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Estimation of Marglnal Rbks with Seemingly Unrelated Regres$ion 

and Panel Data-

G. H. Wan, W.E. Griffiths and J~ R. AJ!del:~nt 

In this paper, ,eemingly un' -elated regrellio'lll {SU.I"l} wkic.hCOnfist 

of production lunctio. 'mh c'lmpolt:d errors lor ,edwq end time 

and heteroscedastic disturbances are proposed. These juncticlTu are 

di!tinguuhed from others in that they allow the ri$'ks {indicated by 

variances} of outputs change in any direrti"n in re'porut to mput 

changes. The SUR are then appli~d in. the analysis 0/ cro,"·,e:c.tion 

time-Ienes data lor rice, wheat and maize productio.nin China." 

1 Introduction 

It is reasonable <:0 propose that changes in some inputs, e.g., ill" '!Stment in im­

proving environmental conditions, are inversely or negatively related to changes 

in risks of crop outputs. However~ a positive relationship may exist be.tween 

other inl'uts, e.g., areas sown with modern. cultivars ( Andeuon. Findlay and 

Wan 1989), and outpu\. \ iUiabiUties of agricultural crops. Just and Pope (1978) 

showed that these telation~lups cannot be correctly taken into account by the 

commonly-used fundions, no matter whdher the function is ofndditive error or 

multiplicative error and no matter whether the function is linear or nonlinear. 

For example, the widely-used Cobb-Douglas, transcendental and CES functions, 

restrict the marginal product and marginal variance to be of the same sign. nor­

mally positive. Other restrlctiotUl of these functions are detaited by Just and 

Pope (1978). 
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To relax these restrictions. modelsuith heteroseedutic msturbanceJiuebu 

(1) to (3) w:e proposed! 

r- = leX) + h{X}!t 

y ::: I(X) + heX, fl, 

y = I(X.e). 

(1) 

(~) 

(3) 

where Y a.nd X are dependent and independent variables, respectively. ~ is 

usually a. vector of random disturbance, and 1':., f repl'e~eni fttnctional {elms. 

Since equations (2) and (3) are rather too general to d;.scuss insightrulty their 

estimation, Just a.nd Pope (l918) fo~us on equation (J) and.suggest a. tour-step 

procedure for estima.ting (I), where both J and h are assumed to ~ Jog-linear 

in para.meters. Using the CoblrDouglas funetio~/. u J and h, Griffiths and 

Anderson (1982) considered an enor componer~· version of eq'~a'ion (I) and 

developed corresponding estima.tion teehniquer.. 

This pa.per presents an extension. of the Fll'Odel consid.el'ee by Griffiths and 

Anderson (.1982) into seeminglY unrelated regressions (SUR). The SUR specifi .. 

cation is ma.de in seetion 2, followed by discu$sion on an econometric estimation 

procedure in section 3. Some empirical results based on Chinese data Are pro­

vided in section 4 to illustrate the possible fo.1pe::iority or the mended model 

over more conventional ones. The paver is concluded v-ith a summary in section 

5. 

~ The nlodel 

If the.re are N cross-sectional entities over T tim~ periods, a set of .\{ nonlinear 

stochastic equa.tions of the form 
K K 

Y. - U X tJ ..... + U Xo .... m - "'I'm rnA: Em 0 mlc (4) 
k=l k=l 

can be established, where m = 1,2,···. M. Ym is the NT x 1 vector of obser· 

vaiions on the dependent variable, Em is a NT x 1 disturbance vector, Xmk is 

2 



the NT x 1 vedpr of observations on the k .. th expllLnatory 'Vafi4ble of the m-th 

¢qu&tion and cn,p~ a.repa.'a.tneterstobeestima~d, The .s;ymbols, o and II, 
denote comp.onent m.ultiplica.tion Oflllr..trices. 

Assume i = 1\ 2,,, •• t 11 and t ::: 1,2,·, . t T, let 

kmit ::; 

Hm = 
H = 

E'm = 
where 

K IIXQ 
..... mid' 

It::! 

diag(hmh hm.'J, •• " hmNT), 

diag(Hlr H'l1 "', HM), 

Z/A\J.tm + ZV\m +Vm, 

ZII = IN ®eT. 

Zl =eN®I'1'. 

(5) 

(6) 

(1) 

(8) 

(9) 

(10) 

and ® denotes the Kronecker operation; IN, 1'1' denote N x Nand 2' )( T unit 

matrices, eN t eT &Ie N x 1 and T x 1 vectors of ones. The model can then be 

written as 

K 

Ym = ;m U X!'k'" + 1£UJ.t 

1:::1 

t!~ = Hm (Z~Pm + Zllm + 11m) I 

(11) 

(12) 

where the i-th element of the vector IJ..m = fILml' #Lm2, ••• , ILmN]' and the t·tli 

element of the vector Am = {And I Am'll" • I ).mT}' represent the error components 

specific to the i-th ent;ty Md t .. ~: .. period in the m-th equation, t(;Speetively; the 

NT x 1 vC\·tor Vm = [lIml' 11m2' ••• ,11m NT]' contains the error component which 

is random over time and space for the m .. th equation. FUfth~l' I define 

Y1 r u, 
"Y1 

Y2 1£2 1'2 
't'= u= • "Y= 

YM \ uM 1M 
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and 

X -" (UK XiJu. UK XfSu UK X{JN") c - at.o.g . U t .. 2" ,"', 1.1" 1 

"=1 1=1 1;=1, 

the SUR models can be \\nttenas 

Y=Xc7+ U (13) 

Following Avery (1977) and Baltagi (1980). the thteec:omponents of u (i.e.t 

p" A and v) are, as seems reasonable. assumed to be stochastically indcp«'''!ldent 

from each other and 

Under these assumptions, it (:all be shown that 

E(Pmt JJli) = 0' llml i = i, 

=0 i ¢ i; 

E(.\mt .\,,) = cr>"ml t= .J, 

=0 t;c s; 

E(l/mit Vit,) =cr.,m' i = i &t = s, 

=0 i ¢ i or t 1- " 

or in matrix notation, 

o 

: 1 t 

O'vmlINT 

(14 

(15) 

(16) 

(17) 

where i, j are entity subscripts, m.l equation subscripts and t, II time subsc :ipts. 

for m and l = 1,2, ... ; M. 

