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ECONOMICS OF UPLAND RESOURCE DEPLETION :
' y !
" 'SHIFTING CULTIVATION IN THE PHILIPPINES™

’ 2/
Marian S. delos Angeles

I.  INTRODUCTION

The two principal causes of deforestation. in. less
'dQVeloped countries today .are land . clearlng for agrlculture
and wood gatherlng for ruel (Eckholm 1976). However, . the

practice or “"shirting cultivation” has largely dominated:

7
~ Based " mostly on Chapter III of "Economic Analysjs of
_Resource Conservation by Upland Farmers in the Philippines,"

Ph.D - (Economics)  Thesis, . University of the Philippines,

2/
“Research’. Fellow, Philippine Institute for Development
‘Studies.
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clearing of forested 1ahd for agricultural production . It
is an agricultural sYstemﬁgenerally conducted‘"by a rotation
of 'fields rather‘ﬁhan»crops, by short periods. of éropping,
alternating with long fallow periods, and by clearihg by

means of slash and burn" (Pelzer, 1968).

In the Philippines, such practice of the  "kaingin®
. system, as it is termed locally, has usually succeeded
iogging acfivitieé. While debate oﬁ‘thé relative _damagé
inflicted by upland agriculturists andE longrs‘ on .ﬁhe
forests stili remains unresolved, iﬁ is' pefhaps more
:imporﬁant to  note that occupancy in the country's. uplands
reached fourteen _miilion (14.0 M) individgais in’ 1980

(M.C.Cruz, et al, 1986). . The effects of land-use systems

by such population, which represents some 30 percent of the

national total, therefore, cannot be understated.

We attempt to provide a systematic investigation of
agricultural systems practiced in the uplands by starting
~with a formal treatment of the  shifting cultivation
4/

problem.  We investigate the optimum rate of use of

forested land from ‘society's viewpoint and from the

3/

'
[ 1]

. hifting cultivation", shifting figld agriculture",
"swidden - farming",, "slash-and-burn farming"” and "“kaingin"

are terms which have been used by variQus authors . to-
indicate, generally, similar agricultural systems and .are

used . interchangeably in this paper.: '

4/ |

" The econonics of adoption of .soil conserving
technologies by upland communities who are participants of |
development projects shall be presented in a subsgquent

working paper.



.

ihdividual uplander“s Viéwpoint, .given traditional choices
betWeen'timber broduction or agricultural prdducﬁiqh through
slash and burn. fa;ming.’ Here, swidden  farming. - is
explaibéd . in :termé of‘a-standard resource ecoﬁbmic  mbdel
on open access-ékploitatibn, the diséountihé'bias, gnd iero
valﬁation of tﬁe externalities involved, as’ well as

constraints which are specific to upland resource use.

5SeCtions_ l. .and 2 discuss the varying degree ot
-completéness of marke?s for the~products/effects of .upland
résoutée, ﬁse. Specificaliy,v dissimilar valuation of the.
external,"ehvifonmental, and  future effecﬁs resulting‘from
_égriculturai use of forest land‘isAﬁhe major determinant ‘of
fateér of use of uplghd‘SOil_resohféés; . In addition, the
fresulting ﬁiﬁe]paths of resoufcé stoéks,. scaréity rent,
agriéulﬁﬁpal ' préduétion.'and' prices'are .diécussed ﬁnder
.Varying decisionifules fdllgwed by the different résource—

users.

Section 3 dubsequently hypothesizes the likely
behaﬁiot' 6fkiforés£v land use -under sﬁeéific Philippihe
coﬁditions  of écceséibility,and tenure, and presentsréome
ibSights on _Shifting'éultiﬁaﬁion in various‘parts ‘'of the
counﬁry, 'This.:is fbllowed by a discussion éf the implied

policy ‘tools in.Séétion_4.



II. A NORMATIVE MODEL OF OPTIMUM USE OF FOREST LANDS

- FOR_AGRICULTURAL PRODUCTION : RESOURCE OPTIMIZATION'
UNDER COMPLETE MARKETS

Consider - the following relationshdps‘ depicting
agricultural‘ production on fofest land Awhich adopts the-
basic natural resource exploitation model, as presehted by

Howe (1979, Ch. 5)}

(1) ~ o(t) = 1 L6t) , S(t) tl
where - Q(t) = "agricultural crops planted in  forest
) land; I
L(t) = compesite labor-capital input; -
S(t) = stock of forested. land -and  so6il
' resources therein; and
t = time.

Howe- includes S(t) as an'argument’to ”the1 production
functlon for a natural resource commodlty to reflect what he
ealls "stock effects“ (1b1d, pan), and-whlch he defines as:_
h(a) an: 1ncrease of _eifractiongcests ’( for the dérﬁgdﬂ
:cmedﬁﬁ/) as_‘-hwsdamé) depletioh~progeeds:' and (b) - a

reduction - in future use due to a f1n1te limit to the total

iy —

quantity of the i situf'resource" (1b1d,ﬁ p.72: italics
‘inserted). An'example ef‘such stock effects include higher

effective logging costs for'cutting smaller sized_trees,'
We differ in our treatment of S(t) és:'we. adapt the
model for the use of 'upland'resources ~which include both

forests and soil resources. Under the shifting agriculture



sxstem, the flow of-eervices from forested uplahds.proceeds
.as_foiioWs;“ Iumediatelyfafter_standing forests are‘felied,
the_ resulting. cleared'area,t-which stiliv contains- forest
1itter} _'provideS-_ﬂenouéh* ffertilityﬂv for - agriCUlturaif
production. ” When fthef c;earingf is ValsoVJaccompanied- by
burning- ofatrees, the\soii resources are‘ennanced 'by ’thed
burnt biomass;j that"fs;‘ the add1t10n of sllghtly burned:
vegetatlon results in an 1ncrease of the organlc matter and-
n1trogen content after burnlng (Sanchez, .1976). Thus, an‘
1mmed1ate (i. e., current) .posltlve stock effect results.or,
(BQ/BS(t)) > 0; uplands }which*:.aredforested‘are therefore
better sites nfor_'agrlculturali oroductiony compared for
'example, w1th non- forested uplands (e g.; grassland, pasture

land)-of‘the sameVSIOpe.

