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ABSTRACT

Village leaders in the Chinese reform economy are assumed to
maximize a multiple-attribute utility function; their behavior is
modeled in a dynamic control framework. Using village data, structural
and control equations for industrial output, grain yields, capital, non-
farm employment and hybrid rice are estimated. Results confirm
hypotheses that village leaders are preoccupied with rural
inﬁustiialization but are also concerned about maintaining high

agricultural productivity to meet grain obligatioms.
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Control in a Dynamic Economy

Modellng the Behavior of the Chinese Village Leader

Introduction

Ec;ﬁomic reforﬁ in China has changed tﬁe face of the rural economy,
stlmulating both rapid growth in agriculture and a broadenlng of the scope of
economic act1vity Graln productlon rose at almost 5% per year from 1979
through 1984 /the value of gross agricultural product (GAP) lncreased at an
even greater annual rate 8% (iéN&NJ 1986”: 1988) Grawth in the ru;al
lndustrial sector since the reforms has ‘been eVen more dramatic In the late
1970'5, rural industrial output was less than 103 of gross rural product. It
now constitutes over half the economic activxty of rural areas (ZGNCNJ, 1988).

The e#fansion of agricultural output during thi§ period was due in part
to the adoption of agricultural technology, chariges in pricing policies and
input supply,.and, most impértantly; due to maior ;nstitutional adjustments
(Wiens, 1987 Lin, 1987) In,canjunction with the decollectlvization of
agriculture the incentive system was redesigned to encourage‘rural people to
dzverslfy ag;iEultural production and expand rural industrial activities.

In the past several years, however, growth in parts of the rural sector

has slowed. Grain preduction has never recovered to the record levels of

1984, Between 1985 and 1988 the growth in GAP continued, but at only half the

annual rate of the first half of the decade High-level administrators blame

the faltering in the rural economy on the inability to effectively implement
policies at the local level (0i, 1988). Leaders do not have experlence in

dealing with the contradictions implicit in a dualistic system (i.e.

administrative and market). Moreover, there is no model with which policy




makers can analyze the new géiéti;nshiggféhét havé geeﬁ established between
the village leadéis and farmefé, the fﬁﬁdé;ental écoﬁomic actors im rural
areas (Nee and Young, 1989; Shue, 1989).

Chinese and Western economists have addressed this emerging prablem of
control. Johnson (1989), Slcular (1988), Stone (1988), Su (1989), Taylor
(19§8fqéﬁd Liﬁ, Yao and ﬁén (igéé) point to many unintended cnnsequences>6f
new pricingvbdiiéies and experiments in mérﬁéts fgr‘feétilizer, labor aﬁ& x
'1and Lln (1989) also attrlbutes recent problems in China’'s agrlcultural
7}sc1ence and technology system to the reforms‘ These studles hQWever \
:gener.;lly concentrate on anly cme ox ét most se-varal aspects of the problem. ‘
Data Iimltations and restricted access to rural areas have precluded any
previous ‘efforts to provide a multi- d1mens1ona1 model which could be used to
anélyze:ﬁicfoecohomié activity in China'é~réform ecdnoﬁ? |

The purpcse ‘of thls paper is to provide a comprehensxﬁe ‘integrated
framework to analyze the behav1or of v1llage leaders and farmers in Cﬁiﬁérs
reform,égonggy, - dynamlc optimal control model will be used to d&scrlbe and
quantifyuéﬁéLrelationships among the economic ;ctors. VLllage leaders are
assumedzto maﬁimize a multi-attriﬁute ufility funcfion subject to éé?tain
structural and endowment constraihts and only limited coﬁ§r01 over the
behavier of Vfia(ji:)mers. The theoretical model is éét"iinatéé ;}npiricﬁlly‘\;ﬁing a
unique géf of pooled tiﬁé:series, crOSSoseetio; villageidété géilé;ted during

15 months of field work in Central China.

The Viliage'beéiéibn'FtRQQWQEE

Although‘villagé”ie;&érs face administrative restrictions from higher

levels of government, extensive personal interviews clearly revealed that



villagg\lg;dersAggg»farmergia:e)impox;anﬁlecoapmie actors. in rural China. By
far the most important role of village leaders ihﬁ;hé‘1986}s is as economic
managers., As seen in figure 1, they are responsible feor operations to varying
degrees in both agricu;tuié‘and viilagé induétfies, Village leaders make
decisions to achieve their goals subject to factor endowment limitations and
rigidities caused by the structure of tﬁéueconomy | Tﬂéy have subsé;ntial, but
not complete, control over farmers’ production decisions and labor allocation.
Thus, to accomplish village object1ves village leaders must work to affect
the. behavxor of farmers dzrectly or 1nd1rect1y, and attempt to“;ntzclpate

farmer response ta policy changes and econcmic condltzans 1n emerglng'markets

Agricultute ‘ In agr1cul>xr,,vv11lage leaders have d1rect controi over
man} prodﬁction dec1sions. In the ailocation of land they make both 1ong-term
allocations of land among villagg households and yearly crop and varietal
seggction decisions. Farmers, on the othsréhand, aré'primarily responsible
fo: allocating labor betWeen agricultural enterprises .and non-farm economlc
vggr;yigigs Furthermore most eurrent znputs (e. g N fertrlxzer farm -
chémicalgg séed plastxc sheeting, fuels egp.) must be purchased and applied
by the farmer using the farmer's own operating capital.