By defining 

e= (18) 
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theeovWancemattbt for (13) can he expJ;eued. as 

.\t = E(t",/) = HE(ff!)H 

n = 
[ 

011 

n~, 
The typical dentent of n denoted by nml has the form 

where A = IN ® e:re~ and B .= eNeAr ® I'l'. Let 

A B ]NT' 
q = INT-'T-N+ NT' 

J NT = eNTekTt 

then equation (21) can be alternatively put as (Baltagi 1980) 

]NT (A ]NT) 
OmJ = 0'3ml NT + 0'1ml T - NT 

+ 0'2ml (~ - ;; ) + O'vmlQ, 

whet 

0"1ml = O'vml + T(1'p,nh 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

{27} 

and (7',,·m. ate the distinct characteristic roots of Omr of multiplicif 1, N - I, 

T-l and \ V --1)(~'-1), respectively. These eigenvalues orOml car De computed 

according to 'Serlove (1971), if nece~~~y. 
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After obtaiDinctao raluuOf<11-'. O'J""bcr~ and (f'Jf"u. by eqU&ti()~(~5) 

to (27}{Ql m.l =1.2 .... • tM~ l:l&5t.p (ISSO) shows that 

hrr. . r A. 11fT) o = nl01iT+nJ~\T-1iT 

+ 0,0 (~- ;;) +n~0q~ (28) 

where 

Os = [C1~1, (29) 

02 = [0'2mJ]. (33) 

0 1 = {Ulmlj, (31) 

0", = (U..-mf: (32) 

all of dimension M x M. As .hown later, this expreJsion will be useful for 

comptlting 0-1.. 

Under the above model specification, /3, represent pr04uction elasticiUes 

and Q$ "risk elasticities" or riskeffec:ts of inputs, where dsk is defined as the 

variance of Y. Since a~ um be of any sign. the proposed SUR ate distinguished 

from mOff' conventional ones in that they allow risks of out.putto change in any 

direc:bon in Iuponse to input. changes. Also, the three error components in ihl' 

model are all hetetoscedastic in the sense t.hat variances of DmZp.#Jm. DmZ>.).". 

and Hn.llm depend on the input.leve!s. This implies that tile magnitude of botl> 

entity and tift\,· dfteds \'11 .It be influenced by the meuared input levels, which 

m~ be lnV'l'e re&tl)t.ic than otherwise. 

3 The multi-stage estimation procedure 

Given the covatiance matrix of (1.3) in (19), h can be tleen that to estimai>e "y = 

hh "Y2t'" t "'tAt)' a.nd P = (f3t,p" •..• 13M )'. where Pm = (J3mltPm'.··· .J3mK )', 
the objective function to be minhnise is 
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(33) 

wher~i,.r;:: u',8-1• 

UoweveJ', H cannot becomputed,without ,theestbp.a.te# of(t:= .(ahQ:2'··· tOU )'. 

whic:h. intlUn, r~uite$ thecsthna.tion ort.t~ To proceed. in thisdirectjou. the 

first step is to minimise 

l.t II l' ( J()' 
v.'u ;::: 2: L L 'Ymd -1.11 X!":,. 

m1;tl .:1 t:l . It 
(3') 

ud obta.in i' and fJ. Since ctoo-equati.on ~ttOf is not (" ...... f:; leted hete,thc 

estimation ean be undertaltenror each m $epara~ely. .J\Je to the e.xistenc:e ot' 

hetuoscedutieity and c:tO:$s,.equa.tion error. the:estiJIUl .. cs will be. asymptotieiUy 

inefficient. But the)" ate generally c:omdatent. Therefore, the estimated resid .. 

ual Um.., .:: Ymu - ttl) nf X!s!t "ill converge in distribution to u,.,..,under 

appropriate assumptions. 

The second step il to estimate Q. To do so. rewrite equation (12) ina sliShtly 

diffe.rent£orm as 

Squaring the above equation and t-.king Jogari,thms yields 

K 

In U~d = In{I'm' + A"'t + Unlit)' + 2 E am); In X",l." (36) 

Let 

then 

);:1 

ermO ::: E [In(Pftu + l"'t + "'"Uf f~] , 
(mt' ::: In U~it - E{ln u!.1tl, 

R 

8(ln u~.t) = QmO + 2 L: Qml: In Xmlnh 

*'=1 
(nut ::: In(l'm. + Ame + 111", .. )2 - OmO-

1 

(37) 

(38) 

(39) 

(-to) 



la{p., +.\mt + &lmtt)' :;: 1:r",O +(""t 

and, equatioll (36) t«luces to 
K 

In ~:it :;: <Xm,O + 2 E ami In X_i.e + ·(",if-
11=1. 

Combining the$et or M equa~i.oIlJJ 

Y:;: Xa+( 

(41.) 

(42) 

(43) 

is obtained. whele Q. :: (ah a,.· .. ,Qu)'. elm = {a .... th 2a",t, .... 2o:m K It. e = 
(Elo,~"t" ·.,(UNT)', X:;: diag(Xh .. t, .. · .. Xu). Xm it a NT x {K + U Il'ULtrh 

with 1.0, in the first column ADd In..t'mt in the otbt'f colu.mns. il' ildefined 

similuly to X wiUt Y m = (1n ttLt , In 1iI~" ... ,.In -:"61' )'. 
WhCll t'm •• Ii replaced by its consuten.t eJtimator i.." flIuation (42) an be 

usett 1.('.( ·~tirn&tion of Q:_~ However, properties of (nut have to be investllated 

motdt:r to disco\'er the properties of the estimates and to employ an e,ppropd-.te 

e:stiml;t.tion. technique. 

If Pm .. "'mt and "mil ate M$umed to be normally dUtdbut.ed, the random 

\~ables defi.ned t*~ll 

9,.". ::: (~. -4 lmt {>' Vml.) +- (1,.. (44) 

CJlu ::: (~I. '1- Alt ..,. ''lit) +- tTl. (45) 

where 

(1m ::: VtTFflUft + tT~ ... m -t- O'"mm -:::: '\IntTmm 

become standard normal variablf$ witb ZetO means ud unit ""fiance. Morw~er. 

q!,f' m ::': 1. 2 •. c •• M 11ft' each l;,' tAndom variables with one dfSlt:e Qr freedom. 

