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P. idl
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 ramifications 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 data for
the use of government piarnners in making policy decisions needed now,
and 2) experiments and data collection programs for the use of futuve
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 eve will be kept
for possible future work related to the second as well.
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I.) OBJECTIVES OF THE STUDY:
The proposed study is directad st the regensration of the largely man-made

desert in Rajasthan, Northwest India. Tke objectives of the study are two: 1)

to examine in detail the ramifications of instituting a program of regeneration of the
desert on production ofllivestock, and 2):toc make the beginnings of a synthesis of
the information necessary to estimste the carrying capacity of the area for a

human populatiom, both under present and under various assumed future conditdons.

The model proposed is particularly strong in being a stochastic one vhich makes
allowance for the prohability distributions asscciated with both productionm and
regensration.

The need for a program to regenerate the Rajasthan Desert has been recognized by
the Government of Indfa, wvhich maintains the Central Arid Zone Ressarch Institute
(C.A.Z.R.1,) in Jodhpur, Rajasthan to conduct research related to this problem.

The Govermment of India also has recognized the need to control the country's
population, hnd has set a target of cutting the 1971 growth rate of 2.5% per anmm
in half by 1978-79 (Saxena, 1971, p.il). In order for Govermment planners to set
goals such as this, they must have some idea of what the carrying capacity of the
country will be in the year for which the goal 15 set. Such a camryiag capecity
estimate must, of course, take into aceoumt the varicus other kinds of goals the
Government has set for ttself, such as eliminating poverty and providing for the
Tegensration of the Rajasthan Desert. An astisiptie of the impact of a desert regenmeration
program on the producticn of the arid zone in Rajasthan is therefore an important
sted in the task of making a carrying capecity estimate of the region of the type
needed by Governmeat planners.

It should be noted that Government planners may wish to lmake a distinction
betwean a carrying aspacity figure which corrusponds to the standard of living which
they consider the mivimaa acceptsble, and the target they set for the population
sise. They may wish to meximize the standdnd of living by reducing



the population as much as possible below the carrying capacity. In any case,
they will need to know the carrying capacity figure correspornding to their
minimal goals for the standard of livirg im order to insure that their population
policies are ccnsistent with achieving e standard at least that high.

An assesgment of the impact of a regenmerziion program reavircs g crnssging
of many of the traditienal professiomal and academic boundaries. Reid Bgyson.

a climatolegist from the University of Wisconsin who recenily made a notewoithy
contribution on the potential for reversing the man~caused trend toward drying
of the clinate in Rajasthen, hed this to say:
«ook would like to see working on this problem (control af the
dezert in Rajesther) some experts on range management and others
on the secial structure and cn land temure. I think what we need
at the internastional level ie true interdisciplinary work, rather
than to leave the science to the scientists and the social gtuff to
the social people: put them together and find a solution., Perheps
whai we really need to do i3 to restructure some of our UJ units
so that people of diverse backgrounds can spply their expertise
to common problems that require interdisciplinary and precticsel
sclution. (Bryson, 1972)

Sveh a syathesis of information from many fields iz one of my objectives.

I believe that there isz a pressing need for a vouch first approximetion of
the carrying ecapacity to be made fummediately., Policy decisioms are needed now,
end rherefore the f£irs{ approximation cf the carrying capacity must be pased on
whatever data ig available, no matter how incomplete or statistically romsignifi-
cant. Policy decisions which are being madec now, either actively sx by deiaunlt.
are implieitly making assumptions about what the cavrying copacity 3£ the reglon
iz. Such decisions could bemefit frem the syntheszis of whatever deia existc aov,
rather than forsgoing an iumadigie approzmimeticn in favoer of a wmore completes
study to be completed at a later time, A 3zecond need, which iz gseparate and
independent of the first, is to set up sxperimenis and daits collection prograss

whick will glve wore velichle estimstes of the carvying cspacivy for the uer of

future policymakers, and revision of plans fo be Initlated now,



My inteniion on this initlal rageaveh field trip is to divect my efforts towaids
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1ra, obgervations of sxpevivunis already in progrows ar

tine C.ALZ.R. ., and consunliaiion with the acientizis at the C.A.Z.B2.1, and other

cpetiutieny a0 ave worbing on problems rveleted ke this, This doss nor meon thau
sy cotnhume v to eolving thie problem emds wiih the compuialleon of cne rough first
approximat/on of the carrying capacity. Once this Initvianl gozl ia achievad, i

wocld hop . co be of help te the researchers thére in their efforis o collevt motce
data in wys thet will yield more refiped and rellshle estlmztes of the carryivg

caracity,
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components in Figure 1, not for the connections between components. A "bare
bonec" diagram of carrying capacity relationships with the most simplZfying
possiblie assumptions is given as Figure 2.

Some of the diffexent kinds of assumptions appearing in Figure 1. and others
that might eventually be added to the "bare bones" model shown in Figure 2, could
be categorized as follows:

1.) STATIC ASSUMPTIONS: This 1s the simplist formulation which is often
used in gtudlies of relatively simple systems such as slash-and-burn agricultere.
I have used this simplifying set of assumptions myself in meking a carrying
capacity estimate of a ghifting agriculture system in Costa Rica (Fearnside; 1973).
The definition of carrying capacity of William Allen (1949) uged by Street (1969)
is: "the maximmm number of peopie that a given land ares will maivtain in
porpetuity under a given system of usage without land degradation setting in."
Often "a given syatem of usage™ is incerpreted to imply (by H. C. Conklin
@957, p. 146), emong others): a.) unvarying technelogy and crop patterns,

b.) qualitatively consiant per capitae food consumption sand c¢.) quantitatively
constant per capita food congumption.

2.) DYNAMIC ASSUMPTIONS: This adde the assumptions of techrolegy and
consumpiion change.

3.) RESOURCE DISTRIBUTIGH ASSUMPTIONS: These could include minimm standard
of living assumptions vhereby everyone would be brought above the officlal
government ‘'poverty line.” Additionally "optimal distribution” coustraints
could be added to give 2 carrying capacity figure for vhatever resource distribution
the planner wished.

4.) ENVIRONMENTAL CHANGE ASSUMPTIONS: The stipulation in the traditional
definition of no land degradation can be modificd to allow either a fized rate of
degradation deemed accepteble by the planner, or, ag the Governmenz's commitment
to work towards regenerating the Rajasthean Desert weuld indicate, a modification

could be made to allexs for a set rate of regeneration.



These essumptions can, of course, be applied in various combinations., It
ig the fourth of these assumptions, the agsumption of regeneration rate, on
which I will concentrate. This will be used first with the static assumptions
regarding consumption and technology, and later, data being available, some foim
¢f dynamic agsumption could be added; followad eventually by the resource
digtribution assumption.

It has been pointed out with reference to the static assumptions that
cerrying capacity estimates based on these should be far from valueless to
the population planner (Ehrlich, 1968, among others). Since development of newer
technologies is somethirg that can be projected into the future only with great
uacertainty, it would be unwise to endorse a population policy thai chance:
the welfare of the population on the agsumption that a technology not yet in
cperation will be operating as planned at a specific time in the future. At
such time as the new techaology is actually in opsration, the carrying capecity
estimate can then be revised upward and the population easily increased to take
up the slack 1f so desired. This argument, ¢f course, holds only for the
comparigon of static models with dynamic ones which assume that projected
changes will raise the carrying capacity!

It might also be peinted out that 28 earrying cepacity estimstes go the
case of Rajasthan has at least one saving grace in terms of simplicity. Sinece
marked envirommental degradation is alresady taking place, the presemt population
is clearly over the figurc for the cartYying capacity assuming pres¢nt geals for
the standard of living and the “bare bones" assumptions regarding resource
distribution. This makes the problem o arriving at a figure for the carrying
capacity much simpler than in the reverse case where the populetion is somevhere
below the carrying capacity at the time of the study. The Pandora's box of problems
related to picking the limiting factor is much simpler, as the array of difficuliiles
in assessing the potential for space as & limiting factor can be bypassed. The

complex cultural factors of “individual distance” (Hall. 19592), the distribution



of crowding stress in space (Galle, 1972) and time (Bhrlich & Ehriich, 1971)

can for the most part be aveided. Only potential problems of settling nomadic
peoples as a part of the regeneration program could result in these kinds of
space-related stresses becoming limiting (Tuxnbull, 1972; Calhoun, 1972).

Unless other information to the contrary becomes availoble, it will be assumed
for the purposes of this study that thae limiting Ffactor wiil be one of the more
tangible problemg that are causing the present degradation of the land:
deforestation for fuel aud the food production system through grazing. Potential

production of these is fairly tightly circumscribed by the amount of water.