Villaée leaders, however, can influerice both labor and current-input
usage dixectly,gnd indirectly. They can requirg farmers te,perf?rmvuﬁ to 15
days of free "obligation" labor per year -- to be used not onlf to maintain
agricultural infrastructure, but also for other activities such as building
structures to be used for village industries. They can also establish rules
involving minimum levels of application of certain inputs or affect

application levels by providing inputs at subsidized prices. Some leaders
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spend a great deal of time finding and procuring inputs that are in critically

One of the most effectlve tools that v111age 1eaders use to control
their lécal economies is agrlcultural technology. In partlcular each year
leaders must decide what proportions of their flelds are to be sown wlth

hybrld rlce, conventxonal rice varieties and other cash crops Hybrld rice

varieties, while hlgher yielding, require more labor fertxlizer and
inéectiéides, as well as better water contrnl and overall management Tﬁergw
is a éiﬁ#; §£ £grmers who wgulﬁ«ta;her«ncphcﬁlggvat€ a raceibrqp(thaé requires
mﬁfé:fﬁféﬁéi§éius§tdf;i;ggi‘a;dﬁéggit;i; {ééde£; rec;égiée ghe)gtgdeo§f$¢_v
betWeeﬁ3hyﬁfié;fand canvantiﬁﬁél modern ;érieties.

Despi}e their substantiél power, village leaders must operate within
administrative restrictions, the most important of vhich is a marketed surplus
contract through which they commit the viliége to suppi} certéin amounts of
grain, oilseed and fiber product to the state marketing system. The prices
for these products are low, especially relative to the free market prlces that
exist for some crops. In return villages receive an allocation of nltrogen
fertilizer,:diesel fuel and credit at subsidized prices. When coupled with
restrictions ﬁha£ discourage or ﬁrehibit grain sales back to villages, these
"obligation" leveléuéf‘productibn can be very hiéﬁ and are ofteﬁ a real burden
to the village. d

The emphasis on rural industry intensifies the competingﬂdemand; fqr
scarce village gescurces. Village fields are often diverted from "obligation”
crops to higher value cash crops to be uged by rural industry direectly as

inputs or as a source of investment capital. This places a premium on



'1ncre351ng yields on the remalning graln land and hlghllghts the important
linkages between the tw0‘majer sectors of the rural economy

Tndustry' Altheugh the agxicultural sector is an indispensable part of

focused on rural 1ndustry for vxllage development Rural xndustrles generally

government However thefe can still be sﬁbstantial impedlments to lndustrial

growth Far m&ny xndustries, lgcatlng and malntaining raw material supplles

',are the mast frequeﬁ£1§ enaouﬁiéféd an&aserious Operational problems In the
early years of bperatxon éfgew zndustry eften depends on 1ts own v1113ge s
agricultural resources for some portlon of the requzred raw materlals ot as a
source of capital Thus, agricultural restfictlons and quota burdens
1ndmrect1y impinge on 1ndustr1a1 behavior

Fu%thermore, factor matkets for labor andicapital for industry are also

seribusly iimited.“ The lack of a labor mark&t‘has'made village 1ea§§r§

manopsonlsts slnce they can set wage rates within certain 11m1ts “Loané are

ratloned/by higher-leVel adminlstrators. These loans are formally granted
either as seéd capital for mew factories, or for coverzng short-term
operational needs. Vlllage 1eaders understand the funglblllty of these cash

infusions’ and admit that scarce capital is often used to meet both fixed and

operating capital requirements.

In the absence of grants from,official channels capital is often

limited by sources of v1llage funds Major sources of funds are: (1)

1nvestment by farm famllles of the same v1ll&ge (2) funds coaxed from private
entrepreneurs W1th1n the village and (3) the retained earnings of the existing

enterprises. Village leaders claim that the accumulation of capital funds for




village leaders clearly4ba?e<a ngmbgr o{spogen;ially cqmpe;ing’pbjecgives:

They are motivated by both political and economic forces which further their

interests These mativations mean chat village le ”ars are doing more than

which would seem irrational under the assumptions of profit maximization, but

which are logical and consistent when viewed as actions taken by individuals
gyo are maximizing a more complicated, multiple-attribute utility function.

Iheselgoals a;g»pursued Fhrough/mgasures,thgt are taken to shape the
ag;iﬁuktgral’anﬁﬂhon&agricultﬂrgl ségtgfs o£:§he'€i%;ggé. For example,
acﬁieviﬁg high agricultural productivity in grain production will boost the
status of a village leader and can provide oppqrtuq;tigs for leaders/to_be:
promoted into theA§pa§e/agricu1tuga1 hierarchy. Raising grain yields,
however, ;eguirgs resources apg cyuid ¢conflict wi;h,gﬁforts to accumulate
capital and mobilize labor for,;nYestment in yil;aga,industries. Leaders
as a means to suéplemen; their ownxincgmes,