Taking tbe logultLd of the 5qUate of equlltton (4-.' puviu(!(.'s 



whete i.he second equaJit1 i,oblamed by ~ otequtiO,t'i ("'II. TJUI yw.hle i$ 

tbuadilbibiolted-. :the loswduu:of 11& r di$\rib.Ul.Oh with Qned~·Df6eedo1"L 

Since both 0.0 pd. hur;' .-re CDQtut _de .. ., is ddiued byeqWioA (38), it 

can be 1hoWft (Barve, 191&) tla-' 

v Cl'(ltt . .r •. :l = lr" u{( .. t} ;\:. 4~934!t (41) 

E{Jnq!u) = -1.2104 

=: ~.o -l."",!. (43) 

Accordi.ng '0 equatioM (38) cd (41), .f~" h .. I>fW mean and" ttQstu\ 

variance. The:efole',c", call be estimated by appl1icg ot! t,o equation (4.2) for 

In = 1, 2t ••• t At tepar.ttly •• d '.hi$ produca ftO biu Of .incou.istc>cy. But. it 

does fUult in ineftidency .mt'e the At setl or ~uatio¥ll .,erthted ud each of 

them has It. (ompoJite errol' £j,.fuci'Q.tt fuuUat to thatd (11) uthown hdow. 

\Vhen i :: ) and/or t :: •• 9'._' -..d 91J. will be COftWrted. 1'bi, impliK that. 

Inq!.d and Inq'6, will ~.uso cotftb.t«l when I :: , adlor t ::: •. It eu be 

l$aown that. 

te., 

Since 

E( q.t, q1J# ) - "".e-t 
- 111..,,411,' J=J 

:.::: 0. t ¢). (51) 

B(';.1191" ) -t ..... ... 0'-._," , :;;; " 
::;;; O. f it- ;I. 

E(q_dqlJ~) :;;: :!lJ,. t :~ " II . :: ) 

;:; O. , '#, , or • :f:. ,. 

I 



.here (f'fIJ/lJ: := <1'..,+ "'1m! + (f'~'r tllefoDowins, car. be derived (GriBi,tb,1 ud 

A:ndtt$On 1982. JowoDud Kot. 1912): 

8pM: = 
== 

'&"limf ::: 

= 
Em; ; 

= 
t: ..... 

11 (t'm*t6.,1 
f ( 0'i1~1 \ ~., k!f(iJ 
:;;: ,~J h1r{h + I) 
B {fMt.Q.ul 

f (alml t h!1'(i' 
t;~. ll'f(h+ J) 
E[(_Jf~U] 

.. ( ami r1 
. klr!!) 

~;:;;; h'r{h -I- t) 
6fl_t - 6.1~ 

IJ :! , '# , or t ¢ J. 

(54) 

(5$) 

(5~) 

(51) 

ThuS<, .fmu l:&U be vi,ewed at h&'ring an errOl entl'.p.oQ.t'll,U sttudQle :anwu to 

ihat or Em •• and (42)*=40 ~ estimated by tht. t«llniqul know.n as leut squara 

with dummy YU14bltt. (LSDV) (MAd,dala l~l1j. 11' p;". ~ and v:'- ate uftd to 

at-Dote vedOIS coutaining tbHe «Jmpon.~u. then 

Beea~&e the 51st,em ~( equations ttprHt.nt«"J by (43) if, o.f comptliht tl" 

for strudUle. () can be more efficiently estlmatf'd by lnodifyi,ng the pfccl\dure 

and for.mulae in Baltagl U9A-O. ThlJ tv~ntuaUy plOduct'$ genera1lJ~ leut 

sqUlllt'S(Gt.S; estimates of Q, ruL"1leiy Q. whelt 

[X' (Ai 1 ® (f ., .~~;)).t ~ .f' (A, I 0 (! -. ~;;)) X 

+ X f (Ai) 1 ® ~:; ') .t ... X· (A;1 ® Q) .t] <·1 

)( [X' ( At 1 ® ( f -;; ) ) Y ... • t' ( Ai I ® (!.~ ~;; ) ) r 
10 



(59) 

The A. in the abovt" expreuion are sUni1ar to $1, detined by (25) to (32) 

with " •. replaced bY";t. Th.e A. can be ~timated .net taleulaUAg 64 e.c:cotding 

to (&4) to (51}. Rowever, 5uc.h a. calculation tequhet t.he estimation or the trl. 

M is discussed in (68) to (12). Alternatively. one aw. obtain the best unhiued 

estimat,es of A& direeUy(Baltagi 1980) by 

A., :: (If _ l:(T _ 1) ,'QC. tOO) 

Al = --1-" [.:! _ INT] C (tU) 
eN-I) T NT 

A2 = (T:l)('[;-;;]C' (62) 

(63) 

where ( = «1' <" ... ,eM) is the NT x Almat.rix of residuals, which can be 

obtained in two ways: (a) applying OLS to equation (42) fOI each m sepuaitt}y 

and calculating the corresponding .residuals; or (b) pe.rfo.rming LSDV on (4.2) for 

each m separately and computing the corresponding residuals (Amemiya 1911). 

It is noted that both sets of residuals Call be used to replace (for estimating the 

11.1 and the resulting Q has the same asymptotic efficiency in eu.h ease. However, 

11.$ estimated from the LSDV residuals are asymptoticany more efficie.Dt than 

thoseflom OLS tmduels (Prucha 198/~). Thus. !..SDV is used in this study to 

obtain ,. 

Referring to bQth Bahagi (1980) and Prucha (1984), it can be shown t.hat 

AlA := [6,nn1] = ¥ (At - All) t 

A>. := [6>.mIJ := ~ (~\2 - A~) . 
A" =: [6vmJ] • 

Onee Q is obtained, (mst can be estimated as 
K 

(mit = In U!.., - &m.o - 2 L am .• In .. Ymkd' 
i:::1 

11 

(64) 



It is now possible to find efficient estimates of p, which com~ct for het­

elosceciasticity, enor components, and correlation across equations. This is the 

task of-the third step. 

According to e.quations (46) and (48), 

It can be shown that 

CTp.ml 'i" O'.\ml + O'J.'fIlI 

{fm{fl 

(65) 

(66) 

where {fml = CTp.ml + {f~ml + (fllml and Pml is the correlation coefficient between 

em and fl. which can be estimated by 

1 N T A 

NT 2: E qmittlht. 
1=1 t=l 

Pml = (67) 

Flom equatil)D (48), 

a-~ = e~P(&ml' + 1.2704). (68) 

These give 

(69) 

(70) 

ir~m.l ::: (71 ) 

(72) 

12 



,T QiiQiiiii!i 

),." 

