .u :: -vital to carrying c&pacity esl:imations~ a.rut inelude~ 

Ahuja (1962, 1963); />J.Jja!!!, !J,.o (1958); Banerji (1~-8); Chakravarty & Das 

(1964); Chaltravarty ! ;;, .!.l• (1970); Dahadghao (1959b); Dsbadghao & Marwaha (1970); 

Das £t !!lo (1965); '38 £t &o (1963); and Kumar & .Joshi (1972) a 

Livestock mal'J gement and production studies include~ Ahuja (1964:1 1965, 1966a, 

1969); Ahuja ~,!:. ! :.• (1968); Ahuja .!£ !.!· (1965); Ahuja ~.t ~· (1964); Bh:f.maya 

(1967b); Govt t .. Jf Rajasthan (1956); Nuayan (1960, 1962, 1961~); l,atel (1961); 

and Sapre (196;"; " 



Pasture development studies i=lude: Ahuja (1961); Bhimaya & Ahuja (1967b); 

Bhimaya .f.S .f!o (1966); Chakravarty (l968b,c?-; Dabadghao 11 Marwaha & Das (1961); 

Kaul & Cbakravarty (1968); Misra & Das (1963); Raheja (1962b, 1964b, 1966b); 

Ramamoorty (1964); and Dabadgbao (1961b)o 

Studies on reseeding technology include Chrutravarty (1968b); Dabadghao (1959a); 

Chakravarty ~ . .!l,o (1966); Ch.arkavarty & Vorma (1968a); Chakravarty & Bhati (1969); 

French (1968); Dabadghao jt~J!o (1965); Jodha (1968); Kau1 & Chakrav.arty (1968); 

Ahuja & Bhimaya (1966); Verma & Chakravarty (1969)o 

Germination studies on grass seeds include: Ahuja & Bhimaya (1967); 

Chakravarty (1965); Chakrav.arty & Verma (1968a); Chatterji & Mukherjee (1969); 

Lahiri & Karbanda (1963); and Sharma {1965)o 

Studies in root structure and ecology, an important factor in choosing plants 

for erosion control. include Bhaskaran & Chakravarty (1965); Bhima.ya & Kaul (1965); 

Cbakravarty & Kackar (1966); Dabadghao.!!, !lo (1963); and J.Cau1 (1965b) o 

Other studies related to dune stabilization and erosion control include~ 

Bbimaya & Kaul (1960); Bhimaya S£_ .!!· (1961); Mishra & Ram Prasad (1966); Misra 

(1963); Prakash & Pathak (1957); Quadri (1960); Rao (1951); and Sing and Sankhla 

(1960)o 

Afforestation and farm forestry studies include: Bbimaya & Kaul (1960); 

Bhimaya _!l .!!,o (1964, 1965); Bbimaya !!S A!d (1960); Kaul & Ganguli (1964); Khan 

(1960); Lamba (1960); Pathak (1956); Raheja (1963); Kaul (1965a,c); Kaul & C~~u 

(1966); and Eaul & Ganguli (1963). 

Forage analysis and production studies include: Ahuja (1966b,e); Dabadghao 

(196la); Du ~ !!, .. (1964); Ganguli JS .!!o (1964); Gupta & Saxena (1966); Mondal & 

Gupta (1966); and Sen and Ray (1964) .. 

Research method studies 1.nclude such efforts as Jain (1967) and Jain & Bohra 

(1966) on plot size and Raheja (1964a$ 1967) on air photo use in surveyso work 

has also been undertaken on various technological solutions to desert problems r 

such as Lahiri;s (1966) work on antit~anspiranta .. 
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A number of review papers and general commentaries have also been compiled 

on research and development worko 'lhese include Raheja {1962a:~e); Raheja & Sen 

{1964); and C.A.Z.R.I. (1966). 

Resource surveys include Satyanarayana {1963); Srumkama.rayan Sl, .!!· 

(1965); Shankaruarayan & SatyaMrayan {1963); Symposium of Natural Resources of 

B.ajasthan (1969); and Vestappan .!!, .!!· (1969) • 

Socio"•economic suzvey work includes: J..mmymous (1957); Bharara & Bose 

(1964); Bharar & Sen (1970); Boae (1963, 1963); Bosa & Bharara (1965); Bose & 

Malhotra {1963, 1964); Bose~ ,!lo {1963$ 1964); Bose §.t s.l~ (1966); Carstail·s 

(1952); Jodha (1966, 1967); 11alhotra (1964); Malhotra _!S !!.• (1965); :Malhotra£!:. ~1" 

(1966a,b, 1967): Malhotra & Bose (1963); Nat. Council Applied Econ. Res. (1962); 

and Sa.cbchidansnda {1964) .. 