Unless SOil‘conServation'Measures are: taken, however,
continued agrlcultural productlon may not lbe feasible .due
to soii structure deterloratlon, and-to -erosion _of .the;
top301l .whlch is no 1onger protected from rainfall (usually’
heavy in ‘the tropics) bY forest 11tter._ Thue;;’it':becomes
more dfffrcult to extract”_.agrlcultural vproducts: from.
forest: land'dbecause the nutriente earlfer orouided oy the.
burnt stock of forest vegetatlon are no longer avallable, or
are less, ?fof 'the subsequent cropplng cycle,u--In"thls
manner;. the negatlve stock effects hold. These effects.are
e 3
described by Howe as a cost experlenced in the future due to.

_current.use'of a given resource‘stock.
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We expect'(BQ/BL(t))‘> 0, and (9 Q/dL - (t)) < 0 f£from

‘the . usual behavior of ' production (law of _diminishing_

returns).

Equation. (2) is an inverse demand function. for
agricultutal crops/commodities, given p(t) as the composite
price of such products:

(2) p(t) = D [O(t), t]

The next reiationship'shows, sociélf.benefits, which
include the use of agricultural products, as well as the
‘Value of  environmental services of untilled forest land,
S(t):

_ : Q(t) » A

- (3) -SB(t) = ~Jy DIn(t), t]l dn + E[S(t)]

Here, we integrate over Q(t) to indicate that we are valuing
the area under the démand curve, 'and~estima£ing _consumers'p

surplus.

The environmental services-E[S(t)j which afe provided
by a stock of forests ﬁey_pertaih to thej minimization of
soil etQSion as well as others such?'as ‘ windbreaks)
ecological diversisy, ‘and the provision iof ongen.‘:The
present study focuses largely on soil er031on as the prlmary
concern among the off-site forest serv1cesh - Larger stocks

of forest lands lead to more env1ronmenta1. services, thus

(dE/ds) > 0.



Subsequently, we now investigate the production of
agricultural' orops on-forest lands which xinvoiVes direct
costs such as the opportunity cost of iabor-capital, and the
Joss of environmental services due to a reduced forest land
area. Ihdirect costs include those imposed on the future,
1n partlcular,. the foregone harvest from secondary forests,
and 1ncrea31ng dlfflculty of raising agricultural crops due

to decrea51ng soil fertility.

Setting r as the social discount rate and w as
the. unit opportunity cost of the labor-capital input, the
optimization problem for agricultural production on forest

land becomes:

(4) M?X;_ AR AR nt)dn + E [S(t)] - wL(t)] e dt
L(t ' ' ' :

t
s(0) - a [ o(T) ar,

subject to : (4.1) s(t)
(4.2) s(t) > 0.

Eguation (4),..(4.1)_ and-(4;255desofibes an optimal
: controi ‘problem where L(t) is the'deeision veriable and
S(t) the'_state Qariable._- sEquation (4) says that we are
maximizihg net sociai benefits, or Sﬁbtracting current
.productioh cost, wL(t),. froh equation (3) over-e_perpetual
'timejperiod; Thus, under complete mapkets, the agricultural

. product, environmental services and future effects of using



‘part of forestéd uplands for crop . production are all
bonsidered, Presumably, this occurs when the decisions made

are based on societal concerns.

.Equétion .(4;1) is.an‘acéountingfequation for the stock
_of fbresfed land; thevconstané a (>0) réflécts thé effect
of-upland_agriéultﬁral'production on the rthction'of forest
land, while S(0) denotes,the initial stOCK’bf quested‘lénd;
Equatioh (4.2) is the.nonjhegative conditidbﬂof S(t). The

rate of change of S(t) , is therefore:

(5)  S(t) =  =a. 0(t)

For pqrposes of ‘mapageabiliﬁy, we . incorporate the
cOnstréint' equation (5) ihto’(4) énd'mul@iply the whole
_eguation by | zértdtf'or équivaienﬁiy,u erf, -to  form _thé
cﬁrréﬁt value Hamiltobian. funcﬁionAwhichEdepicts.the raqé
of néf‘SOCial-béhéfits at insta@t ts

- Q(t)

(6) ®H = L ' D, t)dn + E [S(t)]

- WL(t) - a . u(t) o(t)

Here, u(t) is the current value Lagrange multiplier, ‘Which
is eqdalt;A,er#, corrééponding té: conéttaint _(5)._"The
-firét ‘tw0"term5'pf (6) shOW‘therirect .amd‘ enQironméntai.
bénefit rates; the third_ﬁerm pe;tainsvtog the opportunity
cost of'labor—capital'ihputs, while the las£ term represents 

sacrifices imposed on future periods.:



- Differentiating H  with resQect to L(t) ‘gives-us:

(7) ._%m D lo(t), t] _3(t)  + _QE[S(E)].
| Ly ToL(t) " d&s(t)

. ds(t) . _sQ(t) - w
- do(t) - 3L(t)

- a . u(t) solt)
- 3 L(t)

Obtaining (BH/BL(t)) = 0, we derive the following basic
o5/

condltion on’ prlce,\cost and ‘rent:

(8). p(t) = - _dE [S(t)] .. dS(¢) +

W
as(t)  do(r) T z0(E)

..+ a ;,u(t)b

That’ *is,; the marginal ‘social value of‘ agricultural
prodncts derlved from forest land at- any tlme must includem
‘_three component35 The flrst term on ‘the rlght covers thee

marginal loss of env1ronmental serv1ces. ThlS is posltive-
sinoe dS/oQ <'0;' The two other components are the marginal
”production‘ cost (the second term); and- . thevmarglnel user
cost (or scar01ty rent) on: the on-51te resources belng used
up whlch are not replenlshed because secondary forests are
wiped -ont._(th;rd term) . The marginal cost of producing
.agricultgral- commodities-.from,foreet" lend);‘according to
society's -viewPoint, g.therefore ‘Aineludeé " environmental,

'nroductionfand inter~temporal costs.