%, TEBACT OF INCORFORATING A TIME TABLE FOR REGEWERATION ON THE C2

CAPACITY MODEL::

1.) IMPACT ON STOCKING RATE AND PROPORTION OF LAND ALLOTTED TO PRODUCT:
With the general cbjective in mind of collecting infermation related
to the determination of a carrying capacity, effort will be focused on certain
particular linke in the chain of relations lying between the land ard the number
of persong that can be supported. The Ffirat such foczl point will te the
implications of providing for various set rates of envirommental chenge, in
other words the effect of adding a time table for regemeration of the desert on
the number of people that can be supported.
The consequgnces of adding a regeneration time table can be seen in either
Figure 1 or Figure 2. The mest immediate eonsequences are two: a certain
amount of land will have to be withdrawn from produvction each year for reseeding
and fallowing, this reduces the proportion ef the land of this quality being used
to produce the product, which reduces the total amount of the product preduces
and shence the supportable population., The second immediate effect is setting
a limit on the allowable rate of exploitation of the resource, or stocking rate.
The stocking rate 1imit must be set such that the regeneration rate is not less

than the minimum limit set, and also such that the variance gbout this mean 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 regeneratiocn 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 productfon 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
preduction would be bounded above by the environmental degradation assgociated
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 regenereiiom 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 more minor
perterbations in the weather wculd, for example, result in grazing goat
populations eating through the narrower margin of fodder production to cause a
get-baclk in the regeneratlion schedule. The varience 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 could more
eagily result in a goat population, for exsmple, ruming out of fodder during

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



in the population size of the goats. The increased crowding from fincreased
stocking rate could also increase the probability of loss due to insects,
digsease, etc. The chance for permenent damage to the environment also increases
as this margin of production decreases.

These three determinants on the maximum allowable rate of exploitation or
stocking rate are shown grephlcally in Figure 3. As is shown in the figure,
different outcomes could result from different slipes in the relationships between
these threa factors and the stockiag rate, In the first case the variance of
proeduction i3 limiting, in the second it is the mean regeneration rate, and in
the third case it is the variance in the regenecratim rate which {8 limiting.
Different outcomes could also be produced by changing the limits, showm by
horizontal dashed lines in the figure, which are set on the basis of value
judgments made by the plaznner. The way in which these limits are set once

the planner has defined his goals will be explained later,

The assumption that the relationsihips graphed in Figure 3 are linear is
one which is made only as a first approximation for ease in interpreting the
model. The effects of the myriad of possible synergisms couid be incorporated
later as a further refinement. In reading the graphs in Figure 3 one should
move from left to right (in the direction of increased stocking rate); the
first of the three variables being graphed against stocking rate (the sclid lines)
to cross its respective limit {dashed line) then becomes the limiting factor, and
the corresponding value on the abcissa becomes the maximum allowable stocking rate.
The vertical scales of the three variables are, of course, all different, but
this does not affect the outcome as each variable end {ts respective limit are
plotted using the same scale,

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

in calculating a maximum allowable stocking rate. 1 would order them as follows:



1.) a regression of the varisnce of production on the stocking rate.
2.) a regression of the mean regenmeration rate on the stocking rate.
3.) a regression of the variance in the regeneration rate on the

stocking rate.

2.) FACTORS AFFECTING THE PROBABILITY OF PRODUCTION FAILURE AWD ITS
FEEDBACK ON STOCKING RATE:

The limit on the total probability of production failure (a measure
of the variance in production) is set by the planmer. To this amount of
permissible variability in total production can be added an additional amount
of variability made possible by the amount filxed by the planner of permissible
peak and cumulative amocunte of government oid to production during famines., The
resulting total amount of allowable variability in the local production machinery
mugt then be apportioned among the various facors contributing to preduction
failures. These include such factors as the variance in prices of goods needed
for production which are bought from outside and vhe predictability of rainfall.
To the extent that these two factors ave not under the control of the planner,
the feedback from the limitation on variance of prodiction must be directed through
the other element shown in Figure 1l: the probability .f loss due to insects,
disease, etc,

The way in which this amount of allowable variance i: apportioned among the
three contributors to the probability of ioss due to insecis over which the
planner has control: the stocking rate, the technology (suc: as new breeds of
goats, etc.), and the proportion of the avaflable land budgetcd for production
of this produet. 18 each of these variables increases one woulil expect both an
increase in the productien (the "value" in economics terminclogy) and an increase
in the probability of a loss due to an ocutbreak of insects, diseas:, ete. (the
"costs" in ecouomits terminology). These two can be scaled together in some
fashion, and the combination of stocking rate, technology, and proporiion of

lend can be found vhich maximizes the difference between the value and the costs
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subject to the constraiat that the total probability of failure not exceed the
limitation fixed by the planner (Koopmpm, 1931; Karlim, 1959).

Under the '"bare bones' model with the simplifications shown in Figure 2 (page 34)
this becomes greatly simplified as only the stocking rate is considered. The
particulat values for the prcbability of insect or digease loes that are associated
with thowe values for techmology and the proportion of aveklable land gllctted which
were fixesd as a part of the simplifying procedure are subtracted from the limét om the
totsl probability of loss due to insects and disease. TBis gives a new limit, which
corresponds to the "limit on the variance of production” showm graphically in
Figure 3 (page 35). The various subtraction steps used in deriving this limit fin the
"bare bones" wodel ave shown disgrammtically im Figure 4 (Page 36).

3.) FACTORS AFFECTING THE MEAN AND VARIANCE OF REGENERATIOR RATE AND ITS
FEEDBACK ON THE STOCKING RATE:

The generation of any one eof these regression aquations will, of course,

@m the moasurement of a multitude of variables. Stocking rate is not the only
variable affecting the resultant meand ar varignce in the regeneration rate or the
variance in production. Other variablee, the affects of which night have to be corrected
for iz the model to ummask the relation of the stocking rate on the mser and variance
of the regensration, might include:

1.) rvaiufall, both the total and the amount fslling during certaim critical
times of the year.

2.) the treatment given the land, such as contour furrowiag or reseedicg. Pehaps
this could be measured in terms of cost, corrected for the expected bamefit (Jodha, 1968),
or scaled in some other fashicn.

3.) The graszing schedule is also faportant (Naveh, 1968). The time of year that
grazing occurs can amke a great differemce im the vesulting damage to the



plants for a given amount of forage eaten. Penning of livesteck and feeding them
on stored fodder during the most eritical times of year can substantially raise
the carrying capacity for livestock. Rotatfcnal grazing is another aslteration

on the grazing schedule that can raise the carrying capacity (Fearnside, 1973b),
and it has been recommended for certain places in Western Rajagsthan (Gupta &
Saxena, 1966). Some csort of scaling of the grazing schedule with reference to
the resultant damage to the plant is therefore necded.

4,) man hours put into tending and managing the herd might be an easily
necasureable variable that would reflect on subsequent regemeration.

5.) The effects of plant diseases and insect pests, both in terms of the
amount of plant matter eaten or destroyed and the timing or importance to the
plant would affect regeneratiom.

In addition to these, much more data would be avallable 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 consumed, 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 eaten, ete.

2.) Different range quality classes might be corrected for based on the
predicted yield of edible fodder. This could include ranges on diiferent soil types,
etc,

3.) Different range plant species communitiec might be comparable if
correction is made on the basis of the amsunt of fodder production, but other
corrections might also be necessary.

Once avallable data has been ¢ollected 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 get on the maximum permissible decrease in the mesn

and increase in the variance of the regeneration vste due to inereased stocking
rate. This 18 doms In a mazmner simlilar to that done with the probability of a
production failure. The factors contributing to the mean and varilance in the
regeneration rate are showm diagramatically in Figures 5 and 6 respectively,
together with a representation of the subtraction procedurs used to derive the
limits on these factors used in Figure 3. Here again there are more than one
contributing factor over waich man has some conixrol: the manhours puft into
tending, the cest of the treatment (or a cerrection of this for predicted benefit),
the grazing schedule, and all the other characteristics of the utilization pattern
lumpesd under the heading Yexploitation tecbnology®™ in Figures 1 and 2. In
additisn to these factors which are direcily under the control of mer, the
contribution from insects sad discase not explained by the stocking rate is

also partially under man's control through the proportion of available land
allotted to any one product, large monocultures being more susceptible to
ingect~caused disasters than diversified land use patterns (Janzen, 1970).