£. n "'i-• ..."..., =: ,', '. ..1:m,,:t .. .(73) 
*=:1 

It these computations art bebtg made wit!1 a view towlld$ using (54) to 

(51), then the e$timat~ fOrtlmk would be !tan OL5 or L.SDV. u.tht':rthan 

GLS. bA:C4Ufe (54) to (57) are lequittd b~lole G,LS e$timation is employed. 

Substituting cr ... m.rt U#mlt ~d i1'A-m into ~quat:~olll (25) to (27) enables the 

computation oro via. (28) to (32). According t.o equation (i9), 

(74) 

where b can be obtained through equations (5) to (1) with htnu replaced by 

·hmt.t. 'l.llWlt 'o obtain efticien1.edinu,tes of 13. repN$\tnttd by p, it .J$ a mattet 

or minimising 

where u = iI- 111. 

i = 'Ufi-tv 

= u!H·'ln-1 iJ-'4.u 

= ufO-Ii&., (15) 

For the purpose of programmi1l8, it is necessary to find a ira.nsforn'! • .lton 

of the enOl term, say pi. such that ilYpis. = ilO- t it. When n is of lim.n 

dimension. one or the methods is tCl find c ud 1\ such the.t. p = 1\ -i.e'. where 

c h~ an orthogonal matrix cQn$isting of the eharacterlstk vedors of n and A 

is a diagonal matrix consisting of eige.D\·a1ues of n. However. n is ot order of 

(Ar NT x Al NT), which could well be exceeding dirt!enslon 200. In this ease • 

.sOlvUlg n for c and A requires solVIng a polynom~al equation of dt:gree of ovet 

200. This is a difficult task and unreliable r('S1.dts may incur. To taekle this 

Problem. a two step ploeedute is developed: (a.) decomposing 0--1 according to 

the suggestion of Baltagi (1980)1 which giv~$ 

0-1 :: 6-1 ® Jtrr + fi-\ ® (!! _ !.!::r) 
3 NT 1 T NT 

13 



+ {)-1 e. (!!.. _ JNT," ") + ti-1 .R. q 
2 .N NT ., >i;lt"$ 

('1G) 

wh~re 11,1. 02t Os and n .. Catt be calcuJatedaceorciiq to equations (2$) to (21) 

and (29)10 (3~1 with tr.f('pla.eed by theitestimated; coun.t~fPMb. nil: Doted 

that the$ematriees only ha.ve, dimensions or M ~: M . (bllet Q;1 ::;P"P.lalld 

defining 

(or i :: 1.2,3,4 .. Fudher ddining 

DI = 

D, = 

Da :: 

D" = 

A INT 
T-1'lT' 
11 Inx 
1i-/iT' 
INT' 

NT' 
q. 

(17) 

(18) 

(79) 

(80) 

(81) 

Then. since the D,. are' all idempotent and D.D, = ;,; fo: i f:. i. equatiilD (76) 

can be written ~.I 

.. 
{)-1 = L: (P.,.p: ® DiD.) 

*::1 

= (t.~ 0 D.)(t.r. o D.) . (82) 

Therefore, an equivalent ope.ration of minimising i 11i to minimise itil, where 

{S3) 

To summarise, the estimation of seemingly unrelated tt'!~'e$sion models, 

which catry tilde im.,lications and fllct\rporate co.mposite e,troru, normally takes 

the following steps: 

(1) Find jj and i by using nonlinear least squares either to minirruse u:'" Um 

for m = 1,. 2"" t AI. respectively • .ar to minimise u'u; denote the corresponding 

residuals by u. 

14 



(2) Obtain&: by .pplyingthe GLS teehniqucon the SUR. models with enol 

eompouenu, whete Inw~i~ is :regreacd linearly on the luX", •• ,,; denote the 

(onespondiSlS residualsby(. 

(3) U.e l to c$tim&te qvi& (GO') and then Pmh D"",m via (67), (68). This 

enables the estimation of U,al 'ria. (69). 

(4) Use am! and c'totmd hmd from {T3} and subsequently bp.mltD-"'nd and 

<Tvm. nom (70) to (7~). Meanwhile. H can be estimated via (6) and (7). 

(5) Consttuet nltn:z.i!, and Ov bYr:eplacing tTt in (25) to (27) and (32) by 

their estim~ted cOWlterpartscomputed in step f 4}. 

(6) Find .t) of n. fol' i;:: 1,2,3.4 sndthen obt.t.dn 0-1 uonl (7tl). 

(7) UflC if frolll step (4)&lld 0-1 hom step (6) to find i and B by <."mploying 

nonlinear'least squares to minimis~ urft-ti:;, -1 iI-lv.. 

4 Empirical application 

Ohine5e survey data for 28 region, (i.e. t entities) for a 4-year period from 1980 

to 1.983 ate utilised to estimat.e the disttubanee--telated production functions, 

as proposed in preeeding sections.. The data, coveting tbtee crops (nee, when.t 

and maisel, comprise output (iin). sown-area (mul. organic fertiliser (yuan.), 

themic!d fertiliser (yuan), machinery cost (yuan), irriga.tion eost (yuan), labour 

input (persondays) &' . .:i otn:c!r costs (1JtUIn). Those variables in value terms are 

deflated by a weighted index of agricultural prices in sta.te and free markets. 

The Marquardt-Levenberg-Nash approaclt is adopted. here to find the non­

Unear lca"t sq~are$ estimates of JjlJ (Marquardt 1963, Nash and Walker-Smith 

1987). The estimates for "he mean output function and the outpiIl" VfWw.~lce 

function are, respeetiv~ly. ~resented in ~bles 1 and 2. These resuh& are 0 >­

tained ftom s:eY~ral different sets of statting values. 

In Table 1. estimated coefficients or the SUR heter.osc~astic models are 

reported in the thUd column. For comparison only, results from assuming Un = 
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fdare .alSo preJe~ted. 