5/ :
The appendix presents the details of the mathe-
matlcal derlvatlons._ :
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Once the rlght hand 51de of eq. (8) exceeds 'p(t), it
po longer pays for society to produce the next unit of
agricultural comquity,on forest lands. Hence, soCiety‘is
beﬁter off obtaining additional égricﬁltural pfddﬁcts. from

other .sources ‘'such as the lowlands or the international

market.

The movement of scarcity rents on in gitu resources now

may:be-seen_ftom'the following:

(9) Basic condition 2

u(t) + [p(t) - a.u(t)] _g_( ) + _dE_ . = r . u(t
' ’ - 3S8(t) ds(t) ~
From equation - (8), [p(t) -ia u(t)l >0 ; thﬁs,

given that (90/3) > 0, and (dE/dS) > 0, .then (u(t)/u(t))
iﬁ equation (9) is'positive.. Here we_can;see that“when'the
optimum size of forest land is carried fbfﬂard, three types
of. benefits afe enjoyed by soc1ety (laft hand . side of
(9): (a) inérease_ln 1t§ value; (b) reductlon of fu£ﬁre
broductlon costs of -agricultural commodlﬂles, and (c) the
value of add1t10na1 env1ronmental services | (Howe 1979, P 93,
italics ‘1nserted). The . sum pf these bendflts should yleld
the sociaily required rate of return r ion the‘ value of

u(t), the scarcity rent.

Hence, -the first basic cOndition'.(eq. 8), tells us

the éptimal rate of producing agricultural'cfops on forest



1

land while basic'conditidn 2 (eq. 9) shows the optimal stock

of forest lands.

CITI. ! SE OF UPLAND SOIL RESOURCES:
ESOURCE OPTIMIZATION UNDER INCOMPLETE MARKETS '

After having derived societal decision rules, we now
diséuss indiQiduél' deéisibn—mékipg' criteria. We Eackie'
three cases‘of private resourcéiQSérs $ thosé with secufe
land tenure; thdsev without  property rights‘ ;' and.  the

special case of shifting cultivators.
3.1 The Private Resource-~User With Secure Land Tenure

A "potential- uplahd :cultivatof in a perfectly_
COmpe;itive_ settlné for agrlcultural products would likely
ighofe the off ~site enviroenmental services prov1ded by the
stock of 1n situ resources.'_ ‘The cprrespond;ng- formulatlon
of hlS obJectlve functlon, with the omisSiob'of E [S(t)]L

would result in:

| » o(t)  ert
(10) Maximize [/ . D(n, t) dn - wL(t)]l e . dt
Ltt) ¢ :
subject tosz -(10ﬂ1)Aé(t) = -a . o(t)

(10.2) -S(t) > 0.
The corresponding basic conditions would be:

w. + a . ult)
_olt) .

L(t)

(11)  p(t)
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(12)  “8(t) + [B(E) = a-6(8)]  Q(t) = r . a(t)
R | S —s(t) ‘ S
Equation (11) implies that’theA"private cost" p(t) . of
agricultural'erope reieed in the uplande wouldrbe lower than
the. social cost. p(t) indicated earller in eduatioh (é)
because off ~site environmental costs are ignored _that is,
the " value of equation (11) is less than thau of eq. (8)f\by
.the factor E— (dE(S)/dS) (dS/dQ)] > 0.- Therefore, given
the_ . same’ demand curve fof agrlcultural prdducts faced by
both, types of dec1310n—makers,: anv1nd1v1dqal:would_pr0ddce
more agflcultural»orops,»or would convert a;largef, fOfested
‘upland-’area fof agficulture use; as against‘the‘area that
SOCiety'would'oonsider. As a result, in §5£g rent glven in
equation (12) would. rlse faster.: Ihet is, qolv1ng for u and
d in the two eqdatlons for the second basicgconditions, (9)
endd -(12) respectiyely, fa difference-;oﬁ: the maghitude
(dE/dS)‘ > 0- ihpliee 'ﬁ-<'é. Hence, 'wheQ; the‘merket is-
incomplete beoause the off-site' environmental effeqte. of
oonverting_ fofested_ uplendso'to .agricultoral,‘ efoplands
through-'swidden farming are not'inciuded.in the"exchange,’
lergef areas tend to be deforested and scar01ty rent rlses_

faster.

Furthermore, private decision-making aﬂso differs from
public  choice in terms of the time preference rate: an

individual pormally uses a rate higher than what a  public
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planner would apply, or r > r. ' . Solving thus for the r's,
.eomparing' equations (9) and (12), and bearing in mind that

(dE/dS) > 0, we obtain even a wider gap between u and Q.
3.2 The Individual User Without Secure Land Tenure

~Reaction to the .effects of changing land-use from
.timbef:e,tprodection”"tet agrlcultural pfeductieh' 'mayf
additionaily differ'_aceordlng to’ varying property rights;
An. upland cultlvator who has exclu31ve, secure use of so0il
fesources for a g1ven upland area ‘would bei mote'responsive
”to the op—slte,'futpre,effects of.a decrea81ngfsteck“ef soil

resourcés than one withoutiﬁreperty rights.

