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ABSTRACT

This paper uses stochastic frontier production function models applied to farm level
- input-output data to attempt to measure and explain efficiency, technological change
and productivity changes in Mongolian grain farms during the pre-reform period
- (1976-89). The results obtained point towards a 12.6 percent decline in efficiency, a
6.4 percent decline in technolo gy and an 18,3 percent overall decline in TFP over the
14 year study period. However, it is observed that in the final nine years of the study
. period TFP went against this trend with a 56 percert growth in TFP. This suggests
that the shift away from pohcu‘:s encouraging increased input usage (prevalent in the

o 1970%) towards the “intensive technology and inceative reform policies of thc 1980's

was beginning to achieve considerable success,

Results also indicated that farm efficiercy levels were sxgmﬁcamly and posmvcly
correlated with vocational technical education, experience of the farmers, levels of
- Russian technical advice and the incentive systems used on the farms. We also found
evidence constant or mildly increasing returns to scale, suggcstmg that the current
economic reform of splitting the ongmal State Farms into smaller units may not
jUStlﬁQd on thc g‘ounds of scale economies. : : :

! Papcr prcscnlcd to 4lst Australian Agnculmral and Resource Econom:cs Society Conrcmncc, Gold
Coast, 20-25 January, 1997, :



1. Introduction :

'M‘ongolia is a central Asian country with an agricultural-based economy, The land area
is approximately half the size of India (1.6 million sq. km) and the population is
estimated to be 2.4 million, as of 18996, Agriculture and its related industries employ
about 40 per cent of work foree and generates 30 per cent of national income, Animal
husbandry 1 Is the principal sccmr, producing szout thleb quarters of total agricultural
output, ‘

- Arable farming i< a non- -traditional scmor, which has been sngmﬁcanuy expanded over
the last four decades. Mongolian arable farming is characterised by low productivity
and high risk due to high altitude, harsh climatic conditions and the absence of
domestic productipn of such important agricultural inputs as machinery, fertiliser and
chemicals, The principal crops are grain (85 % wheat, with the remainder barley and
oats), potato and vegetables, Among them grain is th(: single most fmportant
agricultural commodity,

Despite the above mentioned technical and economic H'mitatiom, the Govemnment has
allocated substantial resources into the arable sector in order to boost agricultural
production dunng, the last two decades. As a result, in the second half of the 1980s,
self-sufficiency in grain produmon was uchieved and a substantial part of the tetal
~ vegetable and potato requirements were supplied domesmally

The - dramatic political, social and economic reforms of tiie former centrally-planned
economies (including Mongolia) that began in the early 1990s have since had a
substantial effect upon Mongolian agriculture. Mongolia began a new market-driven
economic system in 1991, This involved major nuero-econ wic reforms, including the
floating of exchange rate, liberalization of foreizr rrade and prices and global
privatisation, Furthermore, a variety of agricultural subsxdm were also removed.

As a result of the privatisation process, the Former State Farinis, which were primarily
involved in crop production, have been broken up intr swialler share*holdmg
companies with their workers becoming the shareholders. The new competitive market
environment, to which the individual companies have bizen exposed, has put enormous
~pressure onto farmers, The enhancement of the productivity of grain farming has
- become a vitally important issue, both to the farmers tirmselves and 0 4 government
concemed abont declining grain producuon levels, : '

The principle aim of this paper is to analyse the productivity of Mongohan grain
farming. The analysis will utilise data on 48 State Farms over the 14 year period from
1976 to 1989, We focus on the immediate pre-reform period (instead of the post-
reform period) for three reasons. Firstly, poswrefonn farm data is likely to be very
“costly and difficult to collect, Secondly, this data js likely to be of a very poor quality
given the disruptions to record keepmg resulting from the reform process, and thirdly,
any analysis of post-reform data is likely to be heavily influenced by disruptions to
input markets during the reform process, That is, 1992-1996 data is more likely to
reflect the costs of the reform process rather than the benefits of 4 market economy.

Funhermorc, we have observed that following pnvatxsauon, most grain fars continue
to function in a similar way to the old State Fanms in the terms of structure and
tcchnology, but with rcduccd sizes of units. Hence our analysxs of pre-reform data is



likely to provide information which will be particularly useful to the govemment in the
formulation of deyelopment sirategies for the grain sector.