The levels of grain yields themselves are objectives to be pursued by
village leaders; the same is true for hybrid rice adoption. Most village

leaders know the level of adoption of hybrid rice for most every other village



,,,,,

in the‘toéﬁgﬁiﬁf The village ‘leaders within the tcwnshlp who are 1dent1f1ed
as the "best" agricultural ‘leaders invariably ‘have both the hlghest ylelés and
the highest Ievel of hybrxd adaption ) Furthermore, they admlt that’ there is

frequently pressure applled by township and county 1eaders for 1ncreaslng the

leveifﬁf'hyb%f&”fiée'é&optianf” Téénshiﬁ léa&éfs“ﬁiew higﬁﬂféﬁééidf'gﬁbrid

»wiﬁﬁa@%liégeﬁléﬁdérs,'@Bé’@oﬁt iﬁportant‘goals are relacedfto>pr6motmpﬂ)
peféonal profit, stitis, power, job security, independence and the altruistic
commitment to theif constituents. There also séems to be géneral agreement
that these gbéls are'pursué&/throughgfﬁé;folidﬁinguéc&nomic'ﬁéésurés:J
industrial profits, grain yiélds,rinVestmentiih Qiliégé enterprises, non-farm
employment opportunltles and technologlcal progress in agrlculture not all of

whlch are affcrded the same ‘level of’xmportance

*fpiricéf Sbécificatibn

The Theoretical Model: The above characterization of the goals and
objectives of village leaders is consistent éith the concéptual approach
popularized by Kirshen and Morrisens (1973), in which goals of leaders are
acﬁieved“tﬁréﬁgh’a set of economic measures. To dﬁantify the importaﬁce of
the set of economic measures or object{§%§,<5nd to further understand the
behavior of rural economic agents, this section outlines a mbéelAhonsi;tént
with this approach. Stated differently, village leaders are assumed to be

maximizing a multi-dimensional objective function over time by controlling the



processes in the rural economy affecting-the variables which contribute to-
utility. It is proposed that the behavior of the village leaders can be
described by a dynamic-optimal control model (Bertsekas, 1976). In matrix

notation, the village leader maximizes a utility function,

-+
(1) max V- = E{ T B(w'X, + X' 0OK,)
t=l )
Ut
subject to:
2y Ry = A%y + CU, + b + ¢

where:

ﬁ? ce o g discéuntgtate{

{1 and wy = matrices of weights;

X, = a vector of state variables;

U, = a vector of control variables;

g, = a vector of error-terms; and

A, Cand b = matrices of structural parameters.
By assuming that the functional form of the objective function is quadratic,
and that the structural constraints are linear, when equation (1) is maximized
subject to equation (2), the optimal levels of the control variables are
linear functions of the lagged state variables:
(3) U = GXeey + g
where G and g, the behavioral coefficients, are functions of the parameters of
(1) and (2).

The Empirical Specification: The specifications of -equations (1) and
(2) used in the application of the model to village leaders in Céntral China
are given in table 1, along with the definitions of the variables. ' The
village environment is described by the set of nine structural eguations for

industrial profitsg, grain yields, capital, investment, non-agricultural labor,



Table.l. . Empirical Spec ifi;ré”a:ﬁri‘éfrf:-‘ofc'?th;édVill%?ge Léé#éﬁf‘I:Mé&éli

e
(4) . -max E(V) - BB oy iy + w0yt wiGy WG T ST T e
| t-‘l
Ty, it.! hg, I Y <
+ wiky + w2 + wyLy + wgly?
£, W, ¢
+ wghy + woh,? + interactive  terms )}
subject to:

CB) m = ap vy booply +oagw Kerp + asPeg + &5y

+ T

(8 G"« " B+ ‘Blh“ +,32ft + pacy
O K= Kt
€8) Ic - B+ Byw,  + az’*’va + 33%—1 + '34Pt~ +a5gt‘1 + g5y
() Ly = 74 + 7ry + 71oi, + 7r3hy + 'r,,wt +. 15Pb 1 +),Té0,=t-1~44 &4
(10) by = pg + pilaeg + p3Gey + pace AP PaPt 1 ""Pgﬁc-;‘; Est,
Q1) P, = A + APy + e o
(12) -Op = pg + p10¢1 + €7y

St egy

STATE VARIABLES: CONTROL VARIABLES
Ty = pfofits, va.llage Yy = - output (revenue),
indu)tries v1llage industries

Gy = grain yields iy = 1n,vestment in capltal
R VU . plant

Ky = capital in

rural industries h, = proportion hybrid rice area

Ly = off-farm employment . £, = fertiltizer supplied
hy = proportion hybrid rice area w, = village industry wage

P, = industrial-ag price ratio cy.=- . cash crop.-area -

0, = marketed surplus. obligation .

B, = loans to village industries

10




hybrid rice area, prices, the grain abligation and 1oans xn the Chinese

village. Since equation (7Y is an identity, equatlon (8) can be substituted )
into (?) for eséiﬁatlon Of the remaining eight equataons the flrst five can
be con51dered “endogenousv béégvbecause the state variables of these equations
appear in the objectlve functlon and because actions taken xn the local
economy affect the1£ 1evels The following discuss;on brlefly reviews the
speclflcatien of each equétlnn, and hlghlights some of the important and 1ess
obv;ous expe;tations »

Equatlon (5) descrlbes the proces; whi¢h the vzllage uses ‘to create
industrial profits The level of industrial output (rh) and eapltal (Ktx)
wuuld be expected»to posztively affect profits Although~phgrgvare costs
asSOC1ated with inVestment (1t), the additlon to the current capital base
should be expected to add to current profitability. The wage rate of the
village in&ﬁ;triélﬂgector (W;S is included in the equation because village
leaders have monopsonistic powe; in settiﬁg.wages; itg sign in the equation
shguld’be,ﬁegativéibagausé,gs,wégé rate$.i§grease;jlg;§'§f~the earnings are
ret;ined by the villagé as profits. Since klexibiiity in deci;iqﬁ making is
greater in the industrial sector than it is in agrlculture, it is reasonable
to expect that some measure of industrial prices relatlve to agricultural
prices (Py.;) would be,positivelyArelated to 1n¢q;trial profits.