When rights to use public'land~are~ not secure, the
.stock. effects (of decrea31ng forests) may be' excldded;' or
u(t)'=-0. In thlS case, the correspondlng ba51c condltlons

"would be:

(13) p =

S
kri

Q>
[
~—
(a4
~—

r . ou(t), . or

(14)  u(t)

clee

|t
n
af}

The prlce that the cultxvator attaches to hls produce'
_tllled, publlc, (erstwhlle) forest_ land 1s-equ1valent only
to - his‘valuatien'ef'the effort that went into .agricultufal

preduction,'ae-depicted by eq. (13).

8/ \
That is, assuming the time preference rate is properly
reflected by r, for purposes of. a 51mp1er exp051t10n.
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' Public.'lend is hence used'et a faster rate for;swidden.
farﬁing;,a ‘smaller ,stook of forests .results :andf' user
‘oost' rises et _a faster ratei That is,. soiving ‘for
u(t)/u(t) in  equations (9), (12) and '(14) would yield
the follow1ng _relationships: (u/u) > (u/u) > (u/u) > 0,'
with the differences being accounted for-by exclusion of
‘the- terms [eQ(t)/3s(t)] > o, [dE[S(t)]/dS(t)]-> fO,: and

a.u(t) > 0.

Indeed, w1th the absence of propertyvrlghts for tllllng
“the . uplands, the upland resources whlch fnclude the forests
are‘eyen depleted at a faster rate because the stock effects
efe excluded ih'decisioh—makfng. ‘Moreover, fnseourity of
tenure leads to an even higherA‘disedunt rate. .Thus,
comparing‘_eduations (14) and (12), -and ﬁ_> f, .the faster_
marginal user. cost rises because land ﬁs depleted‘ at . a
faster rate;l/ Figure-:l-shOWS'the5resd1ts of deofsiohs
‘drrlved at by various users of forest land. The forest area
used for agrlcultural productlon by SOCLety (aQ) is ‘less
than that determlned by prlvate 1nd1V1duals (aQ and aQ), and
by the individual’ w1thout'property rlghts who, uses: the

largest area (i.e,,:aQ <aQ «< aé).

In the special case of- the Shifting‘ cultlvator, which
we shall discuss more fully in section 2. 4 below, the area
aQ- is furthermore cultivated frequently by . several users;

thereby-resultino.in faster‘depletion of soil resources.

471/ Scarcity rent being equal_tovzero}'in fact, implies
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- plt) |
- MC(t) = (dE[S]/dS)(dS(t)/dAt)) +-
w(3Q/4L) + a-u(t)
HC(E) = w(aq/aL) + a G
(L) [rmmmmmm e
1 sk { MO(t) = w(3Q/3L) -
o) [
<~ I
|
N |
i (. { : :
b u D(t)
| 1 2 ) .
| | I ) :
B | I | . : : . - .
aQ  <aQ <l Ce RS2

FIGURE | ¢ DETERMINATION OF AREA FOR AGRICULTURAL PRODUCTION
BY VARIOUS DECISION MAKERS

LEGEND:

Decision-maker . Marginal Cost Area for Agricultural
’ A production
society M aQ
individual with property rights MC a0 -
individual w/o property rights MC a0
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_3.3 Behavior of “gj-vg; P and u o?er time

‘Given. these, 'we may now prdeeed.to détermine the time
:patﬁs of‘forest (andisoii) resourceA stock, agrlcultural
'productlon in the uplands, prlce of agrlcultural commodities
and scarcity rent for the three cases dlscussed above. We
-EOCUs_on resource supply factbrs; therefore abstractihg_from
ohangesv in demand for both agrioultural produots,. forest
.produots:.and amehities. We assume that' for varying
rééouree%based products and services,. relative prices will

hold.

We compare forest soil'resource use by society, where
the harket is complete, with resource use.by an‘individual
decision maker who disregards the off—site amenities from
‘resource stock, but who 1nternallzes stock effects because
property ,rights exist. - We obtain from equations ‘(8)"and'
(11) the_relationshié; p(t) > p(t), since [-dE[S(t)l/dS(t))
;  (dS(t)/dQ(t))] > 0. Thus, - “the pr1vate sector resource
‘user would attribute‘a louer' agrlcultural commodlty price
p(t), produce at a hlgher level Q , and the resource stock

. would initially decrease at a faster rate.

Further, 51nce the ‘social dlscount raﬁe is  lower than .

‘the 1nd1v1dual s discount rate,” or r > n~, _the initial
[ﬁ(t)'- a u(t)] of .the private user 1s lebs than that for
_soCiety; and , he also excludes (dE/dS), Hkqpe,‘ the terms

ule) > u(t) in equations (9) aﬁd-_(l2)y -Scarcity rent
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thus increases faster for _the individual who uses. the

‘resource stock more rapidly.

- After a longer time -has -elapsed, however, lower
résource stpcks'woﬁld resuit‘ in higher incremental costs
in extracéing the *resohrce?baSedg product. In addition,

rents rise at \fastef . rates. or S > u. 'Eventually}

B(E) > p(t) when Q(t) < Q(t) (Figure 2).