The analysis conducted in this study is the first attempt at a rigorous analyus of the
total factor productivity (TFP) of Mongolian crop farming, We look not only at TFP
differentials ncross farms and through time, but also consider the decomiposition of
TFP change into technical change and technical efficiency change components, We
furthenvore obtain measures of sc'ﬂc cconomies and also investigate a range of factors
(such as famner education, experience ete.) as possible explanators of efficiency
differences.

The remainder of this paper is organised into sections, In the following section we
provide i brief deseription of Mongolian grain production, In Section 3 we discuss the
stochastic {rontier production function methodology which is used in this paper and in
Section 4 we describe the data used. Results and discussion is provided in Section §
and some brief concluding comiments are made in the final section,

2. Mongolian Grain Productinn |

The centrally-planned development initintives of the Mongolian agricultural sector
were accelerated in the mid 1970s and continued until the end of the 1980s. In general,
the development initiatives were impleniented in three different ways: (i) increased use
of conventional inputs, {ii) the development and importation of new technology and
(iii) a series of policy reforms aimed at improving farm efficiency, Although all three
elements of the development effsrt were present at ev. vy stage of the development, the

emphasis shifted more in f\wour of the last two components particularly towards the
end of the 1980s.

Until the mid- 1980s, the development mostly oecurred by way of further cxpanmn of
new marginal agricultoral tand, increased use of Jabour, new investment into building,
- machinery and irrigation, and increased application of modem inputs, such as fertiliser,
chemicals and new seeds (Ulziihutag, 1992). :

In the early 1980s, it became increasingly difficult to achieve output growth by
increasing conventional inputs (due to resource shortages). Hence the Government
began shifting its policy from so called “extensive” into “intensive” growth strategy,
- The emphasis of the new approach was the increased role of new technology, the
development of workers education and skills, and the introduction of économic
reforms with the aim of providing incentives for workers to achmvn more efficient
production, ,

During the past three decades a total of 20 new grain varieties were introduced into
- production  (Ulzithutag, 1992). Also a comprehensive agronomic analysis was
conducted on 400 000 ha of arable land. (Ulziihutag, 1992). New comprehensive soil
protection technology was introduced on 10,300 ha of land , and wind breaks were
introduced on 100 000 ha of land (Economic and Social Dcvclopment, MPR, 1988),
As part of the policy of introducing new technology, in 1986 the Govemmient
introduced a so called “intensive techiiology packagc” into production. The official
report states that an average yield from land using intensive technology was 30-90 per
cent higher than the national yield (Ministry of Agriculture, 1991), All these efforts
demonstrate the imponance that the Govcmment attached to the dcvclopmem of ncw
technology. '



Much of the Govemment oﬂ“nual documents of that period includmg The Reports of
Imptemem.mcn of 6th and 7th Five-Year Plan (L'nen, 1981 and 1986) emphasised the
importance of efficiency improvement and technology development. In the ten years
- between 1975 and 1986, the number of farm staff with high school education increased
380 per cent, the number with University Degrees increased 190 per cent and
Technical College Graduates mcm.wcd by 160 per cent (Mmiﬁtr) of Agrnculturc,
1986).

In addition to the inwmmem into new (u.)mmogy and hnmzm resources developmem,
the Government undertook a series of incenlive reforms in an attempt to improve farm
efficiency and pufnmmm.c Twao distinctive stages of thig reform in State Farm sector
can be observed prior to 1990, the first begen in the mid-1970s, the second in the mid-
1980s. This reform was pnmmly aimed at Increasing output and produc,twuy by way
of introducing an improved incentive systen and bringing output prices to the level of
“real production costs. In the second stage of the reform (1986-1989) the t },hl planmng
process was gradually relaxed and farms esgercised more and more autonomies in terms
“of resource allocation and actual production management (Coleman, 1989), During
this period (1986-1989), several new forms of farm incentive systems were
“experimented with within the State Fann structure including Slmplc» *md Tenancy
- Contracts, (Ministry of Agnculmre, 1990)

One of the principal aims of the present study is 1o shed some light upon the actual
impacts of the various Govermnment technological and reform policies on  farm
performance in terms of efficiency and productivity,

The analysis of Mongolian agricultural productivity may also make a small contribution
1o the wider debate surrounding the reasons behind the economie failure of Centraily
Planned Agriculure. Only n few studies related to agricultural productivity and
efficiency issues have been catried out for the former centrally planned cconomics
“except for China®,  These studies often had controversial findings and frequently
- pointed against the prevailing course of * < elopment (Carter and Zhang, 1994,
Johnson et al. 1994; Brada and King 1993; hoopman 1989) Moreover, the majority of
these analyses have looked at agricultural efficiency issues from the aggregated
national/international level. Hence our analysis of farm-level data may provide
valuable insights that may have been masked by aggregation effects in previous studies.