An optimizétion procedure can agaiﬁnbe used here to maximize gains and
minimize losses., The coests in terms of added variance in the regemeration
timetable or decreased menn regeneration rate must be quantified on the same
scale as both the other costs associated with each of these factors and the
benefits to be had from them ian the way of added production, Additionally, two
of these factors: the time sperd in tending and the ¢nst of the tieatment
probably serve to reduce the variance in the vegeneration rate and shorten the
timetable. These therefore serve to raise the limit on the variaoce in
regeneration rate due to the stocking rate, and likewise tec permif & higher
stocking rate before crossing the bound on mean regeneration rate as well., 1In the
"bare bones"” model the contributions from all of these variables iz considered

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



C.) OTHER VARIABLES:

As can be seen from the diagram in Pigure 1, there are many other links
in the model which I have not described here. These links will not be considered
in this first "bare bones" approxzimation, gnd will be left for further refinements
of the carrying capacity estimate. Although the varisbles related to each of
these will not be described here, their inclusion in the diagram in Figure 1 will
help focus attention on these for future perfecticng of the estimate, My
commitment to work on carrying capacity problems for Rajasthan does not end with
the “bare bones" model, and I hope to incorporate some of thege additiomal
variables after achievement of the first priority goal of a rouwgh first

approximation of the carrying capacity as ocutliined in this proposal,

I7X.) BENEFITS TO THE SMITHSONTIAN FROM SPONSORING THIS RESEARCH:

1.) PROBLEM OF MAJOR IMPORTANCE:

The problem of estimating the carrying capacity so that Iandiac policy~
meakers 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 nct and with the
publication of the results, but has the poteatial of application which will be

of immediate benefit to large numbers of people.

2.) PROBLEM REQUIRES IMMEDIATE ATTENTION:

The desert in Rajasthan continues to spread, thus lowerinz the area's

carrying capacity. The population growth in the cr2a also continues to widen the
gap between the present population and one consistent with the ablility of the land
to support a human population. Both of these considerations mean that it will

be far more costly to regenerate the desart at a later time than it would be now.
Research in this vital area should therefore be funded ncw, rather than being

postponed to a later time,



3.) GENUINE INTEREST OF INDIAN GOVERNMENT IN PROBLEM:

The genuine interest of the Government of India is evinced by the
founding and ' continued support of the Central Arid Zone Research Imstitute in
Jodhpur. The Five Year Plans clearly Indficate the intent of the Govermment to
bring the population of the country im 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 “kingpin of the Plan” (Rain:, 1969, quoted in Saxena, 1971,

P. 11). The history of governmental awareness 3f the importance of carrying
capacity has been a continuing theme since the 1!%46 report of the Health Survey
and Development Committee, which states: "the quection of the need of cautious
adjustment between the population and the resource: that are avallable cannot be
ignored and should receive serious consideration." (Bhore, 1946, p. 477, quoted

in Saxena, 1971, p. 8).

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

The results of my study would be & part of a iarger continuing effort on
the part of the C.,A.Z.R.I, and the Indian Govermment. %he existence of this
program means that forthcoming results would bave a greaicr chance of being
pursued further by researchers there, and would also have ¢ greater chance of being
taken into account by the Indian Governmeant officials who rust formulate and

implement policy.

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

The large number of excellent studies done by the resuarchers at the
Central Arid Zone Research Institute on specific components in *he carrying
capacity model will make the pay-off from applying the model far greater than

had this pioneering background work not been done.
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6.) MINIMAL DUPLICATION OF OTHER RESEARCH:

Although such information on the specific components of the carrying capacity
model has alvaady been collected, the prcblems related to fitting this information
into a genmeral carrying capacity model constitute sp area wvhich has great need
of sdditional research effo=z. This has two important implicatioms: 1.) the
ample room for more researchers in this particular piece of the ressarch niche-space
means that my work would im no way compete with or duplicate the efforts of other
researchers om the scems, on the contrary, sy work is desigmed to complement the
efforts of the ol':hor ecientists; and 2.) the Swithsonisn could axpect to reap
a high return from support put imto this new avea of research as the law of
diminishing returas has not yat begum to assert itself. In short, the state of
research 13 such that the Smithsonian is 1in a position to have the best of both
worlds, encugh backgronsnd work having been done te add to the valus #5 the results,
yat not so much t¢at further research expenditures redult in duplication of effort
amd veduced reiuin oa the vessarch igvestment.

7.) POSSIBIR BENEFIT TO U.S, & INTERRATIONAL AID-GIVING AGENCIES:

Programs {nitiated by the Indian Govermment to regemsrate the Rajasthar Desert
may well be a good focal point for aid from othsr countriss. Epuipment may be
needed for such a program for computerisisg, scnitoring, etc., as wall as advice
on solving specific technical problems as they arfse. The administratars in such
internationsl agencics, as well as the Iedisn administrator who decides what kinds
of aid are needed, wonld sursly find the results of rascardh such as this useful,

8.) METHODS DEVELOPED WILL EE APPLICABIE TO OTHER AREAS OI' THE WORLD:
Problems similar to those in Rajasthan exist i{n many areas of the world,

including the United States of America. Carrying capacity estimates are needed



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

ease the way to solving the problems {a these areas as well.

IV.) PLAN OF WORK

A,) METHODOLOGY:

The first order of business will be doing scme 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 cf Michigan, I will
pay particular attention to collating all data presently available on axcleosure
reseeding and stocking rate experiments. This information needed for predictiom
of the time table for regeneration program, iacluding information about the
variance to be expected in regeneration rates under differeant possible programs,
will surely be scatterad enough to require some concerted searching, At the
seme time I will try to interview a wide variety of workers in an 2ffort to
educate myself to the insights they have gained in their own specialities and to
get guidance in finding all of the information that exists on the critical
veriables in the carrying capacity model, The most important sources of
information will probably be the researchers of the C.A.Z.R.I. In addition to
these workers I would appreach as many of the Govermment officials as possible
including Rajasthan Animal Hugbandry persomnel at gll 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 aax American
Peace Corps Volunteer in the Rajasthan Animal Husbandry Department (Fisheries
Division). I would also try to approach both State sand Central Govermment servants
concerned with planning. I would algo speak with acadecmicians in 3 wide range

of fields at such institutions as the University of Jodhpur and the Unlversity



of Rajasthan in Jaipur. I would try to synthesize the informstion gathered

according to the framework of my carrylag capacity model, starting with the

links involving the amocunt of environmental change.

B.) SCHEDULE 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 a 4“'9

Sept. 9

Arzive, Hew Delbhi

Trevel to Jodhpur vie Jaipur

C.A,Z,R. Y. for ugse 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-
level workers, observe C.A.Z.R. 1.
study areas and interview fileld
researchers,

C.A.Z.R.1I., Jodhpur
continue interviews and reading
(may wiszh to coatinue field
observations or proceed to
Jaipur first, however)

Jaipur for Interviews with state-
level officiels, use of State
Government records, snd
iaterviews at the University of
Rajasthan,

Delhi for interviews with Central
Governmeat officials, use of
Central Covernm:nt recovds,
possible information from
internaztional ald agencies, etc.

Depari for U.S.A.

Note: 1) this proposal represents only a preliminary study ard may be followed with
additional propogals for more detailed studies.

Note: 2) this schedule is very approximate, and of course would have to remain
flexible to allow extended stays where informaticn is mosi: available and

abbreviated stays where 1t i{s not.



V.) THE STATE OF KNOWLEDGE:

A.) THE MAGNITUDE OF THE PROBLEM:

The desert in Rajasthan covers an erea of about 214,039 sq. km., or

60% of the total area of the State (Jodha, 1968)., Some of the outstanding
features of the desert are listed in Table 2. 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). The
plune of dust extends all the way from Arabia to Cambodia (Brysomn, 1972).
Climatologists have only recently come to the conclusion that this dustiness
is the reason for the area’s aridity (Bryson & Baerris, 1967; Wendland & Bryson,
1970; Bryson, 1972), The dust in the atmosphere explains earlier observations of
a discrepancy between the rate of diabatic cooling calculated without provisilon
for dust and the rate of cooling neczssary to maintaiun the sinking of the air,
It 18 the sinking of the air which rasults in the stable, desertic conditions,
Measurements by Bryson gt al. (1964) and Mani et al. (1965) confirm the relation
of dustiness to the unusual cooloing rate which accounted for the sinking air.