In the case of a resource user who has no tenure in the

uplands, or the shifting cultivatbr,‘ the situation is even

worse: the initially 'highér agricultural production‘would
ﬂdecreésé'rapidly'to 10werylevels;..and sCar@ity ‘fenﬁ‘ would
iﬁérease'rapidly, This méans that dﬁring aﬁ eérlier point
in -timéyJ 6 > 6__ and § <:§ bécaUSeA the reSourcé user
who has no tenure disregéfds»évenfthe stock éffeéts of

production.’ 1Scarcity rent would rise at a higher rate, or

u > u o, virtually affecting agricultural . commodity

pfoduction._‘Thus, during a latter point in time, 5 > p

when Q <0 .
3.4 The Shifting Cultivator

For ~upland. farmers occupying  ihadequately secured
public‘ foreéﬁs,' the_land may be tilled-méhy times over by
-severél' éultivaﬁors'-in. é similar fashiqn; £hus:.crowding
occurs in ﬁhejéxploitation of open acgeés fishery reSourcéé,
specially under.conditfoﬁé_§f high unemplbyment,‘ or'lack.éf

'alterhatives iﬁ the economy (Clark 1973), and high ‘man-land



FIGURE 2: TIME PATHS OF S, Q, p AND u.

| Lege.nd

S

Social opt:n.rm:m "

S \ ' PN g .
S : e S . o/ Lmam
. \ ~ : “h.... ——— \/ proPerty rlghts
S .“h‘ ’ T — A .. . L _
NN " seo . 8 private optimum,
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ratios. In addition, under tropical conditions where a
.strlngent t1me constralnt for land preparatlon is 1mposed by
ﬂseasonal patterns, and effectlve labor avallablllty is low
(e.g., few tools~are_used"and h1r1ng~labor is not feasible:
because ’inComes are low or surplus labor are not available
in_  tHe uplands durlng ‘the plantlng season), ‘the farmer is
induced\ ‘to adopt a time- sav1ng land preparatlon technlque,

‘that of slash- and burn farming, or kalngln-maklng.

If time 1is the only variable input, the relevant.
portion' of a‘total ~product curve for a . slash-and-burn ‘type
_of 'agriculture is the downward sloplng sectlon, that‘ is,
when average agrlcultural product1v1ty decllnes. 'Indeed,rit
is only the first harvest after felllng and burning has
occurred when- agrlcultural productlon is hlghest. In figure
3}_the curves with solld‘llnes : 1llustrate 'the_ negative
portions of the total'_product Acurves. for 'agricultural
produotion. .Fast_depletiOnrof tonA5011 resources 'follows
after the rains come, .resulting in‘lower subsequent yields.
Most;snifting cuitivators therefore till the field.for only
1-3 years,-_after'Which the invasion of weeds:makes.further
cultiuation‘too 1aborious, andtshifting to another field.is

more desirable.

The shifting cultivator who has tenure"avoids stock
effects-by'either developing better, land-conseruing;' 5011-
use technology, or adjustlng hls consumptlon pattern to suit

the avaxlablllty of produce from the land, and/or seek other
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sources -of 1ivelihood. eThe. latter'chorce implies that
duriné _the fallow perlod during Wthh the soil is .able to
replenlsh itself,. the piece of 1and is protected ifrom
*encroacnment by otner users; this is feasﬁble.under a given
' sysﬁem- of. property fighte. Indeed, vthe; evelution 3ef'
-commonly determined ‘fulee' on‘resourceveﬁploitafion be- a
communlty -of'.resouree .nsersl nas been ‘documented ‘(édg..
. W Cruz, 1982 for the Ph111pp1ne flsherles” case and Lynch,
1984 for examples of cultural minority groups in the
counﬁryls_”uplanQS). The practice of shigting to  anether
field 7i$-ithus'a‘proceSS>of avoidina highef marginal user
cost (and ailowingbon—site eoilAconeervation through then

natural process of regeneration).

The ehoice of burning as-a technique~of preparing the
uplend results in various degreee of dec11n1ng land’
ptoduetivity, v'depending .Qn' the relat1¢nsh1p among' the_
populatlon of upland cultlvators, land area avallablllty ‘and
the rules for governlng the use of land. Fo: areas_w1th low
_ men*land ratios, a -stable system of shifting_‘agriculture
mey‘_resul;;_'whefe‘long fallowwpefiods are fellowed (Figure.
3a); the_noﬁﬁosite\ case 'chafactefizeS'fareee. with high.
popqlatiqn ‘density, and eventual shortening of the fellow
" perio& (Figure 3b). Slmllar; such diagrams have been
breeented by Sanchez (1976, p._384) whichgwe reprodnce here

as Figure 4.
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SHIFTING AGRICULTURE IN-FOREST LANDS

FIGURE 3¢

stable shifting agriculture replacing

a.

a forest managed for timber production

an unstable shifting cultivation system

b.
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" The  F-labelled éurves‘refer'to timber production - frow
the -forest which has‘béén the tfaditional use of forest
- lands. The curves labelled fQ'ivpertaip ﬁo agricultural
prodUétion.w They‘ are iocatéd_ below tﬁe " F '.curves to.

signify"loWer current values of output.“

Figure 3a depicts the first time the forest is used

:for'agricultﬁral production at t when the stand of -

S - ' : 8/ '
trees shall have been harvested. Production of crops,
signified by Q is ' thus ébnducted ét'the.expense of future

timber, and is-“indicated by the segment of «curve F that
is covered during the time interval (t  , t ).
’ 1 4

. _ 2 .
biomass. by the untilled fallowed land which is ~used for

The - dashed portion of curve Q shows production of
\cultivétidn again‘in.year't . Figure 3a thereforg‘shows a
shifting of' fields .pétterned in’ such a way.that ‘a glven
jpiéce of. fdrestlland is.usedmbnly atAintervalé ”which are
equal_.and  gives the Same-yield,‘ other .;hings_ remaining
equal.-. A variant 'éf. this diagram> which .depicgé a
lengthening of_féllow periods and'increasing:yields is not

shown here.

The same piece of land when subjected to shifting
agriculture, which occurs at shorter time intervals, shall

result in productivity declines in the long-run. This is

The 'determination_ of t ‘is the subject of another
area of study and is treated as a given here. The reader
may see Samuelson (1976) for this.
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depicted'in-Eighre 3.1b where the fallow periods_deereasép

-

(t ' <t , t' < t, t' < t), &and agricultural
2 2 3 - 3 4 4 . -
production declines (Q ' <Q , Q@ '<Q : and Q' < Q).