Soil literature includes: Abichandar,:i. (1964:~ 1965); Bharucha (1960); Ghone 

(1965); Gupta~ ~1· (1969); Gupta (1952); Kolarkar and Abichandani (1967); 

Kolokar & Singh (1970); Krishna (1966); K::i8hnan £t ~· (1966); Krishna & Gupta 

(1952); Misra & Bhatt (1960); Mondal (196'7); Mutakar & Raychaudlw1:y (1959); 

Quershi & Yadav (1964); Raychaud.hury (19(4); Roy ~ .!!!.• (1969}; Sarill (1952); 

Satyanaray&D& (1958); Saxena & Basu (19;4); Seth& & Metha (1963~ 1965); and 

Tcubaue £t .!!.• (1960) o 

There also exists a fair amount >f literature on the mecbanicms of social 

change in villages, Seu (1969), for :!X4mple11 on mass courunication in a desert 

v11lagea The most important 1itertl:ure on s.ocial change are probably thOS(? 

related to populetion pressure, sr.eh as Coale & lloover (1958) and Roseru1, {196.5) 

to name two excellent geu.eraJ. .O'~os for India as a wholeo Anothm· i.mp.ortant 

area is that relat1ng the enti:(~ region to the rest of India@ sur:h as ~:lora (1952) 

en the value of the deoort reglon to the national economy. 
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A.) ,!Ilt:!J!: May 25, 1947 Berkeley, C.alifornin 

B.) KJ!X$.:1~~: Height; 6 fto 4 in. (2 meters) 

Weight: 170 1bs. (77.5 kgso) 

Health: Excellent 

Pbysieal disabilities: Non~ 

C,) EDUCATION: Allll. z . --
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1.) Public schools in California & Mas::-, ~chusetts (1952~·1965) ~ 

Honors: First Place 8 (PhysicJ)» Wellesley 3r. High 
School Science Fa.i · o 

First Place, (Physi·~ ;) , Greater Bcston 
Regional Science 1 iar. 

Wellesley Sr. High f:chC?Ol Physics :?rize 

2.) COLORADO COLLEGE (1965=1969): 

Ford Independent S~udy Progr1m ~bolar (1965·1969) 

B.A. (Biology), 1969 

Honors: Phi Beta Kappa 
Magna Cum Laude 

3.) UNIVERSITY OF MICHIGAN (Jano 1!72 ... presE,\i:): 

Degree program: lead:b.g lo Ph.D. in Z\ ology 

Field of Concentration: :;cology 

4,) ORGANIZATION FOR TROPICAL STm>:ms (July .. Aug. '.:·12): 

This is an N.S.!' • .,funded program run by 27 U.S. w!.d Latin 

American universities. Research projects and field P-'blems are 

carried out in varied Costa Rican habitats~ including le 

Guanacaste Province. My major effort under the program 'ltvolved 

determining carrying capacities for human populations <Fet~side~ 

1973a). 



D.) 

E,) 

A.) camp ecnmselor; Pine Island camp, Belgrade Lakes~ 
Maine. Sunmers of 1965 and 1966. 

B.) Ranger Naturalist: National Park Service 0 Glacer 
National Park, West Glaciert Montana. Summer 1968. 

2.) TEACHING FELLOW POS.J.TION§: 

Balf®time positions leading discussion sections and/or 
laboratory sections for University of Michigan Zoology 
Department courses: 

a~) IutrQductary Biology for Natural Science Majors 
(Bot.,zoo 106). Under Drs. Gellarius, Shappirio~ 
Helling & Martin. Winter term 1972. 

b.) General Ecology (BotwZoo 351). Under Drs. F. Co 
Evans & W. s. Benninghoff. Fall 1972. 

co) Habitats & Organisms (Zoo 454). Under Dr a D. H. 
Janzen~ Winter, 1973. 

PEACE CORPS -RAJASTHAN FISHERIES (1969" 1971): 
. - ~~ 

L) ASSIGt-lMEl~T: As an American Peace Corps Volunteer I served two 
- I _,.,....1;; ......... 

years as a reservoir management advi6or to the Fisherie D~~rtment of 

Rajasthan State~ Northwest India. Before embarking for In,dia~ 1 uner-

TtJeUt a thirteen--WJeek Peace Corpa training prcgram which included 

appr~tmately five hundred hours of training itt Fisherieso Our 

co""Workers in India were Government Officers wbo bad undergone two 

years of special training in fisheries in Bombay. Our rol;~s therefore 

differed conaiclerably from the t.wual stereotype of a Peace Corps 

"generalist." 

My life :f.n India wa9 split between any station on 

an isolated reservoir miles from the world of electric light bulbs and 

plumbing ....... , where I lived for months at a stretch withcut hearing a word 

of English -~ and the ~e of government offices through ~~ich I guided 

my proposals a 



3.) ~: I worked as a virtually unsupervised "idea man", 

starting an applied research program on the fidh populations in a four·~ 

square mile reservoir, and writing proposals for changes in management 

practices. Eighteen papers and notes containing my proposals were 

publisbed in mimeograph form by the American Peace Corps Office in Nev 

Delhi; these will shortly be printed:; along with the work of other 

volunteers, as a Handbook on North Indian Reservoir Managemento 

4.) ..§!1~~§!.~~ Several of Dl1 ideas on Rajasthan fisheries had 

been accepted by the Department at the time of mJ departure in Septemberp 

1971. The most imp rtant of these included: 

a.) CO!lmOU carp pilot study: The exotic species ,Pyp:tlp.ug, 

£&3EJo was being introduced on s large scale into reservoi~s in Nor~h~rn 

India despite some indications that it might compete with tJOre desirable 

8Pf!Cies of native carps. The fisheries directors in two st:ateo!i 

Rajasthan and Madhya Pradesh, had agreed at tha time of my departure 

to halt the stocking of common carp in large reservoirs anu restrice 

stocking to small tanks in which ti& Indian species did not naturally 

breed~ pending the outcome of a pilot •tudy which I designod. 