In eqﬁatgég €6), villag; leaders are hypéthesized to influence grain
yields by Va;ietal selection ;5d by the allocation of subsidized inputs By
choosing a hlgher proportion of the grain area to be sown to hybrid rice (h),
the new higher- ylelding, agrxcultural technology, graln yields would be

expected to increase. Similarly, when leaders increase the amount of nitrogen

fertilizer (f,) available to village farmers, at least part of the additional

11




incrementvwbuld)he expeeted to be‘éééiiéa to gtein“craps. ﬁow;Ver it’tﬁe '
area sown to cash crops (ct) is increased, resources can be expected to be‘
dlverted to these crops away from grain) with an adverse effect on.graln
yields. Finally, both village leaders and farmers can be expected to adjust
grain yields in response to changes in the price of agricultural goods

relative;tb that of industrial prodﬁcts (Pva)» But the direction of the

change in the local Chlnese econvmy is ambiguous Left on their own, farmers
would increase yields in response to a rise in agrlcultural pr1cas (i e., a

.1}‘

Wzth rlslng 1ndustrial prlces however vzllage 1eaders

deegease in~P~
might”ﬁéfiﬁ.& jd to push for higher gra1n ylelﬁs to ‘be shle to devote even
morée 1and resoutces to cash crops that may be a supply of add1t16nal raw
materials for their factories.

Eftetmsugstitﬁting/equation Za):iﬁto equatien (7), capital becomee a
function of wé@éé lagged profits lagged non-agricultural labor, lagged
prlces and loans obtained from flnancial instltutions, the prlnc1pa1
contributors to tﬁekcurrent stock of capital Laans (Bt) shauld be expected
to be an important positive factor in the increases to capital stock. The
sign on the coefficient of the wage variable (w;), however, is ambiguous. On
the one hand, the wage vatiable is included since higher wages may increase
the potential for biliege leaders to en;eurage employee investment in(locel
industryf On the other hand, higﬂet(wages also reauce retained earnings

available for future investment from village tesources. The signs on the

and price variables are simllarly 1ndeterm1nate Higher profits
and prices in the prev1ous year (“t1 and Ptl) would increase retained
earnings and facilitate investment in the current year. When strong markets

for industrial goods lead to increased profits and prices, however, the demand

12



for operatlng capltal rzses also possibly for01ng flrms in Chlna s capital
shorg ;;onomy to postpone fixed investment Flnally, labor in the previoust
year)(LV¢) is lncluded because some proportion of non- agrlcultural labor 1s
often commltted to censtructing physical plant whlch becomes part of the
capital stock in the subsequent year Tatal non-agrlcultural employment is
used because thevproportion of labor devoted to capltal construction 1s not
available in the data |

Equation (9), the non- agrlcultutal labor equatlon reflects the _.

allecatlon of the village labor supply betWeen the non- agrlcultural and

agricultural sectcrs . Industrlal actlvxty (rt) would be expected to‘lncrease
the flow of 1abor into the”non &gricultural sector. Likewise, the
coefficients of the wage variable (w.) and the price index (P,.y) should both
be positive, since higher off-farm wages should pull farmers out of
~agriculture and lower agricultural prices, ceteris pgrihqs, should push them
_inté ;he non-farm sector. The adoption of new\rice technalogy (hy), which
41nareases the returns to cropping act1v1ties bowévép, would stem the flow of
labor into theynon agricultural sector For a given level of industrial
activity, the investment variable (ib) would be expec;ed to have a negative
sigﬁ'if ia;or and capital are substitutes. Only the coefficiént on the
village's markg;ed surplus obligation (0;.;) variable is ambiguous. On the
one hand, the higher ﬁinimum grain constraint means that the household must
devote more resources to agriculture. On the other hand, as,phe quota
increases, and farmers~are required to sell more grain at a below market
price, agricultural households have an incentive to supply(mo:e labor to the

non-farm sector.

13



EQuation {10) explains the adoption rate of new agrlcultural technoleg§“
Vlllage leaders set the proportion of grain area sown to hybrld rice at the
beginnlng of 2 cropplng cycle by observing the grain ylelds (th) and labor
aVailabillty (Ltq) durlng the previous year. Leaders m1ght be expected to
respond to low agrlculédtal y1e1ds in the previous perlod by 1ncrea51ng hybred
rice area in the current period. Conversely, hlgh 1eve1s of employment in the
non-agricultural sector are likely to work against the adoptlon of hybtid ’

ricé. . When® feced Wlth h1gher &ellvery obligations fcr graxn (Gfg) village

requirement by inereasxng.the propertlen of area,sewn to hzgher ylelding
hybrid rice varieties. Flnally, 1abor intensive cash crops (cy) would also be
expected to exert pressure on village leaders to move into less 1abor
intensive ride varieties.