2 2 3 3 - 4 - 4
This figure .shews both uset cdstvahdl on—slte etock
,effecte of depletien vbut it “aoes' net- present the
off-site eavironmental ‘effects of slash-?nd-bura farming.
Thus, only -the ceﬁeerns of the individuah‘decision' makers '

Y

(timber manager and the shifting cultivator) ate‘presented.

IV. SOME INSIGHTS FROM THE PHILIPPINE EXPERIENCE

We now :present some data which support. the various
points we ralséd’ in the preceding dlscuseioh‘ byé.cltiﬁg
evidence gatheted by'seVeral fesearchers‘ohA kaingih~making.
We. focus.firEt-on "stable" systems whlch,are usually, but

not always, evolved by members of cultural m1n0r1t1es.

Table 1, which presents data on labortuse, was yathered
by Conkli@ - (1957) on ewidden farming by the 'Hahungo: in
:Miadoro,'and-has'a cycle of at least elevén years. We note
ethat felllng of climax’ forests (stages 2 ahd 3), relative to
_other :_act1v1tles, . suqh as 1nterplanting,' lprotectlon,
weeding; and”harvestibg,are more 1abof—uelngf This is ttue
for- the _agricultural use'of-seeondary forests (woodj' or
bambOO'type);. except for the fell1ng act1V1ty which is more-
_intensive : for the thick’ cllmax (oldwgrowth) forests;
Burning . hastens\ the’ conversion of blomass from the felledf
trees, eompaked to the alternatlve of'deeay,whlch could take

several years.,
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The highly seasonal pattern of producing'Crops from the
rainfed. uplands is.depictéd by Figure 5, for the Egggg of
 Paléwan :island. Var;ous isupplementafy adtivities; with
differing abilities'to.produce food are undertaken-by this
grouﬁ. Some of the non-farm sources of'livélihood include
collecﬁion of-foréét products, fishing, and;panticipation in

- the labor market.

Indeed, the capacity of other wuplands with similar
‘geoclimatic conditions to' support pebple,depends yén tﬁe
agricultural system being used. Table 2.presents én‘attempt
by Rice (1981) to evaluate three systems in terms of
maximum allowable populétioh density. ‘The first system;
.labelled "single-crop-intrusive" refers to predomiﬁantly

i

pasture use Qf the ;upland, resulfing in an agriculpural'
~cycle that is quite lengthy. As a syétem that is assumed to
be  the major source of.livelihood (as: far as Rice's
computations are cqncgrned)u“it has a very low potential for
_supporting large numbers of péople. .‘Rice notes that this
syétém T is nofmally practiced by iowlanﬁérs living in

clusters (1981, p. 80).

‘The second pattern depicted in Table 2 is ' that of
shiftingv cultivation whefe} a single crop is plan#ed.
According to Rice, 'the;Ikalahéns\of Nueva Vizcaya typiéaliy
practiée such a system. The agricultural cycle is eighteen
(18) Yéaré, a émall fraction compared to the previous

system‘s éeventy—five\(jS)‘years. The third system, which
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TABLE 2.

EXQMPLE& OF UBLAND QGRICULTURRL SYSTEMES EVALUATED IN T&RMb
DF ALLOWABLE POPULATION DENSITY

Traditicrnal  Non-Traditicval Systems:
Single Crop Sirgle anp. Ihd:qenaus
Ivitrusive Irndigercus Inter-Croppirng
o o e s e i gt Skt e i Vo s e e e 2 i e et :... R e i o S i S e S et S (e e 1 .‘_. ——ma e taans s rpmpifrms et st ...‘ it _ [ , -
a. Usnal pericd of . . _ . :
cultivation S vears : 4 years 5 % vyears
b. %ubﬁequent pastuwe : _ ’ , ;
use ‘ 40 years - o o -
. Requlred falleow : o . - -
- peraca ’ 3% years 14 years .1l years
e Totai aqrmculturai o . :
C cycle { atb+c) - 75 years 'la.yeaﬁsa_‘ . 16 years
. Utilization Pate‘w_ ‘ : ‘
(asd) D 7% - 2E% EIT
f. Cultivated lard
needed per Tamily _ ) A . :
as cbserved. 1.4 ha. : 1.9 ha. @. 7 ha.
Rgrlcultural land -
_needed per family ' _ .
(c/e) S @ ha.s . 4.5 ha. .3 ha,
B ﬁgricultural and
‘-watershed lard - . .
rieeded per family 420 ha. 49 8 ha, 25. 3 ba.
i.  Maxiraum aliqwed
. population density D : o T
peyr lQ0A hectares 2.4 féma CoERLE  fam. 3. B rtam.

Seurce: Rice (1981), Table 2, p. 8@.
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is . swidden farming with ﬁultiple crops,v yields more and is
therefore ﬂaole to . support a. larger group of peOple.' This
.Q .

'system 1s usually observed of the T boli of Wlndanao and the

Kallngas of Northern Luzon.

“An 1mportant aspect . presented by Rlce which - is  not
usually tackled by other researchers, at least in emplrlcal
terms,_.is_ the watershed area 1mp11ed by the three- upland
sYStems (ltem» h 'of»Table 2)," ThlS 1mp11es -a recognition
ot the' enVironmental sserViee provlded by forests in: the

uplands.'

- Table 3 _presents ’dataffonpupland ‘rice productivity
for.‘a' grouo-'of_ erstwhile lowlanders now cultivating a
portlon of a maJor waLershed 1n Luzon.i It shows”decreasing
ylelds over time for a watershed whose condition 'has been
characterized”-as critical from the env1ronmental p01nt ‘of
wiew,.. and *implles'_urgenoy ;for‘ solv1ng : the-” upland
degradation and .cultivation_rproblems‘ where:'non—cultural

minorities are concerned.