There is a wealith of evidence that the area which is now desert in Rajasthan
once support a high culture and had a lush forest characteristic of areas with
much higher rainfall. This includes evidence from sculptures fin the Mathura
region circa 500 B.C. to 640 A.D., references in the writings of Herodotus of
400-500 B.C. vintage, and references in the Ramayana and Mahabarata which were
composed between 200 and 500 B.C. (Randhawa, 1945). The vegetation was lush
at the time of Alexander the Great (Puri, 1960 V.I p. 261). There is 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 sbout 1000 A.D., but the drying trend has been more

pronounced in rec ent 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 canmot
remain establiched under intense grazing pressure from sheep and goats, I have
observed personally innumerable examples of this during my owa two-year stay in
Rajasthan., More and more land 1s being pressed into cultivation, much of it
marginal in the extreme. The switeh from herding to cultivation is a couxnoxi
consequence of population pressures (Boserup, 1965), and when done on marginsl
land often results in deserts (Sears, 1933).

The area of the arid zone in Rajasthan used solely for grazing decreased
from 13.09 million hectares in 1951 to 11.04 million hectares in 1961, a decrease
of 15,67 (Jodha, 1966). At the same time the population of grazivg snimals
increased by 53.2% from 9.4 milliom in 1951 to 14.4 million in 1961 (Jodha, 1968).
The estimeted average annual production of forage on these grasslands is less than
300 kgs/hect, while grazing stress is eatimated av about 8 cattle equivalents/hect.
(based on ratios of 1:6 for the effect of cattle: cheep or goats and 1:1 for
cattle: other kinds of livestock,; and on the cattle census reported in Anonymous
(1964) (Raul & Chakravarty, 1568). This ie of a diff»rent order of magnitude
than the "grazing capacity” for adult cows on a year-long basis of 12.2, 8.0,
4.9, and 3.6 hectares/cow for ‘'poor,' 'fair,' 'good,' aid 'excellent' range
condition classes respectively in an area with 319 mm of ennual rainfall (Ahuja,
1961, quoted in Ahuja, Bhimaya & Samraj, 1968). Other repnrted grazing capacities
include 2.5 sheep/hect on porr rangeland at Pali (Dabadghan, 1959b), from
6,93 to 7.60 shoep/hectare on sown pasture at Pali, depending on che species of
grass (RKaul & Chakravarty, 1968), 6 hect/cow on rocky rargeland at Kailana
(Jodhpur) (Kaul & Chekravarty, 1968), and 2.47 sheep/hect. on nuntural pasture at
Pali when grazed only 324 days/yr (Das gt al., 1963).

The desert is apparently advancing into suriounding arable land, but the

reported rates of advence vary among among authorsg. Talbot (1957), followsd by



Bryson & Baerris (1967) ard Ehrlich & Bhriliczh (1970, p. 166) reports ocna-half
mile per year., Ehrlich gives a rate of enlargement in area of 6,000 sq. miles
per year, while Talbot gives a valuve of 700 sq, miles/year., Puri (1960, p. 259),
referring to Hova (1952). states that “the Plarming Commission's estimate of

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

lack of datsa.

Whatever the rate of advance of the desert; it is agreed by many that
the trend can be reversed through proper management and reduced populaticn
pressure. A research program related to reclemation and control of the desert
in Rajasthan was begur by the C.A.Z,R.X. ir 1958, The C.A.Z.R.X. aow maintaing
52 rezearch areas varying in area from 60 to 80 hectares ia tenm districts of the
desert region (Bhimaya ef al., 1966). Exclosure experiments, such as the
€.A.Z.,R.I, progran involving 22 range management areas f{enced for 6-7 years.
chow regeneration when grazisg animals ave exzciluded (Kaul & Chakyvavarty, 1968).
There are several scattered exclosure experiments in cother parts of Indiz
confirming this, such ag Burns and Chakradev, 1921),

The prospects for pasture development are brighi, and such developments
can repay the money invested through added production. Jodha's (1968) study
found a cost:benefit ratio of from 1:3.47 for resseding alome to 1:5 for
treatment with contour furrowing. A similar study in West Pakistan (French,
1968) found cost:bemefit to be 1:3 with reseeding.

A purdber of workers have made lists of recomrendations for improvements.
such a3 thoge of Raheja (1964b) and Cupta and Saxena (1966).

A good deal of background informatlon has Deen accumslated, which will be
helpful in designing range improvement studies., These have been 1listed in the
bibliography, vhere a plus sign (+) after the reference indicates ite svailability

at the University of Michigsn, and minus sign (~) indicates its absence.



Background informetion on the origing of the Rajasthan desert imcluds:
Krishnan (1952a & b); De Terzma & métchinson (1936-37); Sajnani (1964); Sen (1962);
Ahmer (1969}; Chhiffer (1949); and Wadia (1937, 1954).

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

Bhatia (1957); Gov't. of India (1960); Krishnan (1963, 1968}; Krishnan &

Rakhecha (1965); Krishnen & Shankarnmarayan (1964); Krishnan & Tyanvi (1963} ;

Labrowe (1965); Meher-Bomji (1965, 1967, 1968); Pramanik et al. (1952);: Rao {1958);
Sawyer (1947): Subrahmenyam (1958, 1964); Subrahmanyam & Murty (1968}; and Govindaswamy
(1953},

iiterature on grounduater resources of the ares includes: Cupta & Abichandani
(1968); Pandey et al, (1964); Saksena gt gl. (1966); Shzokarnarayanz et al. (1965);
Sharma ¢t al. {1953); Taylor et al.(1955); Auden (1950 & 1952); Chatterji (1963,
1965); Chatierji & Bupta (1969); Chatterji & Hondal (1964); Chatterji et gi. (1965);
Chandhuri et al. (1965); and Dhruvanarayaana (1965).

Ceneral infermatior on the geography of the ares is reported ino Sgn (1964);
Pithawalla (1952); and Singh (1952).

Plant distribution work incluodes: Bajpal & Verms (1964); Bakshi (1952);
Bhandari (1961~1962, 1964, 1967); Bhimaya & Abhuja (1968); Biswas & Rao (1953);
Blatter & Hallberg (1920); Bhandari (1963); Croizar (1968); Jain & Kotwal (1961);
Joshi (1957, 1958a); Jozhi & Sharma (1964); Xanodia & Ras (1965); Fing (1879);
Legris & Meher-Homji (1968); Mathur (1960); Meher-Homji (1962); Mulay & Ratnam
(1950); Nair (1956, 1957, 1961); Nair & Joshi (31955); Nair & Kamodia (1959);
Nair et sl. (1961); Mair & Malhotra (1961); Nalw & Thomas {1962); I’rakssh & Handa
Ratnam (1951); Sankhala (1951); Saxrup (1951, 1957, 1958a,b,c); Sharkarnarayan
& Satyanarayan (1963); sod Sharma (1962).

Pilant ecology literature incliudes: Bharucha (1952); Boyko (1968); Chaudhuri

(1957); Dabadgheo {1958, 1960a,b); Guptea & Abachandani (1968); Joshi (1956, 1958);
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Joshi & Bansal (1968); Joshi & Vargese (1967); Joshi et 1. (1967); Nanda (1967);
Pari (1952, 1960b); Raheja (1965); Ratnam & Joshi (1952); Sabais (1919-1921):
Sarup & Vyas (1957, 1958); Satyanarayan (1957, 1958, 1963); Shankarnarayan
et al. (1965); Sharma (1963); Sarup (1952); Vyas (1955, 1963); and Vyas & Gupta
(1962, 1965).

Some of the literature related specifically to plant production includes:
Bhimaya (1967a); Kumar (1971); and Kursr & Joshi (1972).

Information on small mammal pests includes: Prakash (1959, 1962a. 1967):
Prakssh & Kuwbharni (1962); and Pralish gt al. (1965).

Insect pest and plane disease iiterature for the aree includes: Alam (1952);
Cotes (1891); Joshi (1967): Roonwzi & Bese (1964); Srivastava & Pande (1966):
and Srivastava & Pandey (1967).

An important body of literzture on the clagsification of lend quality
includes: Abachandani & Ghos: (1964); Ehimaya & Ahuja (1967a. 1969}; Bhimaya
gt al. (1965); Gupta & Saxes. (1966); NHanda (1969); Prakssh & Ahuja (1964); and
Raheja (1966) .

land use information & alsc essentisl, and ean be found in such sources as
Anonymous (1960); Bharadw:j (1961); Bhimeya & Eaul (1968); Gov't. of Rajasthan
(1961); Kaul & Mighra (i:61}; and Sem and Abraham (1966).

Grazing studies zi: vital to carrying cepacity esiiwations, ard imclude:
Abuja (1962, 1963); itija et sl. (1958); Bamerji (1948); Chakravarty & Das
(1964); Chakravarty ¢: 8i. (1970); Dabadghao (195%b); Debadghac & Marwaha (1970):
Das et al. (1965); 'as et al. (1963); and Rumar & Joshi (1972).