From Tabl<, l(a), it is .seen tht.Lt, aunong the eight~ble.:dn~Iuded'inthe 

modelt rOut of them have coem~ent.s with l'feg",tive sign$. ;That ist iieepro­

duction elasticities WitlJtespeet,o labqufi chemi~alfettilil!e~.~a1~O$iua 

m.ehiilety cost. are lessthanl.ero. Since riee is mainly planted in SOuthetn 

Chin~ whete Jub$taniial underemploym-mi ()tOV~,.supp11orlabow: e:d$u in 

thet\ll.u areu. it may bepoSiibletltat .negative te!.l:m;ns ,with te$peetto l"bolU: 

at.:tJ occuring,patticularlyaftettbe teJ;\mption.ofdouhl¢ croPPUtg(.t\erttiple 

crt>ppmg) since. the late 19'105. The negative elutic:,ityYlith lespecttoehemi-:a1 

fedilU.er is eomistent with thefindinp of"Wieu (1982).Latge increa$Uln the 

.appliea.tion ohnttogen without cotte.ponding inet~ in ,pdUAUJ1l and ph,*, 

phatus .might be one of the most importut reu.ons lor tbe negativet ,ticity 

(Stone 1986) .. The negative elutieity.usoeiated wUh Jmt.¢hinery cO$Ulplausible 

.... replacement orlaboutbymadUJl~ ~de'troy.!It the hadiUouallabout .. intensive 

£ar:mingteehnique.Thisis paxticululy true, wUhriee produdion since lice ,fe­

quires 'fine soil pr~p&t6ltioll and flat land . but machine opel'atio.n cannot meet. 

these tequirmcnts asweU as labour does:. Astor the animal cost, the l1tgative 

&ignis implausible. BOYf~ver. except for }abouf.,.aJl the negative eoeftlclents have 

95 five per cent eoafide1'1ee internlswldch include ... positive range. 

Among the remaining variables. aU but inigation are signmea:nt.eontributoH 

to riee output. Examination of the magnitudes of the estimates indicates that 

sown &.tea (' llange asserted the great.est positive imput on rice output,(ollowed 

by orgaruc fertiliser. Theinsignifieanceofinigation may result from the fad thai 

almost all the rice area sown is .irrigated and lliu$iZ'rigation is .not a. p&tticularly 

limiting factor in rice production. 

The estimates ot the mean maile output (unction arc tabulated in Table 

1 (b). Judging by the asymptotic: t .. rati\)s. all ~he positive estimates are sta~ 

tistically significant at 0.05 I~nl. On the- (,ther hand. all tbr: t.hree negative 

coefficients have 95 pet cent (onfidenee intervals which include a positive range. 
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Fudherm()tettAeth~ n~tiveydue$rQt labour. chemical fedwerlUld ani­
,mill· cost~eimpliluilble. UaUke: ia the ~()t'fiee. Jtf4thmcJ.'1tost it PoAtivell 
related to :mais~:prQd,uetioll •. A~Qle: e~nationil~hatt formme p,qdue", 
tioD,mach.hlo ~~.r.tioa.ilmaiul1i1tvolved .itbewtivatioll and pluting. Thus, 
tbett; .is ItO; posi.,lulfyeat 101$ th&ll.harvuting b,machiJles.Mo~ .inlportantly. 
tim.il\g or planthll :is more ctucial, (or :me.iJeplC>ductiQnthan for riec audtlte 
reqttirement tortiftdbed preparation isnQt .-great as fot liee. Maize ia mainly 
gtowaiDtheeentralaad l'lofthorChina, "llcre !armi,nl techniquesue telaUydy 
poorer thu. in lhe$otttb. l~ 'Other words. replacement. oihlboutbY'maehines is 
libl)" toereate a positive; inlpa.ct on. maile output:. Moreove;.in the tar north 
the excess labo1U': Ploblem is lea levt'rei! it exists .~ aU. Thi, .may ·abo kelp 
explain the positive sign or &e. 

Alea SOWD, is the dominut $Ou.tce of change QimaiJe Otttput. The produd;.on 
e1astlcity with respect to sewn area. is (M$8. foUowd by 0.16 with U$r..ec~ to 
organic fertiliseralui 0.15 ,with lespect to Qthcrcosts. #fhe .. JasticltyisonJy 0.02 
fOf ma.dtinery cost ud O..o1G foriuigation. 

The wheat prcdudion function 1«J1U to be e$timattd matt succeufull,r (Ta.­
bIt' He)). The Qnly n~adve e,stimate is the eluticitl of irtis;ation. Wheat 1$ 
18l'gelyplanted in the(ar north or Chiua. where water supply relys heavily on 
rainfall. It is noted that the nqative value hu asm:.Jlt .. s~&dstic. Thus. the 
true elasticity of whut outp'ltwith uspect to irrigation might be very small 
and itl estimate could well turn out to be non positive. 

Contray to botb rice andmaiTc. t.he coefficients of labour, chemicalrertillset 
and animal co:t are an positivet all.hough the estimate usocial:ed with animal 
(ost is notsignifica&lt. at the S pu cent level. Chemical fertiliser has the smallest 
"ositive elasticity and organic fertiliser hu the largest elasticity. The elasticity 
wiiJ1 resp~t to labQu~ il not only positive. but substantial relative to that for 
oth~ inputs. This c')mC5 as no surprise since wh~a.t is pledom.mantly pluted 
ill .. b W north of China 'Wh.ere labou.r is relative SCtUce. The above-mentioned 
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teUOXl could alsoexplaia thettl-.tively l_e elasticity or~hiaer1 CO$* in 
"WheatpJ'Qdu¢tiC',)n. 

Olfetnll.Table llEldi~ta that,.lltte labout, b ;dativdy JCat«:Jm~ldnery 

geAerate:s ... pQlitive~d$ipifi(aDt ilnpa.ct on eJopyield.. Foruart1ple. when 

lahout :illpl1t ltu.lleptive returns in ri~eproductiont xna.ehfuerl createt .. nq ... 

tb'e eifeCt. ollPnxtuctioA ad theeff«t.is sipUlct,Ult at .& 10pe:r; cent kvel. .lathe 

cue ofmaite ptcxludioi:\f.laboill bad~ :p.o sipificant.tmpact: udmaehinenr gea .. 

et~ed·.limitedt. though a Jipificut etree.t on yield (theeoeflident illonl, .0.02). 

whe;eu when \he laboureled b .$ignificuU, positive in wheat 'productiollf the 

madU.Der1efrec:t·becom~ 'Ik)sitive. sipifica.J;ttand substantial (the eluUcUr is 

0.08). 