b.) baBe rate system; This syztem would change the way in 

vbf.eh royalties were col10cted frail fisheries contractors in such a way 

aa to eliminate the contractor's econcmaic incentive for taking only· a 

few of the more valua.ble speeias and leaving the resto Sut:h 

selective fishing 9 i.f allowed to continue~ •-ould eventually have caused 

the renervoir to bt3ccme overrun uith trMh fish., A r.wrked decline in the 

most valuable stlecies vas already taking place.. At the tiiJ.E, of lli.'Y 

departure tbis proposal b~ passed through the entire heirurchy of t~ 

Fisheries Division a.nd Animal Husbandry Department, and bad been 



forwarded by the Deputy Secretary to the Minister of Agricultureo If 

he approved it as planne.d, the system was to be instituted on a trial basis 

this year at the Bundh Baretha Reservoir, as a prelude to its introduction 

in reservoirs throughout Rajasthan. 

F.) SPECIA~_QyALIFICAXIONS: 

lo) l_tpENI B!!Pl: 

I spealt simple conversational Hindi well enought to convezse 

without feeliDg restricted by the language. Languages ccma easily to me: 

after the first few months of my Peace Corps work I spoke only Hindi when 

speaking ,,.·i.th North In4ians~ inc:ludin.g Ill)' dealings with Government 

Officers vho bad large English vocabularieso 'l'h.is is a rarity among 

Peace Corps Volunteers in Iadiao 

2o) ARO!\D ROOCA'fl(lfAL B4CKG1\0t»!J!: 

My undergraduate career in a special honors Iv.dependent Study 

Program sponsored by tbe Ford Foundation lead to much more work in the 

social sciences tbs.n characterizes most biology majors. A tour ao 

President of the Colorado College Intematicm&l Relations club~ plus 

leading "anthropology workeamps" to the Cherokee Indians of Oklaholl13 and 

the Tarahnmaras of Mexico added to this broadeningo This is not to say 

that I have not also prepared mJSelf ~~11 in my specialty •lf ecology~ 

3 o) g_oss .. (fULnJRA~SK.ll*: 

I have developed a certain skill in working wi.th people of 

other cultures through a long history of work with such diverse peoples 

as American Indians, Sluh"'ODd·burn agriculturists in Costa Ric:an 

rainforest~ and my Peace Corps work which involved dealing with persons 

ranging from the lowest of laborers to powerful Government officials. 

I have also traveled in over 40 countries in North:~ Central and South 

America, ~-•t~ Central, West and North Africa:~ Europe. and South Asi&o 



I regard my cross~eultural Bkill as one of ~J most imp~rtant 

qualifications for carrying out the work outl1Jled in this proposalu 

G.) BIBLIOGRAPHY OF THE rMI£IP~Jil!(VE.~~~: 

Fearnaide, Philip M.,. 1970ao BP9't oe w91k 4!9' at BUildh ~ :.:-.: 
(mimeo) American Peace Corps, Naw »elilio 