Livastock man gemsmt and production studies include: Ahuja (1964, 1965, 1966a,
1969); Ahuja et ¢.. (1968); Ahuja et al. (1965); Ahuja et al. (1964); Bhimaya
(1967b); Gov't. >f Rajasthan (1956}); Harayan (196G, 1962, 1964); Patel (1961);

and Sapre (1967 .



Pasture development studies imclude: Ahuja (1961); Bhimaya & Ahuja (1967b);
Bhimaya et al. (1966); Chakravarty (1968b,c>; Dabadghao, Marwaha & Das (1961);
Kaul & Chakravarty (1968); Misra & Das (1963); Raheja (1962b, 1964b, 1966b);
Ramamoorty (1964%); end Dabadghao (1961b).

Studies on reseeding technology include Chakravarty (1968b); Dabadghao (1959a);
Chakravarty et al. (1966); Charkavarty & Verma (1968a); Chakravarty & Bhati (1969);
French (1968); Dabadghao gt al. (1965); Jodha (1968); Kaul & Chakravarty (1968};
Ahuja & Bhimaya (1966); Verma & Chakravarty (1969).

Germination studies on grass seeds include: Ahuja & Bhimaya (1967);
Chakravarty (1965); Chakravarty & Verma (1968a); Chatterji & Mukherjee (1269);
Lahiri & Rarbanda (1963); end Sharma (1965).

Studies in root structure and ecology, an important factor in choosing plants
for erosion contrcl, include Bhaskaran & Chakrawvarty (1965); Bhimaya & Kaul (1965);
Chekravarty & Kackar (1966); Dabadghao gt al. (1963); and Raul (1965b),

Other studies related to dume stabilization and erosion control include:
Bhimaya & Kaul (1960); Bhimaya gt al. (1961); Mishra & Ram Prasad (1966); Misra
(1963); Prakash & Pathak (1957); Quadri (1960); Rac (1951); and Sing and Sankhle
(19605 .

Afforestation and farm forestry studies include: Bhimaya & Kaul (1960);
Bhimaya et al. (1964, 1965); Bhimaya et al. (1960); Kaul & Ganguli (1964); Khan
(1960); Lamba (1960); Pathak (1956); Raheja (1963); Kaul (1965a,c¢); Kaul & Chand
(1966); and Kaul & Ganguli (1963).

Forage analysis and production studies include: Ahuja (1966b,c); Dabadghao
(1961a); Das gt al.(1964); Garnguli et al. (1964); Cupta & Saxens (1966); Mondal &
Gupta (1966); and Sen end Ray (1964).

Research method studies include such efforts as Jain (1967) and Jain & Bohra
(1966) on plot size and Raheja (1964a, 1967) on air photo use in surveys. Work
has also been underteken en varicus technological solutions te desert problems,

such as Lahiri‘s (1966) work on antitranspirants.



A nmumber of review pgpers a&nd general commentaries have alzo been compiled
cn research and developmant work. These include Raheja (1962z2,¢); Raheja & Sen
(1964); and C.A.2.R.I. (1966),

Resource surveys include Satyanarayana (1963); Shankasrnarayan eg al.
(1965); Shankarnarayan & Satyanarayan (1963); Sympoeium of Hatural Resources of
Rajesthan (1969); and Vestappan et al. (1969).

Socic-economic suzrvey work imcludes: Anonymous (1957); Bharara & Bose
(196%4); Bharar & Sen (1970); Bose (1963, 1963); Bose & Bharara (1965); Bose &
Malhotra (1963, 1964); Bose et al. (1963, 1964); Bosc et 21. (1966); Carstairs
(1952); Jodha (1966, 1567); Malhotra (1964); Malhotra gt al. (1965); Malkotra ct al.
(1966a,b, 1967); Malhotra & Bose (1963); Nat. Council Applied Econ. Bes. (1962);
and Sachchidanaada (1964).

Seil literature includes: Abichandani (1964, 1965); Bharucha (1960); Ghose
(1965); Gupta gt al. (1969); Cupta (1952); Kolarkar and Abichandani (1967);
Kolokar & Singh (1970); Rrishna (1966); Kvishnan gt sl. (1966); Krishna & Gupta
(1952); Misra & Bhatt (1960); Mondal (1967); Mutakar & Raychaudhury (1959):
Quershi & Yadav (1964); Raychaudhury (19f4); Roy et al. (1969); Sarin (1952);
Satyanarayana (1958); Saxema & Basu (1%/4); Setha & Metha (1963, 1963); and
Tamhane et al. (1960).

There also exists a fair amount sf literature on the mechanisms of social
change in viliages, Sen (1969), for zzample, on mass comrunication in a desert
village. The most imporiant litersture on social change are probably those
related to populetion pressure., sich as Coale & Zoover (1958) and Boseru» {1963)
to name two excellent gemeral o:ms for India as a wvhole, Another imperiant
area is that relating the entit¢a reglon to the vest of India, such as RHeora (1952)

cn the value of the desart reglon to the naticnal ecoromy,
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Vi.) BL%&H{Y OF PRINCIPAL INVESTIGATOR:
A.) BIRTH: May 25, 1947 Berkeiey, California
B.) PHYSICAL: Height: 6 ft. 4 in. (2 meters)
Weight: 170 1lbs. (77.5 kgs.)
Health: Excellent
Physical disabilities: None
C.) EDUCATION:
1.) Public schoecls in California & Mass.chugsetis (1952~1965):
Honors: First Place, (Physic:i), Wellesley 5r. High
School Science Fai-,
{ Firgt Place, (Physiu:), Greater Boston
Regional Science !iar,
Wellesley Sr. High fchool Physies Prize
2.) COLORADO COLLEGE (1965-1969):
Ford Independent Sgudy Progrim Scholar (1965-1969)
B.A. (Biology), 1969

Henors: Phi Beta Kappa
Magna Cum Laude

3.) UNIVERSITY OF MICHIGAE (Jan, 1772 « presci\i}:

Degree program: leading (o Ph.D. im Zivlegy

Field of Conceniration: colegy

Teaching fellow pogiticnr: see "ewmploymiv: history™
4.) OBGANIZATION FOR TROPICAL STUDIES (July « Aug. \172):

This is an N.S.¥.-funded program run by 27 U.S. wnd Latin
American urniversities. Resecarch projects and field pilems are
carried out in varied Costa Rican heabitats, including te
Guanacaste Province. My major effort under the program nvolved
determining carrying capacities for humsn populations (Fe rnside,
1973a).



D.) EMPLOYMENT HISTORY:

1.) SUMMER EMPLOYMENT:

A.) camp counselor: Pine Island camp, Belgrade Leakes,
Maine., Summers of 1965 and 1966,

B.) Ranger Naturalist: Natioral Park Service, Glacer
National Park, West Glacier, Montana. Summer 1968,

2.) TEACHING FELLOW POSITIONS:

Half-time positions leading discussion sections and/or
laboratory sections for University of Michigan Zoology
Department courses:
a.) Introductory Biology for Natural Science Majors
(Bot-Zoo 106). Under Drs. Gellarius, Shappirio,
Helling & Martin, Winter term 1972,

b.) General Ecology (Bot~Zoo 351). Under Dxs. F. C.
Evans & W. S. Benninghoff, Fall 1972,

¢.) Habitats & Organisms (Zoo 454)., Under Dz. D. H.
Janzen, Winter, 1973.

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

1.) ASSIGNMENT: As an American Peace Corps Volunteer I served two
years as a reserveir management advisor to the Fisherie Department of
Rajasthan State, Northwest India, Before embarking for India, I uner-
wvent a thirteen-weeck Peace Corpsz training program vhich included
approximately five hundred hours of training in Fisheries. Our
co~workers in India were Government Officers who had undergone two
years of special training in fisheries in Bowbay., Our rolaes therefore
differed considerably from the vaual stereotype of a Peace Corps
"generalist."