Eqﬁétiuns (1D tﬁredgh (13) are the eiueéions of motions ie the eeonoéyj)
for the/p?;ce, total obligation and loan Qariables;'they are included for
comﬁieﬁéﬁeésgbjlt’ie’éssumed,thét tﬁésefﬁe;iébles are\genefgted éhgbugh |
processes determined by factors exogeeous to the Qillage At thls p01nt the
interest is centered mainly ‘on how these variables affect the five other state
variables. )

)ﬁétiﬁatidn: “The dynamic ‘control model for equatlons (1) through (3)
contains three sets of parameters to be estlmated--the parameters of the
structural equations (A and C}, the‘paraﬁetefs of the control equations (G),

and the objective function coefficients (f)y. These parameters, however, are

not 1ndepen&ent (Fulton and Karp 1989) Iﬁtﬁftiﬁeiy, if any two sets are
known, the third set should be recoverable. In the most typical application

of the quadratic-linear control problem, the weights of the objective function

14



are assumed, structural gqgggz;g_iar}tgv are estimated or borrowed, and parameters
of the control equatiéns are derived through algebraic manipulation.

In this application, it is difficult even to guess at the relative
magnitudes of the weights of the different variables in the objective function
of ghq u;ilitwapnctiqq)of the village leader... Fellowing. Chow (1983) and

Fulton and Karp (1989), the overall strategy of this research is to estimate.

Esiimatibn of\tﬁe tﬁifd‘sép, thgywéightg;‘is;ahpéﬁg of the -senior author’s
Ph.D. research which is yet to be completed. .
In the structural equations all but one of the right-hand-side variables

are exogenous or lagged endogenous.variables. To account for statistical

probléms arising from hgviﬁgithe hybrid rice variable om the right-hand side,
:predieted values of hybrid rice sown area from am Ordinary Least Squares (OLS)
aestiﬁ?;e‘bfquQatiqh.(10) were ué&d‘gs instruments in equations gﬁ)'épd (9);
To pick'ﬁp differences in the depéﬂﬂent variables between vili;ggsAthat might
arise from ﬁnobserva@lg factors, thg}sygtgg)of equations was estimated with
dummy variables for each of the villages.

From equation (3) there are six control equations to beé estimated in
this application. Each control variable is a. function of all but one of the
stateAvgtiables, lagged one period. Hybrid rice is.not included as an
independent variable in the contrel egga;iqns,simge it did not appear in a
lagged form in the structural equations. The parameters of the control
equations, G, are also estimated by OLS with village dummies im each equation

to account for inter-village differences in the management decision making

15



process that fmight arise die to differences in village-specific factors and

different management abilities.

The -Data

‘Six years of data (1983 through 1988) from a village survey conducted by
the-author during 15 months of field work in Central China were used in
estimating the model.: The data included informatfon on agricultural
proéuetiﬁn,?iﬁvestmeﬁt* ﬁbﬁ-f&fﬁﬁaétiv{tiéﬁ}‘éredit prices and teéﬁndlogy

nadgﬁtién The data comé primarlly frﬁm recerds kept by the acc0untant in each
v1113ge anﬂ from: account badks ‘gnd fecords kept by fhé»treasurer in each
Vlll:&g&:‘ruﬁ factory. Supplementary ‘dat:-'a wefre :recorded from ’Sec-oﬁﬁar'y sources .
at the township level.

Data were collected from 40 villapes chosen randomly from more than 100
villages “in three townshlips of Jiangsu province.” This province, located on
the ‘lower reaches of the Yangtze River Valley, is in a densely populated
regient whlch has a well developed agrlcultural 1ﬁfrastructure and & rapldly
developing’ rural industrial-base. Thé villages are located in northern
Yangzhou prefecture-and-were selected to be in the same agro-climatic
enviromment.

The villages are in a region which is'still predominantly agricultural,
has a high proportion of land sown to6 grain, and has a mixtare of new and
conventional modern rice varieties. The average ircome of rural residefits in
the villages. is slightly below the average of the province, but significantly
higher than the average for all of rural ‘China.. Theé villages, however, have
higher per capita agricéultural output and marketing rates than the provincial

average. These facts reflect thé historic importance of agriculture in the
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region, even though the growth rates of rural industry in the late 1980"s.are:

among the highest in the province (JSTJJJNJ, 1988). Summary statistics for

the first and last yééiéhéfﬁthe time series arqiigﬁagﬁedyiﬁ'téble 2.

Industrial prices were typically those which were actually faced by the

leaders in each of the villages themselves. 1In the event prices were not

reported by the village, then they.were recovered by a variety of methods,
including (1) creating prices by dividing factory output into gxoss—reﬁeﬁue;
(2) usingiprices freg the nearest village with a factory in- the same . . . .
industrial category; or (3) using prices from the toﬁnﬁhip_fécté&y iﬁlth; same
industrial category. Villagg agticuléural prices were assumed to be identical
within tuwnéhiés; but varied over time aﬁﬁ:between*tﬁe three towﬁshfps.
Commodity prices for the six major grain and cash crops were aggregated into a
single agricultural price index. All prices were deflated by an index

constructed from county-level prodhcer data.

: The estimated coeffici;nts (except for the village dummy variables) for
the structural and control equations are in tables 3 and 4, respectively
(table 4 appears later in this section). These results are somewhat
preliminary and will be refined as the senior author’s thesis research
progresses. However, for the most part, these parameter estimates are
reasonable and are of the expected sign.