The puantet.eu determining the signs or margiual risks are presented in 

Table 2. Allbotlgh attention will be focused on the estimates given by GLS, pa.. 

rametetl estimated by other techn]ques are also shown in Table 2. The goodlleu 

,of fit fOt the SUR system is calculated aceordiugto 

2 .e'{D-1 01NT)a 
BS(1R ::= 1 - yt(D,,"l. 0 .. ,DNrJY (84) 

w.hete :,s-I lithe variance co.l'll'iucematnx of the SURmodd$t ais a MNTx 1 

y«:tor containing the GLS tt'$lduals. andD."IT = INX' -IN1'IN.T. The FSUR 

t;tatistie isobtadnedbued on BlUR (Judge ot al. 1985. p. 418). TheRJuR and 

FSUR are not reported luthetables. The tesult showl tbat RitlR equ.ts 0.55 

and Fsu1I. equal5l 16.01. Noting that. da.ta usedforflthA~llon are buiWly crOsl· 

Jtctianal (the time span. is relatively shott), 0.55 illdic::des a reasonablegoodneu 

of fit. The FSUR il statistiea11y significant at any conventionalleve1, which 

suggests the existence ofhe*etoseedutidty. This may imply t.bo inadequacy or 
c.onve.ntional functk,ns or the superiority of the heterosc.edastic SUR models. 

M.l.chinery. Otgantic fediliser ~nd other cosb seem to ha.ve stabUisingefl'eets 

on dee output (Table 2{a». The coefficient for machinery is insignificant.. It is 

reuol1~ble to heave a. negath:e &$ since the major component of other costs is 

apenditu:re on m8JUl\gement. The significance of both positive ~1 and negative 
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&TiQ.lpb"he'bn!)ot& .. \j1 .... ~ fJt ofl;wc:terlililerinflebleriP3 a}idgh and \Utble: ridd 

in Chiaa:s tieeprwuc:Uotl. 'the "d.f .. ~ee ofprod'lldio.n.itpositively iMl~ted to 

c.bemk~ f'*ttlllser '.P~Uc.ati(lll t t40ughthete is alack or.t·disiical Jia~CUCJ~. 

This b bt liAewith the ~t.tion of :H ... dl (ISS'), who$l1lpect.ed Ul,at. &I 

teec{oi(cttUiler te:canQIogy adVllJJ1teS·withthe adoptioAoC high yielding varietie$, 

incte~ U$e of dtemiwfiediliser may bring about hilltuprodudioll. v.na.bil,.. 

:itl. As:£uu NUJnltl~tis:c;o.c.el'nedt thesigni6~tly p05it.i:'fe sisn is implau­

sible odthu n~.f\Utlleri.v5ti,ation. WhUe irrigation. isexpeded to help 

.stabUise produc.tion" the cmpitietd tuUlt hen~ does not seem saPPoftabte.N.ot· 

in,thlrt·~lia· significant and. or eouiderablemapitude~ bet\ermanagement t,)£ 

the inigati\J~ lJyst~m in China is impUed, to betetgently needed. This is because 

the pCl1itive oi. an.d negative Ii, couldweUbti the result oCmalfu.netioniq of the 

b:rigatic:)&~. system due to A conapsed management of wliterrtSiOurce and, irriga­

tioniadlities tltet the btboduc::tion of the agricultural production fe4ponsibilUy 

5ystemm la1.e 1'78. Theimpaet ofar~a sawn ()ll production risks buiea!ly 

depends on the corrtl&tioncoeffieientsamong ri~ .outputs of different seasons 

and all the management. skills. In general. a pO$itive leIationship is expected. 

Finally, tabout does not produce a significan tbnpaet on production risk. This is 

prinuni11 because the labour input in China wu near "saturation" long before 

1980. Thus its eh8ll.gt:s may not generate .any effect on either mean output. or 

output risk. 

Contraf, lothe case or rice production, animal eost and iuigation were 

estimated to be stabilising factolS in maile ptoduetion in China (Table 2(b)). 

This Ill&Y be due to the rt'lativemsensitivity of maize to water supply in timing. 

quantity And £requene)'. In other words. irrigation can help to stabi...H maile 

production and, while there ale problems of irrigation in China. these may 

generate only very Umited impact on maile yield variability, The variables other 

than aninuu cost and irrisat;~o.n ate all positively .rela.ted to .main production 

variance. This is p{a,UJible for Ia.bour. area. sown a.nd chemic:a.l tertilliiet for the 
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teuonsdi$(\lS$ed (&fn~t. nep@tive tips, ot ~JU;fter1.o~8uic ,feltiliser ud 

othetcortta:rtimplaU$iblt'. B~weytt. alltla,e po.sitivotsiimatd ."n.9S pe,r cen' 

~ .. fiden(e internltwhkh .mclude neptiveva.hles. 

ThertlaUon4ip at.buated behtetAwn,at o_f.P\lt ~iaa(e qdinpq.t.s .UlI. 

be found .in Tab!e 2(c). AU the $lope puame!et$~e .iuign,ifieut at the .5\ pet 

cent level. The aesative vadue ·fofU" IOWll is W\~tled .lltha~fM orpnie 

ftttilis.t:r. The e.titn&td eaoeiated with labour ud otheltostl: a,re not om1 

positive. ilu\ also quite lat~ ill ~pitl.lde. Jtsbculd he sueutd that all the 

d()pe coetBcients could wen be UfOS in. acl;:otdanee with the: &tymptotie f"ratios. 

It is difficult· to geDerale finding. from the utim$k:s of the tlu~ .equat.ions 

beeause (a) mOlt o(the ~timates are. not eRcout~JlS ill terms of $tatistieal 

significance; ud (bj Ute magaitudes of and especially the.igruJo! paramete.rs 

are 1.0 incoRsistet "rOlf equations. Howeve.f, u tar •. '1 the relauol,Uhip be-­

twet:R the 19reen re\1):lutioa t ad production thts is cOllcuned. the empirical 

tesults inditate thatthe.tt is &, pocitive til'lkbet1Veen teed~rertilliert«hn.ology 

lind output variability. This may be due to thei.ntroduction or modern cmtiftti 

w.hich ba.ve 5,. nattO'r~r genet.ic bue than. Uaeh pr.edeeessoH (Raun 1984). The 

nat,ureor irrigation in the con.tt.xl. .or .output variabllitJ c.rucially depe.ads on the 

f·eliability et the watt'l' st'Pply. Taking into accou.ntthe rad that the irrigatilOn 

SYlteml in many parb 'Of China are seve, ... ly d:una.gedt a nonnqativeefi'ect of 

itrigatiQIl o.tt output risk m.a)' be under~Ut.nda.ble. The machinery input pOilobly 

btou.ght aboul higher risbt whi.eft ~ould :lUse from the poor quAlity of both 

~OQ!$ and optttdiolls. 

The estimated lnatdc~ {J;tml!.l6 .... dt t6),.-r.\o.} aDd ,A .. , t] are given in Table 3. 