2.) LIFE-STYLE: My life in India was split between my station on
an isolated reservoir miles from the world of clectric light bulbs and
Plumbing -~ where I lived for monihs &t a stretch without hearing a word

of English ~~ and the maze of government offices through which I guided

my proposals.
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3.) WORK: I worked as a virtually unsupervised "idea man",
starting an applied research program on the fidh populaticns in a four-
square mile reservoir, and writing proposals for changes in management
practices. Eighteen papers and notes containing my proposals were
published in mimeograph form by the American Peace Corps Oifice in New
Delhi; these will shortly be printed, along with the work of other
voluntecrg, as & Handbook on North Indign Reservoir Management,

4.) SUCCESSES: Several of my ideas on Rajasthen fisheries had
been accepted by the Department at the time of my departure in September,
1971. The wost imp rtant of these included:

a.) common carp pilot study: The exotic species Cyprinus
carplo was being introduced on a large scale into reservoirs in Northerm
India despite some indicatione that it might compete with nore desirable
species of native carps. The fisheries directors in two states,
Rajasthan and Madhya Pradesh, had agreed at the time of my departure
to halt the stocking of common carp im large reservoirs and restrice
stocking to small tanks in which tke Indisn species did not naturally
breed, ponding the outcomse of a pilot study which I designed,

b.) bage rete system: Thils systen would change the way in
vhich royalties were collected from fisheries contractors in such a way
as to eliminate the contractor's economic incentive for taking only a
few of the more valusble species and leaving the rest. Such
selective fishing, if allowed to continue, would eventually have caused
the reservoir to become overrun with trash fish. A marked declirne in the
mogt valuable species was slready taking place. At the time of my
deparxture this proposal had passed through the entire heirarchy of the

Fisheries Divigion and Anims]l Husbandry Department, and had been
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forwvarded by the Deputy Secretary to the Minister of Agriculture. If
he approved it as planned, 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.) SPECIAL QUALIFICATIONS:

1.) FLUENT HINDI:

1 spesk simple conversational Hindi well enought to converse
without feceling resiricted by the langusge. Languages come eagily te me:
after the first few months of my Peace Corps work I spoke only Hindi when
speaking with North Indians, including my dealings with Government
Officers who had large English vocabularies. This is a rarity among
Peace Corps Volunteere in Indisa,

2,) BROAD EDUCATIONAL BACKGROUND:

My undergraduate career in a3 speclal henors Independent Siudy
Program sponsored by the Ford Poundation lead to much more work in the
socirl sciences than characterizes most biology majors. A tour as
President of the Colorado College Internationzl Relstioms club, plus
leading “anthropology workcamps" to the Cherokee Indians of Oklahoma and
the Tarashumsaras of Mexico added to this broadening. This is not to say
that I have not also prepared myself well in my specialt‘yﬂ 2f ecology.

3.) CROSS-CULTURAL SKILL:

1 ha§e developed a certain skill in working with people of
other cultures through a long history of work with such diverse peoples
ag American Indiang, Slash-and-burn agriculturists in Costa Rican
rainforest, and my Peace Corps work which involved dealing with persons
ranging from the lowest of laborers to powerfel Govermment officials.

I have also traveled in over 40 couniries in North, Central and South

America, East, Central, West and North Africa, Europe, and South Asia.



I regard my cross-cultural skill as one of @y most imporitant

qualifications for carrying ocut the work ocutlived in this proposal.
G.) BIBLIOGRAPHY OF THE PRINCIPAL INVES? LGATUR:

Fearnside, Philip M., 1970a. report om work done at Bundh Baret| ..

(mimeo) American Poace Corps, Kew Beiii.

- o Plag for a roteaoms cove
Bundh Ba , {nigeo) American Peace Corps, New Delhi,

1570e, Reasons for abandoning the Bundh Baretha

Figh Farm, (. ..ma £morican Peace Corps, New Delhi,

» 1971b, Frocedure ar: ..eml . collection o1
gample netting date at Bundh Baretha. Amgrican Peac:
Corps, Rew Delhi.

. L9n.c., A mecnod fox ~stime

Amrican }Peace Corps , NewDelhi

s 9717 i

Arrangements to yocoovi G jasthan reservdii';
(mimeo) American “uc: ;,, 28, New Delhi,

T, i X . 23]
New Delhi, Cﬂnglish end Hindi)

y 1971€, WWM
royalties for cmmgl fishing at Bundh ]
Amcrican Paace Corps, liow Delhd,

» 19713, g'zeﬁ
answered, (mimec) Amcyicen I

'&ltatmr (Raiast.han} (mimeo) Ametican Pence Corps,, M Deilii.

mssrianamd 137130 mgdm&m;“fo boat to be purchasgd

m;;% Fisheri , (mimeo) American Pesce Corps.
New Delhi.
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» 1971m. Disadvantaces of a long-term comtra: -

for h Beretha, (mimeo) American Peace Corps, New Delhi,
) 1971!1.; ?«H‘,”"‘ My 18h S&G Fn 7
“Baryans), (mimeo) American Peace Cotpa, New Delhi,

R s 1971c. Comments ov Saidpur Fish Seed & '-:x
(Heryana), (mimeo) American Peace Corps, New Delhi.

» 1973a. an estimste of the carrying cap&.:.ty of
the Osa l’enninsula for huzcn populaticas suppoiied on a saifting
agriculture technologya (1n press) Mrt of Research Activ; =
z d , mmer of 1972, Organization for Trop:: .
Studies, San Jou” Cocta Rica.,

» 1973b, observacions on farming and renching
techniques employed ar Finca ia Facifica, Guanacaste, (in Pre: )

Report of Rocegarch Activities Undertaken During the Summer of
1572, Organization for Tropical Studies, San Jose, Costa Rica.

Reprints of any of the Americar Peace Corps writings can bz supplied
on request.



1.) International Travel:

Detroit - Washington, D.C.
«= New Dalhi ~- Detroit

2.) Internaticnal transport of things:
10 kgs. @ U.S. § equiv. 11.09/Kg.

UDSD

(personal effects, including typewriter) U.S. $ equiv,

total to Int'l. carriers

$ equiv, 1366.00

110,90

U.S. § equiv,

1476.90

1Ly living allowance:

lu) km; 6 days @ UoSn $ equivo 21
U.S. Gov't. per diem rate.
(Sept. 4 = 9)

b.} Outside Delhi: 57 days @ U.S.
8 equiv. 16 U.8. Gov't per
diem rate
(July 8 ~ Sept. 3)

Z,) travel in India:
a.) Indian Airlines
Jaipur = Jodhpur
Jodhpur - Jaipur
Jajpur - Delhi
b.}) Indian railways and busses:

1000 km @ U.5, $ equiv,
0.03/km

total directly te
grantee representative

C.) BUDGET TOTAL:
i.} exchange rate:
U.S. $1.00 = Rs, 7.60

2.) Total budget:

U.S. $§ equiv. 126.00
U.8 § equiv. 912.00G
U.S. § equiv. 12.50
U.S. $ equiv, 12,50
U.S. § equiv, 11,20
U.S. $§ equiv, 30.00
U.S, § equiv. 1174,20
U.S. § equiv. 2531.10
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It should be noted that no payments are requested in U.S. dollars, and
all payments are requested in Indian Rupees. All funds are to come fmm the
Smithsonian / Poreign Currency Program; no monsy is requested from the Indian
Goveriment or any other institution. This proposal hss not been submitted to

any other funding agency.
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R = amt. enviroomental
change (regeneration
rate)

VR = variance of regener~
ation rate

VP = variance of production

LVP = limitation on variance
of production contributed
by stocking rate

LVR = limitation on variance
of regeneration time
table

IR » minimmm allowed amt., of
envir, change (regenera~
tion rate)

LW

LvP

LVR

LVP

LR

Lve

x
RATE OF EXPLOITATION (STOCKING RATE)

OUTCOMEII: REGENERATION RATE LIMITING

RATE OF EXPLOITATION (STOCKING RATE)

OUTCOME TII: VARIANCE OF REGENERATION
TIME TABLE LIMITING

X
RATE OF EXPLOITATION (STOCKING RATE)



FIGURE 4:

causes
of var-
fance in
produc-
tion not
under
control
of the
planner

fixed
fn the
"hbare
bones"
model
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DERIVATION OF THE LIMIT ON VARIANCE OF PRODUCTION

FOR THE "BARE BONES" MODEL:

Probabflity of
production failure
due to varfance in
prices of goods
needed for produc-

tion i

Prob. of production
failure due to
varfance 1in

ratnfall

Probability of loss
due to insects and

disease explained
by technology

due to insects and
disease explained
by proportion of
land allotted to
product

Probability of lossi

Famine Limitation on (total) variance
Probability of production (fixed in the
reduction "bare bones" model)

due to direct

gov't supply

of product Cx_acceptab1e probability of
~ <7 famine despite direct gov't

supply of product

- may  owmr -

"limitation on the variance of
production contributed by
stocking rate"” used in Fig. 3

- e —— —— ——— — —— ——

Reduction of
failure proba-
bility due to
gov't afd to
production

Probabi1ity of loss due to
fnsects and disease explained
by the rate of exploitation
(stocking rate)