The Structural Equations: From the village leader’s standpeint the

structural equations are perhaps the most importamt. They relate:the:

variables over which leaders have some control to the important economic -

outcomes. Turning first to the industrial profit equation, these results
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T 198 " jo8& _ :
Variable _ Mean Standard = Mean . Standard Percent Change
ST e N " 'Deéviation " 1984 to 1988

" peviatfon

x, Profits 12000 29000 36000 55000 +300
(yuany © - F “

G, Crain o818 153 SRR 10 B 161" -2
Yields
(Jin/ma) -

K, Capital s - 19000 36000° 47000 53000 - +247
. éyuah) ),v- L o - ) )

L, Nom-Ag Labor - - 88 ~ 59 - Y139 go 4150

Ty Intiustrial 39000 66000 157000 1.80000 +400
Revenues- 8 2

(yuan)v

h, Hybrid 665 401 510 400 - 23
Rice Area e

{mu)

£, Fertilizer 22 10 " 24 o1z + 9
(tons, NY A

w, Industrial - 77 42 97 - 61 + 26
(¥/month)

c, Cash Crop - 190, - 134" 260 160 + 37
Area (mu)

P, Industrial-Ag 863 1213 761 1083 - 12
Price Ratio S

0, Obligations 14053 88535 13600 85722 -3
(10,0600 Finy- 3 B s .

B, Loans (Yuan) 2500 7000 2000 10800 - 20

Constant 1980 Yuan: I Yuan = $3.71 US; I\mqull/é'aéfe = 1/15 hectare;
1 jin = 1.1 1bs. = 1/2 kilogram
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generally support the original hypotheses, each of the coefficients has the
expected sign and, except for the wage variable, the standard deviation of
each coefficient is small relative-to thé ﬁégnitude of the coefficient.
Increases in industrial output and;the viliage industry’'s fixed éapital both
lead to higher profits, as expected. = If there’'is a cost to in§e§t§ént, the
increase in profits due to the expansionAoflthe capital base of %iilage
enterprise more than offsets it. &15?, as indéstrial prices ri%& ;elatiVe to
agricultural prices, village in@qséries do. become more prgﬁitablé,
Conversely, an. increase in the industrial wagé rate leads %qiaféédpdfién in
prqfit leéélé‘Bedause of its adverse effect on retained earnings. /

?rom“t§e>grain'yie1d e§Uatibn¥ it appears that village leaders do try to
control grain yield by requiring farmers to planﬁ)a larger proportion of grain
area to hybrid rice. Increases in fertilizer supply;are also important in
explaining g&ain yields. The magni;udé of this coefficient has interesﬁing
implications for village policy. Using the mean values of the variables, the
éaeﬁfiuient-iﬁéi&es;£hat to iﬁcrease‘the9vé#ue’cf)grain,productiég}by‘1060
yuan at the margin reqﬁires 2000 yuan of additional fertilizer at curgént
prices. While this result appears economically irraticmal, it is important to
remember that farmers are diverting some of. the fertilizer to crops other than
grain. Vin\tﬁié sense the value of the fertilizer is hn&erestimaﬁeé. The
empirieal result, however, is also consistent with the status aff@fdéd village
leaders whpsé villages have high grain yields, and it also refiects the
leaders’ céncern for meeting grain quotas.

The sign on the cogfficient of the price variable is also positive,
although its standard e%rér isléoméﬁhat large relatiﬁe to ?he magnitude of the

coefficient. The positive sign indicates that even when facing declining
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relative agricultural prices, village grain yields continue to rise.
Apparently, village leaders havé effectively used adﬁiﬁistrative means to
encourage farmeérs to sustain agricultural yields \

. THé éffect on grain yields of 1ntreasing cash crop area is negagiveﬂwiés
cash crop areéa rises, farmers are likely to allocate m&fe time and current
inputs to thése ¢rops, sinde they are reiétiééiiﬁmdfe éé&fitéblét Ho&ééer,‘ﬂ
this drop is minimal (a loss of less than 1‘jin~-0.5 kg-»of gféin yi;ld for
each 10 mu converted to cash cropland), perhaps because farmers are ta61t1y
allowed\tc cultivate addltional cash crop area only on the conditzon that
their grain yields remain relatively cunstant. V R - )

“As expected ‘the - loan vaiiéble has thé mast explanatary powerlef any of
the variables in the industrial capital equation. The magnltude of the
coefficient suggésts that most loans do go for new fixed investment, and that
they often‘act as seed capital. For éaéhedollafigfgnted ;g'the villag;
énterprise leaders invest 1.38 dollars in new capital plant. The coefficient
ef the lagged non- agticultural labot variable is also posit1ve as. expected
althaugh its magnitudé is small relative to the size of its standard error.