V. IMPLIED POLICY TOOLS

‘To derive the various policy tools avallable to the
pub11c deeision maker}_'we réwrite the set of firSt. basic
condltlons for Opt1mlzatlon by soclety, the prlvate user who

has' prOperty rlghts, and h:' squatter” on forest lands

respectlvely, as follows:
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TABLE 3

AVERAGE LAND PRODUCTIVITY IN A TRADITIONAL KAINGIN
FARM IN PUTING LUPA, MT. MAKILING, 1378-1980

3 S T R R e o S I T e e e S e e A S O T T T S e R ; =w__====~==2='gm=========
Year - Productiarn Per Hectare
(cavar)
T e e ot 1 1 8 M S k1 I o e . kA i 0 L 1 i i b B U ot ot e S o i P e b 00
1978 26. 74 .
1979 13. 89
1988 8. 68
R R N R s s T e e O I I S s s s s e == NIRRT E=D

Scurce: Corpuz (1984), Table 28, p.88
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(8) p(t) = w/[ Q(t)/ L(t)] + a . ult)-(dB[S(t)1/ds()])
| | o (4s(£)/a0(t)) |

(A1) B(E) = w/l 0(e)/ L()T + a . u(t)

(13) B(t) = w/ 0(£)/ L(t)]

We note the assidnment of. p:opertyl-frights, which -
restricts 'access to the'.uplands by bther users, would
encdurégen thé'ﬁpiénd .cuitivatOr to consider at least the
mérginalvuser ¢os£; orfa.. u(t) (i.e., (3,11)‘versus (3r13)y
Fﬁrtherﬁore, a compérison between equations (3,8) and‘(3.115
shows that'ﬁhe additionél.boliéy-tool ;hat would allow éuqh
user  to | take_ into .accéunt some -  °fA . the off-site
environméntal effects would - be to £ax him a£ a réfelwhich
approximates [ - dE[S(t)]1/dS(t)] . [dS(t)/d0(t)], or impose
énvironméntal charges.‘ Abbliégtibn of the policy tools
discussed would result in fotation_of'the'relevant marginal'
-cdst curves, as indicated in'ZFigure 1. Théée‘wouid 1ead to
an optimal agriculturai uée'of forest land from‘the‘public‘
étaﬁdpoiht. - | |

A problem -may'arisé, however, with respeét ~to the
‘feasibility of iﬁposing enviropmental charges én éhbéiétence
farmér# whose minimal césh incéme}: if any, would maké such’
policy tool'unimplementable. ‘It=may even be argued,' thétl
sgbsidiésf may be a mofe'effeétive incentive for encouraginé

74

's0il conservation at least in the short-run.

9 - : _
See Baumol and Oates (1975) for a discussion of taxes
versus subsidies as environmental policy tools.
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‘More importantly, the end result of a stable shifting
of fields still \impliéé that tbe:e é?é pefiods during
roté;ibns .when'-an upland area is under fallow and cannot
providé subsistence. For those who rely .on ﬁhe Qﬁlands_és a
major- séﬁrce of liveliﬁood; this implies the need for a
large'ﬂéfea_of iand to.be-worked.out, _1/n§g of aﬁ areé at a
timé~ for. a ‘rotation = period . of | | n - years.
Moreover, vWLphin_a'givéh year duriﬁngthh land is cropped,
‘there~ is ‘én‘ oﬁfffarming;season v(dry months) when 'food-
_fequirementS‘ need ﬁo ‘be met,  ' eithé? ‘thrdugh su;plus
pro&uctién (implyiné_'again}- wofking onAa'lafge 'tracﬁ of
land), éri'through ~other food sources such ”as';huntihg,
fishing,:énd:thé like. That is, given a iaﬁd*use.teqhﬁbldgy
ihat, has_ detrimeﬁtal éffegts pn soil'cohservatipn,.and _;s
1aﬁd;extenéive, the .potential.-fof ‘supborting .a growing:
pépﬁlation is SeVerelyplimited.  Thereforé,. there is a éaée
'fér Vdeveloping.a moreiefficiént, -land—saQiﬁg!.-less soil—.
erosiye-type’of_téchnolody for broducing ﬂon-timber éropé-in

the uplands.

The discussion thus points out the need for securing
rights to:uée uplénd.résourcéS“fof égricultutal -use, and
éncéﬁragement  of élterhative.techﬁblpgiés which are'éoil—
cOﬁserving.”-The Case’for_agro-foféstry, éubsidieshfor‘soii—-
éonséfviﬁg uplgnd'fafmers, control’ of upland resource uge
 énq,3weil—definéd ‘rights‘for,sﬁch use ‘cannot theréfqre be

‘overemphasized.



B _BIB-LlOGRAP'HY

Aguilar, F., Jr. “5001al Forestry for Upland Development Lessons

' from Four Case Studies.” Final Report submitted to ‘the

- Bureau of Forest Development by the Institute of . Philippine
Culture, Ateneo de Manlla Unlver51ty, Quezon Clty, 1982.

Baumol, pw; T :and w., : Oates. . The Theory of Env1ronmental
- "Policy. 'Englewood Cllffs, New Jersey, Prentlce—Hall, 1975.