A number of papers have suggested that a productivity slowdown + ;s one of the
- major reasons for the deterioration of the overall communist economic system
(Moroney and Lovell, 1991; Bergson 1983, 1992; Levine 1982), A thorough analysis
of Mongolian grain farming using farm level data would contribute to the existing
knowledge on this area, Given the fact that Mongolian grain farms werc almost exact
prototypes of Soviet Sovkhoz farms in terms of structure and functioning and also that
there has been a striking similarity in poiicy change patterns in Mongolian and Soviet
Agriculture, this analysis of Mongolian farm-level data may provide valuable msig,hts

into the chamcteristics of pre-reform Soviet-style agricultural enterprises, ‘

Lt sltould be noted hcre thal due 10 polnical and idcok)gical confrontations cxisted between China
and the rest of the former socialist countries since carly 1960s, mc ecmomic dcvcl(mmcms of the two
groups followed guite different patiems,



3. Analytical framework

Previous analyses of agricultural productivity have mi.d 1 variety of econotnic mod¢ls
mcluding prodm.tmn, cost and profit functions. The choice of an nmﬂydcal framework
in this study is limited by the nature of the centrally planned economic system, The
basic assumptions underlying the market based models such as competitive input and
output markets, and cost-minimising or profit maximising finm behaviour, are not
relevant in this case, Qutput maximising bebaviour is believed to be more in line with
the output target system present in the centrally planned system, For this reason, most
of the empirical studies involving the former centrally planned eéconomies have opted
for the use of pmdummn functions in prd‘c.mnce 1o cost or profit functions, So is' the
case for this study,

Stochastic Frontier Production Function (SFPF) models (see Lovell, 1993 and (bcllfi,
1995 are used in this analysis, They were chosen for several reasons, Firstly, as noted
by Coelli (1995), the SFPF approach is well suited o the analysis of production
efficiency in industries in which data noise is hmy to be a panticular problem.
Mongolian ardble farming upemncet; large Vdmbnhty in yields as a consequence of o
hostile and velatile climate,*

A second reason for the choice of SFPF methods is that when applied to panel data,
SEFPF models are capable of capturing both Lfﬁcmncy change and technological change
as components of productivity change. This is in contrast to conventional productivity
measurement methods, such as index numbers or aggregate production analyses, which
ignore efficiency effects, resulting in potential biases (Grosskopf 1993). This
decompasition. of productivity change introduces an additional dimensicn to the
analysis from the policy perspective, as both elements, efficiency and technical changes,
often entail different pohcy recommendations (Nishimizu :md I’age 1982; Perelman,
- 1995).

A further advantage of the SFPL" mcxhod $ that n can be used to explain efficiency
variation in terms of potential explenatory variables. To the knowledge of the authors,
thus far, no one study on centrally planned economic system has attempted to this,
Therefore, the application of the recently developed SFPE model for inefficiency
effects model (see Kumbhakar et al,, 1991 and Battese and Coelli, 1995) to the
centrally planned agriculture case should provide some valuable information on factors
influencing the efficiency of centrally planned economic systems,

A SFPF differs from a conventional ordinary least squares (OLS) production function
in the structure of the error term, The error tenn is divided into two clements: a
~ symmctnc part reflecting stochastic ¢lements and a non-symmetric non-negative part
representing inefficiencies,

A stochastic frontier production function for panel data may hc deﬁﬂcd as:
’,“'ﬂ = f(x“,ﬁ)exp(vn - Uﬂ, 7 l = l untNﬁ ‘ = lm va; ([)

Wherc
Yi denotes the producnon level for the i-th farm in the t-th year;

] Dain cnvelopmcm analyms (DEA) can also be used the measure efficiency in production, lkmwer
this linear programming mcthm! is not well suited DOIS)’ data becauae it assumes no noi.w is
prcscnt. i



X, is a vector of inpuis associated with the production of the i-th firm in the t-
th period of observation,

£.) is a suitable function describing the production technology (sm‘h as the
translog discussed below);