Hypotheses regarding the effects of the remainxng variables on the level
of capital wére ambigucus. The estimates of their coeffiéieﬁts help explaln
the determinants of increase to capital plant. The negative,sigﬁs on the
lagged profit and price variables could arise in part due to the capital
shortages within the viilhge economies. These coafficients mean that when
profits and prices are high, the capital base is lowered in the subsequent
years. In an expanding econamy, retained earnings that are produced from

profitable years are not invested into capital steck, but are used as shert-

term operating capital. Conversely, the sigﬁé of the coefficients mean that
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when profits ;;A ;%igés are down, fipms wi}l begip to build up their capital
bases. These actions by villageLlegderg,iybile«ggup;e:;iptgit;ve in a
competitlve economy, are conﬁ}stent with the goals represented by the multi-
attrlbute objective func?ion. Industrial profits and capital levels both
centributé;to power; personal profip and iqyréased independence from township
leaders :ldhen prices are low ;be:e is a negativg effect on these goals
through the profit varlable During these times, village leaders can
compensate by substitutlng investment iﬁ fixed plant for lower profits. ?he
‘reduced levels of industrial operatlcns in sluggxsh markets .also decrease the. .
need for bperat;ng capital allowing SCaree capltal ‘réesources to be used.on
longer term capxtal prOJects

In the non-agrlcultgrg} 1§bor quation,)all but one of the coefficients
have‘the ;gpécééa ;ignﬁ,)altﬁouéh in some cases the standard errors are small.
relative ééﬁtﬁékr;magﬁitudes. The results confirm the hypothesis that labor
andvcapltal are substitutes in v111age industries. Furthermere the negative
sign on the hybrid rice variable illustrates the competition for labor between
labor- 1ntensxve agrlcultural technology (i.e. hybrld rice) and the non-farm
sect:or. The coefflc:{.ent implies that as v1llage leaders force farmers to
increase hybrid rice area the flow of lgbor out of the agrlgultural_sqgtor is
reduced. o

The regﬁiés were mixed on the wage, price and obligation variables. As
expected,vfiéiﬁé prices in the industrial sector and 1ower agricultural prices
do appeaf”to encourage laboryto move out of the farmlng sector. The positive
coefficient on the ob11gaticn varlabielalse means that the amount of labor
flowing to off- farm Jobs w111 increase a; officzals force villages to sell

more grain to the grain stations at below-market prices.
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The . negative coefficient un,the>wage variable in the non-agricultural

labor equation heweVer, is unexpected This variable is not significant in
any of thé%structufal eQuatieﬂs. Part of the problem may be in. the way that
the wage variable was constructed the wage biII divided by the total number
of labor-dgys. Slnce some fhctories bffer bonuses and have pfofit sharing

1ncentive'§1§ns that are considered paxt of the wage bill, the daily wagg for
some villages may be overstated Likewise the effort required éy féctories

1n dlfferént villages varles greatly; these differencas are nct accauﬁted for.

In; he final aquation, the ceefficient of the laaged Iabor v

[the flbw of lab@r out of farming in previous petiods prampts
v111age le:dersntc reduce tﬁe reiative area to- bybrid rxce ~gqﬂvergglylggh§n
the oblzgation variable and the 1ndugtrial—agr1cultura1 prmce“index increase,
the proportien of area planted to hybrid rice rises. While the eoeffiéieut on
the prlce Variable might seém wrong for the proflt maximizing agent v1llage
1eaders may raise the area sown to hybrid- fice even when agrlcultural prices

Frcm dzscussioas w1th

village leaders, 1t was’ hypothesized that low lagged grain ylelds would 1ead
to a hlgher level of current hyhrid rize area. The positive sign on;ghxs
caefficxent doeS‘not*support»this hypothesis. V

The Contrcl Equetidns In,thfé dyﬂamic-frameWGrk, the control eQuations
1dent1fy the feedback relatianships between the levels of ‘the 1agged state
varlables‘and the current control variables. - As seen in eguation (3), t&e‘
current;c§n€rol variables are functions of all of the lagged state variables
from the: structural equations. The estimated results for these equations are

found in table 4.

23



~sesoyjueard UL ei® SOTIRI-I OYL
kuuoman uoa aae mmwesﬁﬁ oy uc muﬁwa0Hmuwoo w&u Ing ‘1epow muo@uum POX1I mwmaaab ® S® PaIPHIIS 930N

, _. o S (%)
{6£°€) (e%°0) (ze'0) - (16°1) (15°0) (01" 0) (£0°0) 221y
- S ) . o1n
%200°0-  $£00°0- 210°0- . €£°0-  0T000°0- 6800°0 120000 0 ysen
“ - N ] o _ (3m)
S(v170) (60°0) (Lz°2) - (LL70) (92°0) © (¥870) (L1°0) mwmm
- ‘ " : v adepM
1 010°0-  LLO7O T A - . L Te'el- . 01070 8L L~ 1600°0- 33eTTTA
(1£°0) (21°1) (%" 0) V) (cr'1)’ (51'1) (%0°0) 1)
. o 3 o R o A1ddng

0%00000°0-  LT000°0- - 620000~ 9800°0  T10000 0~ £2000°0- ZZ000Q00 0 1921113194
(9% 0) - g 1) (L8 1) L (967€) (087 0) (6£°0) (%g°2) . wely
G . o ) o g S S 207TY

m@c.c-< TZo000'0 . - €1000°0 S €100°0- STH00000°0- - - €1000°0  ¢100000°0 - . PIIqLH
RCS D 431°0) (sz'0y we'e) o wLD . (95 0) (¥2°0) G

- : . N § o . B IUBWISSAUT

0870 . A VI 6€°T . 12°58 sy g - wgL- 110°0 TeTI35TPU]
¢’y @1O) Co(gTh0) (L6°1) - (8€°T). . 8z°0)  (6L°0) . (31)

. y , v o R, . , © andang
99711 LoesTL Coests o T87ENST %0y 20" %81 911 T¥TI3IsNpuUl
(3g) L r& () . (W) L () ° suoyzenby