- P, e — [PODE



fixed in "bare
bonas" model

not under
control of
plannar

(ST T A —

decrease due to plant damage frem
grazing schedule

decrease due to other contributi
from “technology”

decrease due to plant damage
from ingects & disease not
explained by the stocking rate

decrease due to variability of
rainfall

/‘—.'

intrease in regeneratisn rate
due to manhours of tending

increase in regensration rate
due to cost of treatment (or
cost corrected for predicted
benefit)

minimmm acceptable regeneration
rate resulting from increased
stoeking rate ("ILR"=minimmm
allowed amt. of envirommental
change from Fig. 3)

minimum acceptable regeneration

g rate set by planner
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not under control
of planner

fixed in "bare
bones™ model

{

variance due to
variability of
rainfall

variance due to insects
& disease not explained
by stocking rate

variance due to plant

damage from grazing
schedule

other contributions
to variance from
"technology"

maximum total variamxe
acceptable to the plsaner

1imitation on variance
contribution due to
stocking rate (LVP' =
limitation on var., of Reg.
timatable of Pig. 3)

decrease in variance due
to manhours of tending

decrease in variance dus
to cost of treatment (or
copt corrected for
predicted benefit)
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1ABLE 1. : EXPLARATION OF COMPONENTS AND LINKS IN THE MODEL SHOWN IN FIGURR 1

COMPONENT
(showm in the

boxes in Rig. L)

gize of population
supportable

(“earrying
capacity")

consumptive
habit

("standard
of living"
tarm)

DEFINITION OF
COMPQNENT

No. of persons
supportable on

local resources

for en indefinite
time period given

the assumptions
described belcw as

to consumptive habit
(la, "standard of
living") technology,
resource allocation,
rate of environmental
change, and variance
tolerances about each
of these.

the average amount
congumed directly
per person, given
the restriction on
the variance of
consumption (which
hae been translated
into a restriction
on the variance

of production)

POESIBLE

ASSUMPTIONS
ABOUT COMPONWENT

(dependent
varieble)

1.) present
consumption

2.) minimal standard
of living

raegtriction

3.) "optimal" resource
distribution

POSSTBLE DATA
SOURCES FOR

ASSUMED VALURE

OF CQMPQNENT

[T~

1.) socio-
econonic
surveys

2.) official
povaerty lina

3.) arbitrary

rage 39

LINKS TO OTHER COMPONENTS
(shown by armrs leading
avay from the component

in ¥ig. )
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To:

Tos

size of lsbor foree!
direct relation, the
labor force size for
production of a given
product being
dependent on the
population size, age
structure,-. . the
demands for labor

for production of
other products, and
the amt. of resource
base allotted for pro
uction of the produc:

size of population
supportable:

Amt . of product pro-
duced X proportion
consumed directly /
average per capita
consumption =
population supportabi.
(note that the “amour
produced includes
variance restrictions



COMPONENT

=]

< COMPONENT
& NUMBER

&

(shown 1n
boxes in
Fig. 1)

DEFINITION OF COMPONENT

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
OF COMPONENT

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

(3) variance in
prices of

products
bought from
outside

(4) age struc-
ture of
population

the "products" here
refers to goods bought
for direct consumption,
such as food.

the proportion of the
population 1n each age
class

present price
fluctuation
levels

1) present
age structure

2) stable age
distribution

economic re-
cords of re-
cent years

1) census
data

2) calculated

To: Consumptive habit!
High variability
may affect how much
the population will
satisfy 1ts needs
locally and how mud
1t will rely on
cash cropping and
exchange

To: Size of labor force
the number of per-
sons in the age
groups producing
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
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COMPONENT

NUMBER

COMPONENT
( (shown 1n
boxes in
Fig. 1)

DEFINITION OF COMPONENT

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

POSSIBLE DATA
SOURCES FOR

ASSUMED VALUE
OF COMPONENT

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

(7)

resource
distribution
assumptions

minimal
standard

of living
assumptions

demand
for
cash

this can be measured
through such measures
as the "evenness" term
of specfes diversity
formulas using the pro-
portions of the popula-
tion in each fncome
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
thetr 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 iiv-
ing

3) optimal

1) none

2) set
arbitrartily

1) present
demand from
each income
category

2) projected

1) soctio-econ
studies +
gov't data

2) official
poverty line

3) arbitrary

1) ---

2) official
poverty line

1) socto-econ
data

2) projected

demand with pro-

Jected changes
in technology

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

To: explotitation tech-
nology: the proba-
bility of adopting
technological
changes will differ
for each fncome
category

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

To: use to which pro-

duct ts put:

this will determine

the ratio of cash

cropping to sub-
sistence farming
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SOMPONENT COMPONENT
YUMBER (shown in
: boxes in

Fig. 1)

DEFINITION OF COMPONENT

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
OF COMPONENT

LINKS TO OTHER COMPONEN
(shown by arrows lead-
ing away from the
component in Fig. 1)
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(9)

(10)

t11)

use to which
product ts
put

variance in
prices of
products
sold to
outside

amount of
product
produced

Timitation
on varfance
of production

the proportion of the
production which 1is
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 in such
a way as to produce no
more than this amt of
varjability

present use
pattern

present

none

(dependent
varfable)

1) present
observed

2) calculate
from gov't
goals

gov't data

gov't data

1) gov't pro-
duction re-

2) gov't policy

statements

To: size of supportable
population:
proportion consumed
directly x amt of
product produced /
average amt require
per capita = size
of supportable popu
lation based on
this product

To: use to which pro-
‘duct 1s put:
high variance may
discourage cash
cropping

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

To: total probability
of production fail-
ure: the total pro
bability of produc-
tion failure must
not exceed this
1imit
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COMPONENT COMPONENT
NUMBER (shown 1in
boxes in
Fig. 1)
(12) accepsabidity
probability

(13)

(14)

of production
fajlure de-
spite gov't
afd

acceptable
probability

of famine
despite direct
gov't supply
of product

maximum per-
missible peak
and cumula-
tive amt, dur-
atifon and pro-

bability of re-

quirement of
direct gov't
supply of
product

DEFINITION OF COMPONENT

the total probability

of a production failure,

including its duration
and the probability

of its occurrance
which the planner is
willing to accept

the probability
acceptable to the
planner, including
the magnitude, dura-
tion, and probability
of occurrance of
famine

the amount acceptable
to the planner

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

1) present
probability
of production
failure

2) set
arbitrarily

1) present
probability

2) set
arbitrarily

1) present
level

2) ideal
lTevel

POSSIBLE DATA
SOURCES FOR

ASSUMED VALUE
OF COMPONENT

1) history
of recent

production
failures

2) gov't goals
1) history of
recent famines

2) gov't goals

1) gov't reeordsTo:

cords of re-
cent famine
relief opera-
tions

2) from goals

LINKS TO OTHER COMPONENIS:
(shown by arrows leading
away from the component

in Fig. 1)

To:

of gov't planners

¢ 1imitation on variarce

of production:
variance of produc-
tion must not ex-
ceed this limit

acceptable probability
of production fajlure
despite gov't aid:
acceptable probability
of production failure
= acceptable prob. ¢f
famine + max. permis¢-
sible peak & cumula-
tive amt, duration

and probability of
requirement of direct
gov't supply of pro-
duct

aoceptable probability
of production fail-
ure despite gov't aid:
as in #13



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)

COMPONENT COMPONENT

NUMBER (sh (shown in
boxes 1in
Fig. 1)

(15) total proba-

(16)

(17)

(18)

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
probabi11ty of occur-
rance of a fillure,
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
probabi1ity 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
varfability

2) ideal
variability

1) present

- Yevel

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

1) recent his-
tory of qov't

aid to production

2) qov't goals
weather

records

1) gov't re-
cords

2) experimental

or other data

To: probability of loss
due to insects, dis-
ease, etc.:
prob. of loss due to
insects, etg¢ must be
low enough to bring
the total prob. of
production failure
below the 1imit set
by the planner
(see P. 9 of text)

To: total probability of
production failure:
cushions prob. of
production failure
(see Fig. 4)

To: total probability of
production faflure:
direct relation to
production
(see Fig. 4)

To: max. allowable rate
of exploftation
(stocking rate):
explained in Figs.
3844

from gov't records

records

To: explofitation techno-
logy: derived in a
way similar to the

stocking rate,



COMPONENT COMPONENT

NUMBER (shown 1in
boxes in
Fig. 1)

DEFINITION OF COMPONENT

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE

LINKS TO OTHER COMPONENTS:
(shown by arrows leading
away from the component

in Fig. 1)
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(19)

(20)

Timitation
on mean
production

stze of

labor force
engaged 1in
production

maximum

mean prnr-L.cion

ser hectare given the
constraints on regen-
eration, variances,
etc.