Vi are assumed to be independent and identically d:smhuicd riandom errors
w ‘hich have normal distribution wuh menn zero and variance oﬁ,

U are non-negative random \:mwbk,s asmcmtcd with the tcchnmal mni‘ﬁcxcncy
of production, and

Bisa vector of unknown prrameters © bc: estimated,

Twao different SFPF pasel ¢ -0 models are considered in this paper. *mc first imodel
assumes that the technical inefficiency effect (L) of a finm is the produet of a random
variable and an exponential time trend (Bautese and Coelli, 1992). 'This model is
applied 1o all 14 years of data and is used 10 obtain information on technical efficiency
~and technological change. The second model we consider assumes that the inefficiency
effeet is a function of a vector of explanitory variables and a random variable {Battese
and Coelli, 1995). This model is applicd to the final three years of data only, because
our data on the explanatory variables are limited to these last three years, This Iatter
~model provides valuable information on the possible causes of efficiency differentials
between farms. The structure of these two sliernative models is outlined below.

Model 1: SFPF with Time-varying Imsz iciency Effects

The fechnical inefficiency cffects in the SEPF with time varsnng inefficiencies are
modetled as (Battese dand Coelli, 1992):

‘ Uy ""“i!‘jf ;!CXP[*I}(P DU e, L (2
where ‘
1 is an unknown parameter to be estimated; and

Ui are independent and identically distributed non-negative rando yariables,
obtained by truncation (at mro) of the normal dxsmbuuon with unknown n\ean
g and variance o%,

We observe that when 11 0, U, decreases as ¢ increases; whcn n< (), Uumcrcnsus, and
when n=0, Uy is constant through time.

Model 2: SFPF with a Model for the lncf/‘ iciency Effects

~ The second model is that proposed by Battese and Coelli (1995) where the inefficiency
effects are influenced by a function of farm-specific explanamry variables:

Uj = 2,8+ Wy . ‘ ‘ ‘ 3)
where ‘ ' ‘
| Ziis a vector of expl.matcry variables associated with the technical inefficiency

effects;

8 is a vector of unknown parameters to be estimated; and
the Wi's are unobservable random variables, which are assumed to be
independently distributed, obtained by truncation of the nommal distribution



with mean zero and variance, o , such that Ums non-negative (i.¢.,, Wy 2 23d),
[One could equivalently say that the incfficiency effects, Uy, are assumed to be
mdgpeudem non-negative truncations of the normal distribution with mean, z,8
and variance, %)

The maximum likelihood method is used to estimate the unknown parameters in cach
of the models. This was done using the computer vrogram, FRONTIER, version 4.1
{see Coelli, 1994), In the case of Model 2, the parameters of both the stochastic
frontier and inefticiency effects model are estimated simultancously, thus avoiding the
statistival biases inherent two-stage estimation methods (Banese and Coelli, 1995).

The technival efficiency (TE) of the i-th farmm in the t-th year is equal to the ratio of the
observed output level to the output level predicted by the SEPF (and hence will take a
value in the 0-1 interval), This can be shown to be equivalent to exp(Uy). As donein
Battese and Coelli {1992, 1995), we use the expectation of Uy, conditional upan
Eq=Vi-Uy to predict the (unobservable) Uy, and hence 10 prediet TEj=exp(-Uy).

4. Data Sources and Variable Definitions
- Concerns regarding gia.ta, from centrully planned economies have traditionally been
rv..l'lled (o their availability and reliability. Prior to the recent reforms, most of the data
made available to the public were tiisg,,msc:d and kept in highly aggregated form mainly
for propaganda or ideological reasons, The enormous quaniity of data used for
decision making, planning and control were not disclosed and hidden away from wider
public use. It was only after the radical reform of 1991, that micro-level data has
become available to the public. 1t is data such as this which is used in the current study,
Farm level input and output data on 48 farms over the 14 year period, 1976-1989 were

obtained from the individual annual farm financial reports kept at the Minisry of '

Agriculture, Data on some fanms in some years were not available. Hence a total of
507 observations were collected, Additional data on farin-specific characteristics for

the final three years of the study period, 1987-1989, were obtained from separate
“sources for the 48 farms, These sources inclided Farm Human Resources Reports
- (Ministry of Agriculture) and the Statistical Yearbooks of the State Statistical Board,

In selecting the adequate variables for the production function, the preferences were