--..,.....""""":'--"'"~==~~--· 19? lao byced9re f.!!4 need. fm: eollss,t.ism of 
!e.taltx fishiM data at lgclh kretbf~ (mimeo) American Peaee 
(!orps ~ N«!W DelhL 

~~~-· 197lbo froseclurt ..... 8J<:: ad,..!!t col:J&ctiS ... 9.t 
AePl!. H-~iwt d&S at JSundh kretb,a, (Ddmeo) American Peac" 
Corps, Rev Delhio 

. , 7.971.~!. ~:>typO!ed farov~t.!., 2t...'a!eh s.<L~:~ 
arre,&~t~»Jo F ~ >. '~: c ; .· lepl ~i!h1rut. 11!..J$.a 1a~a~reservo1u,, 
(mimeo) American ~':c;c :(' ·~:;:::·?•, New Delhio 

---=--=~==--~• 197leo ~ aide to . ..SM J>!H"'r~..t! fYSt!lll ft)t. 
!rospecti,U- rmltz contractors. (miaeo) American Peace Corpa . 
New Delhi.e (English and Hindi) 

---~-:-___ ,1971f o Jhe lae·a~r~te, Jm~...SW for set tins 
rotaltiet for CO!P!rcV..+.,. &iahiD& at Bup.dh Baretba, (ad.Me) 
Am~r5.~an Peace Corps, New ~lhf .• 



--~~-....... ----=:,-.-• 1971k. ~ f!r a p11ot stu4v to aeaess the 
~t on Dll1pt sm populations of introcluein& ccpngn s:am 
~rtnUf eapio) late la1atthan reseryoirs, (mimeo) American 
Peace Corpsf ~ew ~liU.. 

-~-=--=-"'!':""..._,-=-. , 197lm. Disadvyt"!ge! of a lcmg,.,tereu:ont_}'..f! ·. 
/_or. JkmtfL!!J"etba., (millleo) American Peaee Corps, New Delhi. 

_, ==- ___. 1971no C99"'QJ:f OJ! Ambala tl.-.h Seea._l.~c'1 
~.!:!ii!iii), (mimeo) American Peace Corps, !lew Delhi. 

__ -·---- 191loo .CJ"!!!ftnY 911 S!f.dpur li!_b Sees.J':_,:.:~ 
<!!UaJU\), (m.imeo) American Peace C'.orpej New Delhi. 

---.~~-~--:~'' 1973a. an estin1£-te. of. the carrying capc-.clty af 
the Osa Penninaula fo:: hr-~~- .. i).::;.u~ti~ &l.ij!i'O.:'~wJ vu. a 11uif:: :i.r.:>, 
agriculture teelmologyp (in press) §ePPrt .2t)Wie&rcb hctivi __ ::_;. 
YndertA.l<ts dw;laa the SU19r of 1972, Organization for Trop:i r ~, ~·. 
Studin51 San Jaee:- Cotata Rica. 

l973b. observations on farming and ranching 
techniques eapl.,.ed a~: Finc:a 1.& :rtaeifica, Guanacaste, (in Prec . I 
Btpor;_of i£iaarc~ As.._tlytiH. YJc!E.tAfp. Dptlng the SUIII'9ef of 
!2!~,. Organization for Tropical Studies, San Jose, Costa lUea. 

Reprints of any of the Am'.arican Peace Co:t't'S writings crm 'b~ supplied 
on request. 



VII.) !JmGET.~ 

A,) PAt;prS TO !E MA1JE DT1!'§£!'l!Y IO Ilt'.qBNAUQ!AL CAJ1UD§.: 

1~) IDtematioaal Travel; 

..... !lev Delhi .... Detroit 

10 kga. @ u.s. $ equiv. 11.09/Xg .. 
(peraonal effeeta 9 iDcludiDg tJPewrlter) U.S. $ equiv. 110.90 

total to Ia.t' 1. carriers 

to) fAJ,g!'tS TO B1 MAD1 DIJ1ECTI,Y TO GWf'lEE B.BPpSBNTATIVE IN INDIA: 

LJ 11 v!ng allOVBDCc: 

&u) Delhi1 6 days @ UoSo $ equiv. 21 
u.,s, Gov' t. per diem rate. 
(Sept .. 4 "' 9) 

b.) Outaide Delhi~ 57 days @ UoSo 
$ equiv~ 16 UoSa Gov't per 
diem rate 
(JUly 8 $ Sept. 3) 

a." ) Indian Air.liDea 
J'af.pur "' .Jodhpur 
J'oc!bpur .. .Jaipar 
Jaipur .. Delhi 

b o) Indian railways and buuu: 
1000 Jan@ UoSo $ ettUiVo 
0.,03/km 

total directly to 
grantee repree.entative 

u.s. $tQoo • as. 7.60 

2o) Total budget~ 

u .. s~ $ equiv.. 126o00 

u.s. $ equiv. 
U.S. $ equiVo 
OoSo $ e~ivo 

30,00 
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D c) 1,0, F9N5!9! P:G!!AF§ cu.s I $) R!Qlp'fiD: 

It shoul.cl be DOtec1 tbat DO pa~a are Z'fMIUea.ted in u.s. clollara, and 

all pa~ an reqaested iD lDd:l.an Rapeu., All fundal are to eama fJDm the 

Sld.th80G1an I Pore:lp Curreucy Program; DO maoey ia requested from the Jncltan 

Gnerra.tt • ..,. otber iDStltatioll.. 'Dai8 pzopoaal bas not been submitted to 

ay C1ther fuDdiDg apncy .. 
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FIGURE 1· A DIAGRAM OF CARRYING CAPACITY RELATIONSHIPS Page 33 
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R • amt~ enviroamental 
chaase (regeneration 
rate) 

VR a variance of regeuer• 
ation rate 

VP • variaDee of productlao 

LVP • limitatioo on variauee 
of productioo coatr1butecl 
by stocking rate 

LVR 

LVP 

Lva 
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of regeneration time 
table 
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envir o change (regeraara• 
tioo rate) 

LVB. 

LVP 

X 
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FIGURE 4: DERIVATION OF THE LIMIT ON VARIANCE OF PRODUCTION 
FOR THE "BARE BONES" MODEL: 
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stocking rate ("LVP'' • 
limitation OD var., of Rego 
timetable of Figo 3) - ___________ _, ___ _ 
docr..-e in "t''lrl.a.Dce due 
to IIIIIDhours of tending 

c.'tecreaae iD varia.Dce due 
tc cost of treatment (or 
cost corrected far 
predicted benefit) 
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SOORCES FOR 
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LDIKS TO OTHBI. C~ 
(shown by ArDra leading 
away from- the component 
in!&&· l) 

•••D•••s;~o•a•o~•a ... •e•coe~•oee•aem••e&:J'2'J••=ra•a•••••e•••a••••••e••••••••••aese!l'••••...,,.., ..... .,. ·#<6--...-··~~~ ... _...,..~.-...·),· .... •-tir-I':Y.&e•••e•(D•eGa•ca•••o•&o•••~-::-· 

size of population 
supportable No, of peraOD8 none ...... Tot size of labor foreea 

supportable on direct relation, the 
("carrying local reaources (clepeadent labor force size for 
capacity") for an indefinite variable) production of a given 

time period given product being 