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

none
(dependent
varfable)

COMPONENT

To:
cee- To:
calculate To:
from age strue-
ture & pop.

size together
with effective
resource avajla-
bility, the effi-
ciency of labor,

New technologies, such
as high-yielding 1ive-
stock breeds with re-
duced resistance to
disease, could be ex-
pected to produce dif-
ferent variabilities
in production through
disease rate changes

proportion of resource
base allotted to pro-
duction of this pro-
duct: similar to
stocking rate deriva-
tion; large monocul-
tures have higher pro-
babt1ity of failure
due to insects, etc.

amount of product pro-
duced: amt of product
produced = mean pro-
duction per hectare X
amt of resource base
allotted to this pro-
duct

effictency of labor:
probably a modal rela-
tion with a posikibe
relation at low den-
sities of population
and a negative rela-
tion at high densities



2 COMPONENT
* NUMBER

Pag

COMPONENT
(shown in
boxes 1in

Fig. 1)

(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,
stocking
rate, and
labor force
size

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
COMPONENT

and the demands
for labor for
other products

1) gov't prod.
records &
socjo-econ data

2) projections

LINKS TO OTHER COMPONENTS:
(shown by arrows leading
away from the component

in Fig. 1)
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To:

To:

To:

1imitations on mean
production:

1inked directly - mean
production per hectare
= size of labor force
X production per per-
son (note that the siz«
of the labor force is
1imited by the availa-
bility of the resource’

1imitations on mean
production: mean
production per hect, =
size of labor force
producing the product
X efficiency (note that!
the size of the force
is 1imited by the re-
source availability
and the efficiency is
Timited through the
technology and the
stocking rate to the
varfous variance re-
strictions)

sfize of labor force:
labor force size could
efther 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



COMPONENT COMPONENT
NUMBER (shown 1in
boxes 1in

~ Fig. 1)

3

gp

o (22) exploitation

technology

(23) amount of

(24)

gov't exten-
sion to im-
prove tech-
nology

variance in
prices of
goods needed
for produc-
tion which
aire ovovugnti
7rom outside

DEFINITION OF COMPONENT.

the qualitative type
of the technology
(such as the breed of
livestock) as opposed
to the guantitative
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

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

1) present
technology

2) projected
technology

1) present
extension
effort level

2) projected
level

present
variance

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
COMPONENT

1) gov't re-
cords

2) gov't pro-
Jeotions

1) gov't
records

2) five-year
plans & other
development
schemes

econ lit
and gov't
records

LINKS TO OTHER COMPONENTS:
(shown by arrows leading

away from the component
in Fig. 1)

To:

To:

To:

To:

: efficiency of labor:

usually a direct posi:
tive relation in terms
of production / man-
hour, although often
not in terms of energyw

probability of loss
due to insects, dis-
ease, etc.:

usually probability of
loss would increase
with increased reli=-
ance on exotic culti-
gens, high-yielding
breeds, etc.

exploitation techno-
logy:

positive relation,
although not neces-
sarily linear

exploitation techno-
logy:

increased variance in
prices of goods shou'ld
lead to decreased ten-
dency to adopt new
technology

total probability of
production failure:



oCOMPONENT

TNUMBER
0

Pag

(25)

(26)

COMPONENT
(shown 1n
boxes in
Fig. 1)

Continued

maximum
allowable
rate of ex-
ploitation
(stocking
rate)

variance
allowed
in regen-
eration
timetable

DEFINITION OF COMPONENT

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

POSSIBLE

ASSUMPTIONS

ABOUT
COMPONENT

none
(dependent
variable)

arbitrary

Table 1:

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
COMPONENT

goals of

gov't planners

P.

LINKS TO OTHER COMPONENTS:
(shown by arrows leading
away from the component

in Fig. 1)

To:

To:

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

efficiency of labor:
labor should be least
efficient at extremely
Tow and extremely high
stocking rates, and
most efficient at soma
intermediate rate/

The stocking rate is
related to the mean
production through the
efficiency of labor

maximum allowable ratz
of exploitation (stoc-
king rate):

See Figs 3 & 6 and the
discussion on P, 10-12
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(28)

COMPONENT

COMPONENT
(shown in

boxes in
Fig. 1)

amt of envi-
ronmental
change
allowed (re-
generation
timetable)

amt of
resource
base with-
drawn from
production

DEFINITION OF COMPONENT

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

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

arbitrary

arbitrary
(governed
by the de-
sired regen-
eration rate)

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
COMPONENT

goals of
gov't
planners

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

LINKS TO OTHER COMPONENTS:
(shown by arrows leading

away from the component
in Fia. 1)

To:

To:

To:

: maximum stocking rate:

see Figs. 3 & 5 and
discussion on P, 11-12

amt of resource base
withdrawn from produ¢-
tion for reseeding ard
fallowing: a require-
ment for a speedier
regeneration of the
desert will require
more land be withhel¢
from production

amt of resource base
of this quality avaii-
able: over time the
regeneration program
will reduce the amt

of 1and in the poorer
quality classes and
increase the amt in
the better classes
(the opposite would te
trua, of course, if
the "ens!=anmental
change" allowed .avra
acteneration rather
than rcoeperation

proportion of re.
source base allottez
to this product:
proportion allotted
to this product = one

- the nrannwmtinn



COMPONENT

NUMBER

(30)

COMPONENT
(shown 1n

boxes 1in
Fig. 1)

Continued

amt of re-
source base
allotted

to produc-
tion of this
product

proportion

of resource
base allotted
to this pro-
duct

DEFINITION OF COMPONENT

the number of hectares
of land used for juvat
grazing, for example

the proportion -f
the amt of resource
base of this quality
available which is
used for production
of this product

POSSIBLE
ASSUMPTIONS
ABOUT
COMPONENT

i) present
amt, present
allocation

2) an opti-
mal alloca-
tion which
minimizes
the probabi-
11ty of loss
to insects,

disease, etc.

while still
satisfying
minimal pro-
duction re-
quirements

POSSIBLE DATA
SOURCES FOR
ASSUMED VALUE
COMPONENT

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

2) derived
experimentally

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

LINKS TO OTHER COMPONENTS:
(shown by arrows leading

away from the component
in Fig. 1)

To:

To:

To:

21'ucted to other
products and uses -
the proportion with-
held as part of the
regeneration program.

size of labor force:
the size of labor
force engaged in pro-
duction of a product
must depend directly
on the amt of resource
avatlable Tor 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

amount of product pro-
duced:

amt produced = no. of
hectares X mean pro-
duction per hectare.

amount of resource
base allotted to this
product:

amt allotted = amt
avatlable X proportion
allotted

To: probability of loss



COMPONENT COMPONENT
NUMBER (shown 1n
boxes 1in
Fig. 1)
i
ny
2(30)  Continued
™
(31) amt of
resource
base of
this qual-
ity avatl-
able
(32) total
resource
base

DEFINITICN OF COMPONENT

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

POSSIBLE

ASSUMPTIONS
ABOUT
COMPONENT

1) present
amt of res
base

2) projected
amt after
beginning of
regeneration
program

present

PUSSIBLE DATA

SOURCES FOR

ASSUMED VALUE

COMPONENT

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

2) projected

LINKS TO OTHER COMPONENTS:
(shown by arrows leading

away from the component
in Fig. 1)

To:

from regeneration

rate

land surveys

To:

ease, etc:

increased proportion
allotted to one pro-
duct leads to in-
creased probability
of loss and to an 1in-
creased magnitude of
loss when 1t occurs

amount of resource
base allotted to this
product:

amt allotted = amt
available X propor-
tion allotted

amt of resource base
allotted: through

the amt of res base
of each quality avail-
able
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FEATURE

1.) dust: dustiest of all deserts

2.) rainfall: 120 mm/yr in west to
400 mm/yr with high vari.angg

3.) relative humidity: 93% in Angust
to 10% in April & May

4,) average wind velocity: 3km/hr
in Dec. & Jan. to 32 km/hr in

April & May

5.) temperature: ranges below
0°C. in winter to 50 C. in sumer

6.) dew point: highduringcmer.
~ and meny clouds

7.) most demsely populated desert
in world

8.) barrenness: regien more barren
than rainfall would lead one to
predict

9.) livestock populations:

cattl‘ H 49,4 milla
sheep : 5,66 mill,
goats : 3,38 mill,
other : 0,50 mill.

REPERENCE
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