- given to physical 1aeasures rather than monetary values (where ever possible) to avoid
any binses re%ultmg from price distortions. In those cases where the variables were
expressed in value terms, these values are deflated by the official price changes
(Whole-sale Price Reform, 1986),

The 1wo stochastic frontier models employed here used essentiaily the same depandénr
and explanatory variables with a few differences as stated below, Firstly, because thi
farm characteristics data were available only for the last three years (1987-1989) of ths
study period, the model involving these variable was estimated only for this period,
Secondly, in the Model 2, we have included an additional variable, the index of natura’
conditions, to capture and separate the effects of the differences in natural conditions
on the production levels and the efficiency levels of individual fanms,

The variables used in the Stochastic Fronticr I’mducuon Function amlyses are: |
¢ Grain output (i in tonnes) ‘



o Cultivated land (in hectares)

e Labour (in m;mdayi;)

¢ Capital (depreciation and machinery service costs in 1gs)

o Tertiliser in tgs) |

e Other costs, including bags, and materials for harvest (in 1gs)
o Time as a proxy for technical change

+ Index of Natural Conditions.*

The detailed data on farm speeific characteristics (which are used as explanatory
variables for the inefficiencies) were available only by 13 provinces (not by individual
farras) over the three year period, 1987-1989. This provincial level data were assigned
* to individual farms depending on which province each individual farm belonged to, In

other words, the farms belonging to the same province would have the same values for
a given year : ‘ ,
Farm-Specific Explanatory Variables used in Model 2 are:

e The percentage of the Graduates of Vocational Technical School in total number of
grain workers: ; ~ , ‘

o The percentage of workers with more than 6 years experience,

o Index of Natural Conditions®

» Time as ‘pmxy for amitted factors

e Dummy Variable 1 (Russian buili/assisted farms=1, otherwise=0)

o Dummy Variable 2 (Farms invoduced cconomic remunerafion system=l,
otherwises=()) S ; N

‘5. Results and discussion |
Summary statistics on the input and output variables are listed in Table Al in the
Appendix, Tt is interesting to note that the mean values of all variables, except for
sown area, increased over the study period with the highest rate of increase observed
in Other Cost (o 3.5 times increase). We also note that as the mean of production
increased so too did the standard deviation, This may suggest a less than even
distribution of resources between farms or perhaps greater variation in efficiencies,
Model 1: SFPF with Time-varying Inefficiency Effects

Ini this study, the translogarithmic functional form is used for the SFPF,

4 This is an aggregate index reffecting three different variables: soil quality (% of soit organic mauer),
long-lerm average precipitation (mm) and long-term average temperature. This variable was
constructed by Ekh-amgalan and Myagmarjav (1993), ‘ , L Ea

5 This variable was included both in the frontier function as well as inefficiency cffects function in
order 1 establish explicitly the. influence of natural conditions upon efficiency levels of the farms.
The hypothesis being that poor natural conditions will ot only directly reduce land productivity but
 will also have an indirect effect on efficiency through reduced worker motivation resulting from the
unfavourable conditions, , ' ' e
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where the subscripts i and t represent the i- th farm and the t-th year of observition
respectively, Simpler forins such as the Cobb-Douglas where considered gnd
, suchqucmly rejected on the basis of likelihood ratio tests (see below),

Model 1 was estimated for the overall period (1976-1989) as well as for three different
sub-periods  (1976-1980;  1981-1985;  1986-1989),  reflecting  different policy
henchmarks of each of the five-year plans. Some of the key parameter estimates are
listed in Table 1. To conserve space we have omitted the estimates of the second-
order paxameu,rs since these are not of vxml interest, - The full set of results are
available from the nuthors.

Tablel

Maximum-likelihood estimates for the parmnefers of the stmhas(ic fmntwr
pmduchon ﬁmctmns with tinw-vnryin;, y effects for th(- M«,mg,nmm grmn farmcrs

' \'nmsmes l'nr;nmeur Modcl 10 Mouelz.o Modal 30 Modei 4.0
19761980 1981-1985 19861989 19761989

Gonsmnt” T o oMz 03 0.050
{0.12)  (0068)  (0.48)  (0.041)

Land By oo 0217 - 035 0353 0326
‘ 006y (0,11) ©.090)  (2.064)