the aasumptiona clepeocleDt on the 
described below u populatiao aiu, age 
to consumptive habit structure,:,',',~;·:< the 
(ie. "atandard of "-Del• fol' labor 
living") technology, for pl'Oduction of 
resource allocation, other produeta, and 
rate of environmental the aat o of reaouree 
change, and variance base allotted fo~ pro 
tolerances about each uetioa of tbe prdduc! 
of theae. 

consumptive the average amount 1.) preaent 1.) eocioe Toa aime of population 
habit consumed directly conaumptf.on acOilOIId.c supportable: 

per perama. given •urveys Amt o of product pro .. 
("atandard the restriction on 2e) minimal 1tmdard ducecl X proportiom 
of living" the variance of of living 2~) official conaumecl dlrea t ly 1 
term) consumption (which restriction poverty line averaae per capita 

has been translated consumption • 
into a restriction 3o) "optimal" reaouree 3.) arbitrary population supportabt 
on the variance cliatrlbut:l.on (note that the "amour, 
of product ion) produced tocludea 

vartance reetrictiona 



~ COMPONENT 
:, NUMBER 
,e 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
OF COMPONENT 

LINKS TO OTHER COMFONE~ 
(shown by arrows lead-­
ding away from the 
component in Fig. 1) 

----------------------------------------------------------------------------------------------------------

( 3) variance in the "products" here present price economic re- To: Consumptive habit! 
prices of refers to goods bought fluctuation cords of re- High variability 
products for direct consumption, levels cent years may affect how much 
bought from such as food. the population will 
outside satisfy its needs 

locally and how mum 
it will rely on 
cash cropping and 
exchange 

(4) age struc- the proportion of the 1) present 1) census To: Size of labor force 
ture of population in each age a g e s t r u c t u re data the number of per-
population class sons in the age 

2) stable age 2) calculated groups producing 
distribution the product, adjus-

ted for the demands 
for producing other 
products 

To: efficiency of labor 
force: the effici-
ency of each age 
class will differ 



COMPONENT 
~ NUMBER ( 
~ 

~ 
~ : 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
OF COMPONENT 

LINKS TO OTHER COMPONE~ 
(shown by arrows lead­
ing away from the 
component in Fig. 1) 

--------------------------------------------------------------------------------------------------------
( 5) 

(i) 

(71) 

resource 
distribution 
assumptions 

minimal 
standard 
of living 
assumptions 

demand 
for 
cash 

this can be measured 
through such measures 
as the "evenness" term 
of species diversity 
formulas using the pro­
portions of the popula­
tion in each income 
class or proportions 
in classes determined 
by amt and quality of 
land owned 

the monthly per capita 
income below which no 
member of the popplation 
would be allowed to fall. 

the amount of cash in­
come needed by the 
population to satisfy 
their demands for pro­
ducts (to be directly 
consumed) and goods 
(to be used in produc­
tion) which are brought 
from outside 

1) present 

2) minimal 
std. of liv­
ing 

3) optimal 

1 ) none 

2) set 
arbitrarily 

1) present 
demand from 
each income 
category 

1) socio-econ 
studies + 
gov•t data 

2) official 
poverty line 

3) arbitrary 

1) ---

2) official 
poverty line 

1) socio-econ 
data 

2) projected 

2) projected 
demand with pro­
jected changes 
in technology 

To: consumptive habit: 
the consumption of 
the product in que~ 
tion by each income 
category 

To: exploitation tech­
nology: the proba­
bility of adopting 
technological 
changes will differ 
for each income 
category 

To: resource distribu­
tions: this will 
truncate the lowest 
income classes 

To: use to which pro­
duct is put:. 
this will determine 
the ratio of cash 
cropping to sub­
sistence farming 



iii 
~ 

:OMPONENT 
~UMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
OF COMPONENT 

LINKS TO OTHER COMPONE~ 
{shown by arrows lead­
ing away from the 
component in Fig. 1) 

--------------------------------------------------------------------------------------------------------
( 8) 

(9) 

(10) 

t 11) 

use to which 
product 1s 
put 

variance in 
prices of 
products 
sold to 
outside 

a11ount .of. 
product 
produced 

limitation 
on variance 
of production 

the proportion of the 
production which is 
eaten, sold, etc. 

fluctuation in the 
prices received 
for cash crops sold 

the amount of the pro­
duct given the restric­
tions on the quality 
of the product and 
the reliability of its 
production 

the maximum amt of vari­
ability in production 
acceptable. Other com­
ponents in the system 
must be adjusted 1n such 
a way as to produce no 
more than this amt of 
var1ab111ty 

present use 
pattern 

present 

none 

(dependent 
variable) 

1) present 
observed 

2) calculate 
from gov't 
goals 

gov't data 

gov't data 

To: size of supportable 
population: 
proportion consumed 
directly x amt of 
product produced I 
average amt requirm 
per capita • size 
of supportable pop~ 
lation based on 
this product 

To: use to which pro-