_Cadellna," R. V. ""Food- Management Under Scarce - Resources by
Philippine Marginal Agriculturists: Technologtcal Pluralism
Towards National Building." Phlllpplne Economlc Journal, 20
(1), 1981. \ S _ Co

Clark,  C. W. . "“The Economics of Overexploitation.” ' Science,
181 630 634 August 1973. o s

Conklin, B H. "Hanunoo | Agrlculture. ~Food- and Agrlculture_

Organlzatlon (FAQ) Forestry Development Paper No. 12. Rome,
1957. '

Corpuz, . E. "A Comparatlve Economic Study of Tradltlonal Kaingin,
Modified Cropping Patterns -~and “Tree Farming ~in . Mt.
Makiling." - Unpublished, ‘M.. S. Thesis,. University of the
Phlllpplnes at Los Banos, College, Laguna, 1984. '

Cruz,vM.~ fc;j I"Populatlon :Pressure, . Mlgratlon and Markets.
- Implications  for Upland Development." Philippine Institute
for Development Studies Worklng Paper 84~ 05. :

Cruz, W. " D.- "Technlcal and Instltutlonal Charge in Renewable
Resource Development (with ~ Application for Traditional
Flsherles." Unpublished : Ph, D. Dissertation, Univeristy of
W1scon31n—Mad1son, 1982 ‘ L . o

Delos Angeles,' M. S. "Economlc Analy51s of Resource Conservatlon

by Upland Farmers in the: Philippines."  Ph.D. (Econ.)
Thesis, School of Economlcs University of the ‘Philippines,

1986.

Eckholm, E. ~P. Losing Ground: Environmental Stress and Food
Prospects. New York: W. W. Norton & Co. 1976.;

Howe, C;-'TW;;-'NatUral Resouroe Economlcs, Issues, Analy51s, _and-
' Pollcy -John Wlley and Sons, Inc;, 1979.




34

‘Kamien, M. - I. and N. L. Schwartz. “Dynamic Optlmlzatlon. The
: Calculus of Variations and Optimal Control, in Economics and
Management." Series Volume 4 in Dynamic Economics: Theory

‘and Application, Edited by Maurice  Wilkinson, North

~ Holland, 1981. g '

‘Pelzer, K. J. "Man's Role in changing the Landscape of Southeast
Asia," The Journal of Asian Studies, 27 (2), 1968.

Rice, D. "Upland Agricultural Development in the Philippines: An
Apalysis and a Report on the Kalahan Programs." Adaptive
Strategies and Change in Philippine Sw1dgpn based Societies,
Edited by, H. Olofson, - Forest Research Instltute, College,
Laguna, 1981, - :

Samuelson, P. A. "Economics of Forestry in an Evolving Society.”
Economic Inquiry, 14 (4): 466-492, DecemHer 1976.

Sanchez, P, A; Properties of Soil ManageMent in the Tropics.
John Wiley and Sons, 1976.

Lynch, Q.J., Jr. “Phlllpplne- Law and Upland Tenure,' in
Fuijisaka, S., P. Sajise, 'and R. A. del Castillo, Man,
‘Agriculture and the Tropical Forest, Wiprock International
Institute for Agricultural Development. Bangkok. Thailand,
1986. . .




APPENDIX

MATHEMATICAL ANNEX

Optimum Agricultural Use of Forest Lands Soil
Conserving Technology (Agroforestry) Unknown

Given the following first three “equations for the
agricultural production, - function (1), agricultural demand
function (2), and social benefits from agricultural products

and environmental services from resource stocks:

(1) o(t) = al[L(t), 8(t),t]
and %Ii% . asgzig)’ "> gf;g <0
(2) p(t) = D (0(tL, ¢
(3) sB(r) = 20 DIncey, tlan +E [S()], A% > 0

Net benefits from resource use is maximized as follows:

I 15 o -
(4 Max Jo [/ )D[n(t),' t] dn + E [S(t)*- wL(t)']le.rtdt

0
L) -

s.t. S(t) =S(0) - a - J_'g o(T)dr

S(t) 20

From the first constraint of equation (4), we obtain:

(5) S(t) = =-a_. Q(t)
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" Using . (4) and (5) the following current - value

Hamiltbnian may be formed:

(6) f =2®p,e) dan + B [S®) - WL(B)] - a - u®)o(t)

where u(t) is the current value multiplier associated with
equation (5), and is equal toie .

30 (t) dEls(t)] . ds(t), .- 3Q(t)

(7)) &
T T CPR®M e YEe  @e T E®
30(t)

-w?a.u(t') "W

Or{'substituting (2) gives; .
aH Q(y) . dE[S(t)]-  4as(v) . 30(t)
T PM o nm t TEm . 0 delm o 3LE)
L —w = oa. ult) Q8 : S

L AL(t) ‘ o

Séttin- h_éﬁ_ﬂ: Z and dividing b (L) we

: _ g‘.aL(t) B °_ ’ vicing BY aL(v) >0,
obtéin:

(e alf SE(S(E)] | 8508 .y 4 . u(r) 50

ey
au(cy ~ P8 Tt Tagtey o dqm

Thus, we have basic condition, 1 as:

(9) oie) = _ 4B(S(E as(t) . W _ | TS
(9) p(t) —_EﬁéT%TD "EETF%: + -ﬁ@TET * a e

Qr

AL (L)

The  second basic condition may be sbé  obtained by

differentiating as follows:



(10) u(t) = © . ue) - 3H
- S EXCEE
’ -0 GE[S (t))
= r .l - LD[Q(t), 0 e T mse
o | %0 |
° '.U(-t_)' c aS(_t)]

Again, us1ng (2)-and redrranglng'
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. -dE[S(t)q | |
BE® . | S
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Thus, the second baSic coddition is¢
. S,

L n T ¢! dE[S(t)] -
(11) u(t) + Ip(t) = a . u(t)] 5s@r* ~a&s® r“‘t)

_Fo:' the ptivatef_deCiSidh;maker'sAcasg where E[S(t)} :is

omltted as an arguménti iﬁ. (4),.AAtné‘ resuiting ‘basic

condltlons would be o |
W

(9)' B (&) = ggff—.-:” . G
S )

(11)* d0) + 1B -a . G0)] PG =2 . Gy

Further, Wheh “the S(t) is excluded as a>constraint by the
brivate- 1ndiv1dual who ‘has not property rxghts un have  the

correspondlng basic condltlons as f.ollcmss.w
W

(9)" p= 0
CoL(t)

(11)"  u(t) = & . G()
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