. wﬁdQH .Heﬁw\u w< gz .md“sm&m.w‘ mmv.m¢HMr urean s37130a4

vmwmmq T vmwwMA M ﬁmmwmaz, nmmmmg - pa3%¥q

wmabmﬁmmAuwvmWA uwmﬂﬂmﬁ.mcuaﬂuumaﬁ suprayenby [exjuon -4 eolqe]

24




The industrial uutput equation suggests that the levels of capital and
Iabor resources in the VLIIagéwgre important determlnants of plannlng o
industrial production in the village There is also strong feedback becween
loans in the prev1ous year an&4§;¥rent production a relatxonship that mxght
be expected in a capital short economy Likewise, large profits in the
previous year appear to lead to expanded current output although it is
difficult to place much confidence in this resu1t>because the standard error
of this coeff1c1ent is 1arge relative to its magnitude, The coeffic1ent on

the Iagged price variable is also pasitiVe but because of 1ts large scandard

error it seems l1ke1y that resource availablllties ‘are more important than

The results of the investment equation support the observations made
earlier regardlng the capital equation: Loans and non- farm labor gllow
villagejiegders £6x;§pand their ioc;i industriés throuéh new invégtment. The
feedback between lagged capital and investment, however, is negative. fhe'
‘sigg ofléhis cbéféieiént is cgﬁsiﬁtent with>the éﬁsevégtion~tﬂ§t -without
loans, ma)or capital investments could be made only after small amounts of
funds had been accumulated over & perlod of several yearsy

The results from.the hybrld rlce equation support the hypothesxs that

village 1eaders strlve to maintain agrxcultural productlv1ty through the

adoption of agrlcultural technology, even under conditions that would
otherwise lead to reduced preduction levels. In partlcular, village leaders
appear to increase the proportion of land planted to hybrid rice even when
sgricultural prices fall relative to these in the industrial sector. H&grid
rice area also risesaalong ;ith profits in village industries and thé éize of

the marketing obligation. All three responses are consistent with the
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observation‘that the yield incréése;'flgm ﬁew gecﬁnol;gy féleasé 1aﬁd f&rA
reallocatlon to the productlon of cash crops or crops used as raw mate?lals in
v111age factories These fes;lfs ale reconflrmed by ;he signs on the V
coefficients for the same varlables in the cash cropwéquatlon althouéh‘the
level of coﬁflaeﬁce that can be pla;ed on the magnitude of the coefflcxents is
lower. » - ” o

Most 6fuéﬁé coeffléléﬁt; in the fertllxzer supply equatlon are ag

expected The s;gn ont the caaffic1enx Gf lagged non agricultural labor

lndicates that village 1eaders view £ertilizer as a substitute for labcr that

-has Ieft agr.fultural praductiou ) In years folloWing hxgb levels af
investment in the industrlal sector, less fertlllzer is supplled for current
productlon. d;e p;551ble explanat1on is that opefatlng capltal to purchase
fertxlizer is in short supply There also appears to be a negative feedback

relatlonship between graln vields and fertilizer Low ylelds in the prevxous

year prompt v1llage 1eaders to increase the availab111ty of fertllizer for
current production | - o

The problems in measuring the wage rate appear-to'have alsa éffected tg;
results of the control equation for village wage rates The coefflcients of
most lagged state varlables have. 1arge standard errors, maklng it dlfflcult to

place eonfldence in their 51gns or in thelt absolute magnitudes Current

wages do appear to be higher in years following high industrial pxices,

Summary and Conclusions

In this paper, a dynamic control framework is used to create an

integrated model of the village in China’s reform econemy. Village leaders

are assumed to maximize a multi-attribute utility function subject to certain
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strUctural and endowment constraints and only limited control over the

behavior of farmers The theoretical model is designed to assist policy-.

and farmers 1n rural areas. It is estimated empirically using village data.
In the emplrieal specifxcatioﬂ, vxllage 1eaders are assumed to achieve

thelr goals by selecting the levels of important agricultural and industrial

decision variables over whxch they have control NIne structural equations

‘agrxcuitural secters of the village The conttoi eQuatiens derivad from
within this frameWOrk capture the feedback relatlunships between lagged state
variables ‘and. current varlables under v111age control.

In formulating the model, information collected during intenmnsive
interviews with village leaders provided the basis for generating testable
thpotﬁeses concerning important village objectives. In the empirical
‘analysis, estimates were obtained for the parameters of the structural and
control equations.

The empirical results generally support the hypotheses implicit in the
specification of the model. It does appear that village leaders are concerned
with a number of competing objectives. The results are consistent with the
current preoccupation with industrialization in rural China. They are also
consistent with the observation that maintaining high agricultural
productivity enhances the status and promotional opportunities of village
leaders, while simultaneously reflecting concerns for meeting agricultural
grain obligations., Further evidence on the relative importance of these
objectives will be forthcoming from on-going research designed to recover the

weights assoclated with the various objectives.
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The emp1r1ca1 results are quite encouraging particularly glven the fact
that économetric analysis’ generally has had a poor track record when applied
to Chinese data. Aﬁalysts ‘often blame models based on Ln;péfopilgte econom;c
behavioral and institutional assumptious for these difficulties. The type of
modél uséd in this paper accéuﬁtscféélsome of éhévinstitutionél an&;structural

factors that a?fect’decisioﬁyméking in Cbiha‘é mixed economy. This and
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