·duct is put: 
high variance may 
discourage cash 
cropping 

To: size of population 
supportable: 
amt of product pro­
duced Xx proportion 
consumed directly I 
average per capita 
consumption • size 
of population sup­
portable based on 
this product 

1) gov't pro- To: 
duction re-

total probability 
of production fail­
ure: the total pr~ 
bability of produc­
tion failure must 
not exceed this 
limit 

2) gov't policy 
statements 
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COMPONENT 
NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
OF COMPONENT 

LINKS TO OTHER COMPONENiS: 
(shown by arrows leadin~ 
away from the component 
in Fig. 1) 

:----------------------------------------------------------------------------------------------------------• 
(12) acceptab,iity the total probability 1) present 1) history To: limitation on variarce 

probability of a production failure, probab1li ty of recent of production: 
of production including its duration of production production variance of produc-
failure de- and the probability f$ilure failures tion m~st not ex-
spite gov't of its occurrance ceed this limit 
aid which the planner is 2) set 2) gov't goals 

willing to accept arbitrarily 

(13) acceptable the probability 1) present 1) history of To: acceptable probabil1ty 
probability acceptable to the probabil1 ty recent famines of production failure 
of famine planner, including despite gov•t aid: 
despite direct the magnitude, dura- 2) set 2) gov't goals acceptable probabil1ty 
gov•t supply tion, and probability arbitrarily of production failure 
of product of occurrance of • acceptable prob. cf 

famine famine +max. permi!-
sible peak & cumula· 
tive amt, duration 
and probability of 
requirement of dire<t 
gov't supply of pro· 
duct 

( 1 4) maximum per- the amount acceptable 1) present 1) gov't reeordsTo: acceptable probability 
missible peak to the planner level cords of re- of production fail-
and cumula- cent famine ure despite gov't aid: 
tive amt, dur- 2) ideal relief opera- as in #13 
ation and pro- level tions 
bability of re-
quirement of 2) from goals 
direct gov't of gov't planners 
supply of 
product 



COMPONENT COMPONENT 
NUMBER {sh {shown in 

boxes in 
:J Fig. 1) 
• 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS 
{shown by arrows leading 
away from the component 
in Fig. 1) 

l ---------------------------------------------------------------------------------------------------------· 
( 15) 

{16) 

{ 17) 

{18) 

total proba­
bility of 
production 
failure 

amt of 
permissible 
gov't aid 
to production 
during fa­
mines 

predicta­
bility of 
rain 

probability 
of loss due 
to insects, 
disease, etc. 

a measure of the vari­
ance of production. 
This includes the 
probability of occur­
ranee of a fi,lure, 
together with the 
probable duration and 
magnitude of the lowered 
production 

amt acceptable to gov't 
planners. Includes both 
peak and cumulative 
amounts, as well as the 
probability of require­
ment 

the variability in 
rainfall (both in 
amount and timing~ 
as related to pro­
duction) 

a measure of the 
variance in production 
explained by these 
factors 

1) present 
variability 

2) ideal 
variability 

1) present 
level 

2) ideal 
level {set 
arbitrarily) 

present 

1) present 

2) projected 
under assumed 
stocking 
rate, etc. 

1) gov't re­
cords of pro­
duction 

2) goals of 
gov't planners 

To: probability of loss 
due to insects, dis­
ease, etc.: 
prob. of loss due to 
insects, et6~ must be 
low enough to bring 
the total prob. of 
production failure 
below the limit set 
by the planner 
(see P. 9 of text) 

1) recent his- To: 
tory of gov 't 

total probability of 
production failure: 
cushions prob. of 
production failure 

aid to production 

2) gov't goals (see Fig. 4) 

weather 
records 

To: total probability of 
production failure: 
direct relation to 
production 

1) gov't re- To: 
cords 

2) experimental 
or other data 
from gov't records 
records To: 

<•ee Fig. 4) 

max. allowable rate 
of exploitation 
(stocking rate): 
explained in Figs. 
3 & 4 

exploitation techno-
1 ogy: derived in a 
way similar to the 

stocking rate. 



COMPONENT 
NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1 ) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fig. 1) 

~ ---------------------------------------------------------------------------------------------------------~ ~ 

~ (18) Continued 
: 

(19) 

(20) 

limitation 
on mean 
production 

size of 
labor force 
engaged 1n 
production 

maximum 
mean or"-:!;•"t1on 
~~r nectare given the 
constraints on regen­
eration, variances, 
etc. 

number of persons and 
proportion of their 
time spent in produc­
ing the product 

none 
(dependant 
variable) 

To: 

New technologies, sue~ 
as high-yielding live~ 
stock breeds with re­
duced resistance to 
disease, could be ex­
pected to produce d1f~ 
ferent variabilities 
in production through 
disease rate changes 

proportion of resource 
base allott~d to pro­
duction of this pro­
duct: similar to 
stocking rate deriva­
tion; large monocul­
tures have higher pro­