It il deat that the time effect may bt' ne:gli.gible by compadng the cotreponding 

,'.lues of t6lm l: and [6",ml;. The e:mte:uC'c of eros .. equat.ion (ovaria.nc.t' is seen 

by the possibly signtficant oft'-diagonal values of g~mJ;' If the assumption of 

.& nonna! distrlbutlon Wf eeeh of the thr~:e (time. region and random) e:trolS 

holds. the d.iagonal elemt'DI$ of t~ml: should be: dose to 4.9348. Stati.sttcm tests 
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IF.t.at.Jicl)nnt~lil £0 .. 4 lit., :alltbtu ,-.I.aul; aQt..#ipifieantlrdilre,ellt 

'fW2.'4 4~t3(8)u ,& S!~~ ,celltlevtL In pasm-,.. it:,u,.ot,edthat lilt. ttqativI nd.t$ 

on taft aiq<::m&lsof"~ ma.lucef .,. ~bteudth"', can be let. u,) ,era in 

pf~.m" itne~1! (Ma udaa~I:~f! 1914. p,. 12). 

The vuial),tO<Ol'&dQo,' m&tdtdOf lAc mea output tUActiOcuUI sivell ia 

T.bk •. 1:he lack oftiJntd«i$u .•• $~: b, tJu~ small ra.i(il ct'irJ.-.lltr,.r.'. 
Thet (1J.tcmPOtu1conJiancdac~$l.&tica. ate· aU positive ad 'llb$t&n.tial~ 

5 Summary 

In this p.~f. St'Bmodds wkids. ineotporate time-:specifie ud regio:O"Iperific 

c:tl.Ol' compouct.nuud pcfmitl.e mMgiaal varlaac:aof O.~putf; to " or t'ither 

pnr-itive at IlOllPlO6iti'fOlign,lIsft pr::. ~. An utimaUoa PfOt:wedure iSft13esttd. 

Thilau«mpt iI ofemvirie&l dplfianc:e. paniculub' il1lpo:-economic ttRAra; 

luu:e O'u'PIiU ot~t1."rituhuw aetiv1.t.i~ t,f,nd to be irdluea.M by lOme 

(ommen fattol'l"llotahlr wtathn,a"d P1'lit1 ell ... g .... Abo. ina:e~"'or dift'et.e:at 

'ijlputi e~ critiltf enll&D:(e Of teduC't' outp.ledln. Ccftvttnllonal SUa. modds 

,c:s! ridtbst mal'ginadritb to be pmliul'f!!. 

trJ1g «lmhhltil time-ft'ri9 (4 1~UJ)and ct4.lU*tuuon (:28 ftgi.OU) data 

011 Cbinese ri(;e. mtUle and wheat plod.dion. he.wfOK.eWue SUR pmdueticn 

ffJ.artlotl$ W'e'fe atu:naled. The r~ultl wdkak Ihat~ .u cht'mieu ftuiilJtr "sown 

afta, !lud inigation. (~t in~fea.H. culpa! ftnaUtft it"netall1 me. On t.be othu 

h.B.d. organic ftrtibwt. mathmery <'~,\ and •. he oIhel tOfU "I.Y ht.lp stabilise 

Chm~ OI.!lta! ptodul!4ion. La.bot i~put. don not atale s.ignificant impad. (Ul 

~uhf'l' me:!'Im ICutpnt, Il'r O'alput fttmnt'C!S., ThMe l~ult, IQ.&I"1 the pa:uible 

'o~rv..'t1 M' tb~' htltriMt'~dutit St:n. Oft:t ;Dore ('():Ql'(nticnd one ... 

b m.Ulct he tU)te4 tbal, masl of the input'S (,onIi41'f.td in tht mmle1" are Qct 

Of't'dMtdy 'tsunfieand1f!f.JAted to proo.ucuoo (l.h. Thll 15 not tQ ~ulgC"1 that 

tbfM .tid Gth~l UlpUl. an. tn fat'.,,, tttUmpmtant "!!-" ......... a_ .. , U1 prod.uc.'tion 



u<ttlf mli~m-" n •• y •. aewnt.r. imPly taebnpo ..... ~:eiot.tat.e .. uel .gQ\"tnt .. 

mt.t'blt(ttt.!in.=.~.ltu" in d~ktWltb:t,t!l.e ,..u.t»lityof ClU.aac: !l'~ 

ip~"dW~. 
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Ta.ble 1: Pa.lameter Estimates for the Mean Output Function 

~1 
(Area) 

p, 
(LahlJur) 

Pa 
(Chemical Fertiliser) 

/34 
(Animal ~ t) 

p" 
(ltrigatio"! i 

,~ 

(Machin'. y Cost) 

/..'-1 
{Or ganic::Fertiliser) 

as 
(Other Costs) 

(a) ruce 
Spe.cifica.tions of Error St.tucture 

tLtt = uit tl.it = (Pi + At + lIit)h .. c 
6.836 269.663 
(3.29) (3.31) 

-0.181 0.728 
(-2.47) (8.78) 

0.347 ··0.125 
(10.52) (-2.38) 

-0.001 -0.005 
( -0.16j (-0.43) 

-U.031 -0.035 
( -1.$~) (-1.43) 

-O.OHt 0.017 
( -0.75) (0.7J) 

-0.031 -0.0:t3 
(-2.59) ( -1.81.\) 

o JI.l5 0.379 
(11.98) (5.45) 

0.120 0.098 
(7.30) (3.00) 

Note. Figures in brAcken are lLIIymptotic t.n.tIOs. 



Table 1: Parameter Estimates for the Mean Output Function 

(b) Maize 
S~eationl$ of E.uor Structure 

Utt ,;::: lI'it Uu = (Itt + I, + vidlilt 
t 325.271 415.365 

(4.t;\2) (6.42) 

PI 0.584 0.676 
(Mea) (15.10) (13.24) 

fj,. 0.012 -0.027 
(Labour) (O~32) {-OSO} 

ha 0.0002 -0.001 
(Chemical Fertiliser) (0 .. 01) (-O.ll) 

P. -0.062 -0.011 
(Animal COd) (-5.72j (-0.81) 

p" 0.013 0.016 
(lniga.tion) (1.79) {l.S4} 

be 0.009 0:022 
(){scldnelY Cost) (0.88) (2.13) 

IJ.r 0.106 0.161 
(Organic Feltllis~r) (2.11) (4.55) 

~ 0,$10 0.147 
(Other C05t..) \&.61) (5.36) 

Nott~ Fi,Ju:ru in bradlet;. ao "'"mptQt~\7 t.r.tiM. 