bability of failure 
due to insects, etc. 

To: amount of product pro~ 
duced: amt of product 
produced • mean pro­
duction per hectare X 
amt of resource base 
allotted to this pro­
duct 

calculate To: efficiency of labor: 
probably a modal rela­
tion with a positi~e 
relation at low den­
sities of population 
and a negative rela­
tion at high densities 

from aqe strue­
ture & pop. 
size together 
with effective 
resource availa­
bility, the effi­
ciency of labor, 



\0 COMPONENT 
:NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

bO 

~ 

(20) Continued 

{ 21) efficiency 
of labor 

DEFINITION OF COMPONENT 

the production per 
person 

POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

1) present 

2) project 
from age 
structure, 
technology, 
stockinq 
rate, and 
labor force 
size 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fig. 1) 

and the demands To: 
for labor for 

limitations oft mean 
production: 

other products linked directly -mean 
production per hectare 
• stze of labor force 
X production per per­
son (note that the sizw 
of the labor force is 
limited by the availa­
bility of the resource': 

1) gov't prod. To: 
records & 
socio-econ data 

limitations on mean 
production: mean 
production per hect. 9 

size of labor force 
producing the product 
X efficiency (note thai 
the size of the force 
is limited by the re­
source availability 
and the efficiency is 
limited through the 
technology and the 
stocking rate to the 
various variance re­
strictions) 

2) projections 

To: size of labor force: 
labor force size could 
either be set to maxi­
mize efficiency, or a 
modification of this 
if a larger-than-maxi­
mally-efficient popu~a­
tion were desired for 
other reasons 
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COMPONENT 
NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONEN~ POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leadinq 
away from the component 
in Fig. 1) 

~ ---------------------------------------------------------------------------------------------------------· ~ • ~ (22) 

(23) 

(24) 

exploitation 
technology 

amount of 
gov't exten­
sion to im­
prove tech­
nology 

variance in 
prices of 
goods needed 
for produc­
tion which 
cHe bought; 
ftom outs1de 

the qualitative type 
of the technology 
(such as the breed of 
livestock) as opposed 
to the quantitative 
aspect (such as the 
stocking rate) 

the expenditure by 
the gov't (or aid­
giving agencies, etc) 
to both developed 
improved production 
technology and to 
convince local resi­
sidents to use it 

a measure of the amt 
of fluctuation in the 
prices of goods bought 

1) present 
technolo9y 

2) projected 
technology 

1) present 
extension 
effort level 

2) projected 
1 evel 

present 
variance 

1) gov't re­
cords 

2) gov't pro­
Jections 

1) gov't 
records 

2) five-year 
plans & other 
development 
schemes 

econ lit 
and gov't 
records 

To: efficiency of labor: 
usually a direct posi' 
tive relation in term~ 
of production I man­
hour, although often 
not in terms of energy 

To: probability of loss 
due to insects, dis­
ease, etc.: 
usually probability of 
loss would increase 
with increased rel1~= 
ance on exotic culti­
gens, high-yielding 
breeds, etc. 

To: exploitation techno-
1 ogy: 
positive relation, 
although not neces­
sarily linear 

To: exploitation techno­
logy: 
increased variance in 
prices of goods should 
lead to decreased ten.~ 
dency to adopt new 
technology 

To: total probability of 
production failure: 



c:oCOMPONENT 
-:tNUMBER 
Gl 
bO 

~ 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

Table 1: P. 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fig. 1) 

----------------------------------------------------------------------------------------------------------
(24) 

(25) 

(26) 

Continued 

maximum 
allowable 
rate of ex­
ploitation 
(stocking 
rate) 

variance 
a 11 owed 
in regen­
eration 
timetable 

the rate at which the 
resource can be util­
ized, such as the 
number of goats per 
hectare of land or 
per quintal of fodder 
production 

the amount of varia­
bility acceptable to 
the planner in the rate 
of regeneration 

none 
(dependent 
variable) 

a rbi tra ry goals of 
gov't planners 

increased variance of 
prices should lead to 
increased probability 
of production failure. 
The importance of pric 
fluctuations should in 
crease as the techno­
logy becomes more "ad­
vance" and more depen­
dent on outside supply 
of goods 

To: efficiency of labor: 
labor should be least 
efficient at extremely 
low and extremely high 
stocking rates, and 
most efficient at some 
intermediate rateJ 
The stocking rate is 
related to the mean 
production through the 
efficiency of labor 

To: maximum allowable rat~ 
of exploitation (stoc­
king rate): 
See Figs 3 & 6 and the 
discussion on P. 10-12 
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~ COMPONENT 
:f NUMBER 
~ 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fio. 1) 

------------------------------------------------------------------------- -----------------------------· 