Table 1: .Patameln &timatesfor tlU! Mean OutputJ!undiou 

(~) Wheat 
Sptc:ifi¢atiol1l' Ql Enor Struetute 

Vit =Jlit ~t := lilt + Xt + vit)~(t 
i' 103.304 136.95«) 

(3.79) (3.7&) 

Pt 0.382 0.198 
{Atea} (4.4 I} {t.sa) 

.{J, O~212 0.140 
(Labour) (4..:A5) (2.14) 

f;a -(M1l4 (U)49 
(Chemical Fertiliser) (-O~82) (I.9a) 

P. -0.044 O.O&~ 

(Animal Cost) (-2 •. 37) (1.19) 

P, 0.011 -0 .. 024 
(Irrigation) (O.SO) ( -1.21) 

Be 0.014 0.084 
(Machinery Cost) (2.90) (3.29) 

~ 0.230 0.261 
(Organic Fetti1ir.~t) (1.60) (4.09) 

p" 0.148 0.181 
(Other Cost$) (2.78) (3.13) 

Note: Fipra m bf*ht. a ... u,mptohc "'r .. tiOil., 



T.ble 2: Parameter Estimates foJ" dle Ou(put .. Varian(cFunetion 

(allUce 
Estimation Technique. 

OL5 LSDV GLS 
.&'0 22.432 18.813 

(14.90) (T.66) 

2&, 3.443 1.339 2.072 
(Atea) {8.021 (0.67) (2.56) 

2&, -0.910 0.651 0.174 
(Labour) (-3.03) (O~44) (0.32) 

2&3 (l.303 1.017 0.515 
(Chemical Fertiliser) (2.82) (1 .. 16) (I.92} 

2&. 0 .. 470 1.228 1.005 
(Animal Cost) (2.63) (1.36) (2.84) 

2&, 0.273 1.049 0.196 
(hrlgation) (1 .• 6&) (1.27) (2.40) 

2&6 0.101 -0.179 -O.OOti 
(Machinery Cost) (1.O8) (-0.33) (-0.03) 

2&,. -2.003 -1.981 -·1.350 
(Organic: Fertiliser) (-5.59) (-1.22) {-2.S .... J 

2&8 -0.45U 1.894 -".433 
(Other COltS) (-1.89~ ( -~1.i;~\ (-3.17) 

R" 0 .. 637 
F-ratio 22.609 

No.cu F~. in bracket •• 1'0 II$JltiptOt1C t.r.dos.. 



(b) Main 
Es~iJ:natio:1 TechJiique .,., 

OL5 L5DV GLS 
ao 1) .. ),38 9.101 

(aST) (3.91) 

201 0.377 1~615 1.056 
(Atea) (Q •. SS) (0.45) (1.34) 

20; 0~368 0.013 0.058 
{Labour} (1.03) (0.004) (O.II) 

2&, 0.0(0 0.054 0.099 
(Chemieal Fertiliser) (O.3ft) (0.08) (0 .. 56) 

2~. -0.055 -0.785 -0.440 
(AnimalOost) (-0~39) (-0.70) (-1.71) 

2&, .... 0.160 -0.436 ..,..0.182, 
(lltiga.tion) (-2.22) (-0~7!1) (-1.28) 

2<l" 0.282 0.390 0.349 
(Machinery Cost) (2.87) (0.51) (l.86) 

2&1 0.340 0.338 0.437 
(Organic Fertiliser) (1.08) (0.16) (0.16) 

20s 0.250 0.484 0.261 
(Other Costs) (0.82) (0.29) (0.49) 

R' 0.533 
F .. ra.tio 14.684 

Note: Figvtel ift "'raclufts MI· u,mptctic t.r6t401\. 



Table 2: Parameter E-stim&.tes tor iI.tt Output-V'arianeeFUD:~tion 

(e) Wheat 
:E$tim .. tio~Yechnique 

015 LSDV '~ 

&'0 8 •. 3l0 7.226 

' .. (6.gS) (2.64) 

.2&1 0.016 -0.109 -0.407 

(Area) (0.04) (-0~31) (,..,,0.41) 

2&: 0.886 -0.207 0.100 

(Labour) (3.40) (-0.17) (1.26) 

2&~ -0.331 0.290 0.018 

(Chemieal Fertiliser) (-3.01) (0.96) (0.09) 

2&. -O.OOS O.COS -C). 073 

(Animal Cost) (-0.03) (0.01) (-0.24) 

2&5 -0.002 0.1.84 0.05& 

(lnig"tion) (.-:0.02) (0.42) (0.24) 

2Q3 0.444 -0.011 0.24'1 

(Machinery Cost) (~.14) (-0.03) (1.13) 

20; -0.141 0.682 0.113 

(Oz.ganic Fertiliser) (-0.41) (0.67) (0 .. 19) 

2&8 0.482 1.270 0.878 

(Other Costs) (1.64) (1.58) (1.65) 

R2 0.596 
F .. ratio 19.010 

N~t:,l Fic~Je. in brackd' are drmptotic "'r .. tioa.. 



Table 3~ CovuiQee, Matrie6 ,rOutput-Variuee Futtction, 

·O~.OlO ·0.043 .. 0.168 
[S~",d .. 0.043 0.0$8 .. O.~6 

-O~16$ "'\r.046 ~.148 

1.660 1.336 ... 0.697 
refp",d 1.336 3 .• 373 ..0..402 

.. O~G91 ...0.402 3.321 

5.293 ..Q~~1 -0.OS8 
(6~1 .0 • .227 '.803 0.122 

.. 0.088. 0.122 2.009 

6.093 0~833 .. 0.57& 
[6m1] 0.833 5.035 .. O.llS 

-ti.S16 -G.no 3,,981 

j 

Table": COvariance Malnceso£ Mean Ou~put Fu.netions 

159aa.52:t 5809.082 840678.539 

[""mil 5809.082 4593~849 271l62J~22 
'(40618~539 211162.822 186851666.081 

1510.784 619.503 ... 131845.170 
!crbtcl 619.503 246.119 .. 211391.518 

-131845.170 .. 277391.578 76840813.036 

14630.159 344.8.611 1982192.815 
{i .. ",d 3448.611 56.530 985314.9:'6 

1982192.815 985314.936 263829103.787 