(27) 

(28) 

amt of envi­
ronmental 
change 
allowed (re­
generation 
timetable) 

amt of 
resource 
base with­
drawn from 
production 

the average rate of 
environmental 
improvement deemed 
necessary by the 
planner 

the area of land tem­
porarily taken out of 
production as a part 
of the regeneration 
program 

arbitrary 

arbitrary 
(governed 
by the de­
sired regen­
eration rate) 

goals of 
g·ov' t 
planners 

regen­
eration 
experiments 
of C.A.Z.R.I. 

To: maximum stot:!di-•9 ratt: 
see Figs. 3 & 5 and 
discussion on P. 11-12 

To: amt of resource base 
withdrawn from produc­
tion for reseeding atd 
fallowing: a requirf­
ment for a speedier 
regeneration of the 
desert will require 
more land be withhelf 
from production 

To: amt of resource base 
of this quality avail­
able: over time the 
regeneration program 
will reduce the amt 

To: 

of land in the pooret 
quality classes and 
increase the amt in 
the better classes 
(the opposite would te 
t""'~. of course, if 
the "en~~~~nmental 
change" alloweti ~:~a 
tic~~neration rather 
than rc~~neration 

proportion of r·~. 
source base allotte~ 
to this product: 
proportion allotted 
to this product • one 
- th~ nr-nnnP+ofnn 
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COMPONENT 
NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1 ) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

POSSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fig. 1) 

:------------------------------------------------------------------------------------------------ _________ , 
~ 

(28) 

(29) 

(30) 

Continued 

amt of re­
source base 
allotted 
to produc­
tion of this 
product 

proportion 
of resource 
base allotted 
to this pro­
duct 

the number of hectare~ 
of land used for ~oat 
grazing, for ~xample 

the proportion ~~ 
the amt of resourc~ 
base of this quality 
available which is 
used for production 
of this product 

1) present 
amt, present 
allocation 

2) an opti­
mal alloca­
tion which 
minimizes 
the probabi­
lity of 1 oss 
to insects, 
disease, etc. 
while still 
satisfying 
minimal pro­
duction re­
quirements 

1) C.A.Z.R.I 
& other sur­
veys, gov't 
records 

2) derived 
experimentally 

1) C.A.Z.R.I. 
land surveys 

al~vtted to other 
products and uses -
the proportion with­
held as part of the 
regeneration program. 

To: size of labor force: 
the size of labor 
force engaged in pro­
duction of a product 
must depend directly 
on th~ amt of resource 
available for expioi­
tation. The labor 
force should not be 
larger than needed un­
less the decreased 
resulting efficiency 
can be balanced by 
gains in terms of 
other goals 

To: amount of product pro­
duced: 
amt produced • no. of 
hectares X mean pro­
duction per hectare. 

To: amount of resource 
base allotted to this 
product: 
amt allotted ~ amt 
available X proportion 
a 11 otted 

To: probability of loss 
:... ... - ...... 0 



COMPONENT 
NUMBER 

COMPONENT 
(shown in 
boxes in 
Fig. 1) 

DEFINITION OF COMPONENT POSSIBLE 
ASSUMPTIONS 
ABOUT 
COMPONENT 

t-'USSIBLE DATA 
SOURCES FOR 
ASSUMED VALUE 
COMPONENT 

LINKS TO OTHER COMPONENTS: 
(shown by arrows leading 
away from the component 
in Fig. 1) 

~---------------------------------------------------------------------------------------------------------~ ~ 

u :< 30) 
~ 

( 31) 

( 32) 

Continued 

amt of 
resource 
base of 
this qual­
ity avail­
able 

total 
resource 
base 

the amt of the total 
resource base which 
falls into the quality 
category being consi­
dered 

(calculations will, 
of course, be summed 
over all quality 
categories) 

the total amount of 
land of all qualities 
available 

1) present 
amt of res 
base 

2) projected 
amt after 
beginning of 
regeneration 
p~ogram 

present 

1) C.A.Z.R.I. To: 
land surveys 

2) projected 
from regeneration 
rate 

ease, etc: 
increased proportion 
allotted to one pro­
duct leads to in­
creased probability 
of loss and to an in­
creased magnitude of 
loss when it occurs 

amount of resource 
base allotted to this 
product: 
amt allotted • amt 
available X propor­
tion allotted 

land surveys To: amt of resource base 
allotted: through 
the amt of res base 
of each quality avail~ 
able 
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PN1 
!<ltl !!MPH W ta MJAmN! PIS''t' 
lEA'l'OD llEl'ERENCE 

1.) daat: duetiut of all delere. 

2.) rainfall: 120 rau/yr in 1MSt to 
400 rrm/yr with high varianee 

3 .. ) relative humidity: 931. in Auguat 
to 10%. in April & Hay 

4o) average wind velocity: 3lcm/hr 
ln :O.C o & .Jan. to 32 kaa/hr ln 
April & May 

6o) d.r point: higb during 8UIID8r 1 

8D4 .-ny cloucla 

7~) mo.t deD8ely populated desert 
in world 

So) barremau•: reglen more barren 
than rainfall would lead oae to 
predict 

9o) livestock populations: 

cattle 4o74 mill. 
sheep . : 5.66 mill. 
goats 3 .. 38 mill. 
other : OoSO millo 

ar,aoo. 1972 

lCaul & Chakravarty, 1968 

Kaul & Chakravarty, 1968 

Xaul & Chakravarty, 1968 

Itaul & Chakravarty D 1968 

Bz')'am, 1972 

lrysea, 1972 

lryaOD, 1972 

Anol1ymoua 11 1964 
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