Labour B 0063 0424 02M 0211
; (0052 (0077 (Q059)  (0.040)
Fertiliser By 0.096  -0.063 0.077 0,043
, ~ C0039) (0053 0041y (0.030)
Capital P 0625 032 0395 0474
: 0101 (0096 (0075  (0053)
Othercost  Ps S 0010 0077 0086 0.076
; - (0031 (0041 0027y (0.022)
Time Be 0030 0425 0009 00257

{0 061) (0030} (0.056)  (0.0074)
[%c:cmd order terms omitted for brevity] , ‘
Frat et 0238 051 0.052 0.75
‘ (0.104) (018) (014 - (0:29)
013y (0092 (017 (0.070)

m 066 1,26 0.24 0.16

‘ o (0.38) - (0.52) (0:16) - (0.41)

; oo 048 -1.26 0,14 0,009

S B (013)  (0.52) (0,14) (0.022)

: Rcturn to-Scale 1,01,1 1133 L‘llﬁ 1131
'I’nc estlimaied standard emrors are pmsenlcd “below lhc: compondlng

parameter estimiaes,



The models m estimated in terms of the transformed varinnce parameters o. wo"w\,
and y=0*/g%  This is done for computational reasons (see Coelli, 1994), The
parameter y ¢an take 8 value between 0 and 1, A value of 0 implies that the technical
inefficiency is not present (and hence that the waditional average response function s
an adequate representation of production technology) while a value of 1 implies that
there IS no noise present, If the parameter | is zero, then the U; have a half-normal
distribution rather than the mc:ra general truncated normal distribution,  The
peneratised likelihood-ratio test® was used to test a variety of hypotieses regarding
funetional forms and error distributions. The results of thcsc tests are hstad in 'I‘ablcs 2
to 5 and arve discussed below,

Panel 1 1976-80

As shown ia Table 2, gwcn the specification of the time-varying meﬂ‘éwncy model (4),
the null hypothesis that all second arder terms are not signifisantly different from zero
“was strongly rejected. (Model 1.1). Thus, the Translog functional form was pmfttrtcd
to Cobb-Douglas functional form. Also, the null hypothesis of no technical change is

 rejected (Model 1.2). Hence, technical change is present in the model, The null

hypothesis that ¥ is zero rejected, implying that the traditional average response
function in which farms fully inefficient is not an adequate representation of the data,
So, the stochastic frontier production function is preferred to average response
function in describing pmdummn technology., The null hypothesis that technical
efficiency is time-invariant s rejected (Model 1.4), HMence, the negative value of 1
suggests that the efficiency levels of farms were decreasing over time. In the final
Model 1,5, the nuil hypothesis that the half-normal di«;mbumn for the mefhcmncy term
was prdcmd to more general representation was aceepted.

Table 2

Generalised-likelihood Ratio Tests of Hypotheses for Parameters of the SFPF
Models for Grain Farmers in M;mgoha for Panel 1: (1 ‘)76«»1980)

"Asaumptium Null llypm!ms;is Tloge A‘ »statistm “Value of  Decision
o . e Liikelihood JStatistie

mel 1.0 : ‘ 31700 ,

Model 1.l Ha §; Apu‘;}‘e::(), 68,58 ?C%x.aﬁs =3267 6L74  HyReject
Model 1.2 Ho Propebhsd 6399 Xl =1407 5256 HuReject
Modll3  Haye0 5L Al =782 2023 HaReeat
Model 14 Hotn=0 4603 X2y =384 166 Bot Reject
Model 1.5 CHaps0 - 38,50 , x?o‘”gﬁg_&i 158 Hy: Accept

The same battcry of hypothasns tests are applied to the second panel. 'I'he test results

listed in Table 3 indicate that the same conclusions are made on all tcsts with the one

6 *l‘ha hkclihood«raﬁb m; smtistic is caleulated ns A = ~2(Iog[leqlmood (Ho)] - Likelinood (H;)), 1t
s chi-square distribution, with parameter equal o the numm ol‘puwmcwrs nssnmud 0 br« #eroin
the hull bypﬁlh(:sis + Ho, prmudf:d Hg s true. :

10



excc‘mion that the null hypothesis that technical efficiency is time-invariant is not
rejected in this ihstance,  Thus, even though the negative sign on the N estimaie
suggests it efficiency was decreasing over lime. the test result indicates that this is
not stahstmmly sighificant,

Table 3

Generalised-likelihood Ratio Tests of Hypotheses for Parameters of (he SFPF
Models for Grain Farmers in Mon;,()lus for mel 2: (1981. 1}85)

Assumplimns Nmillypmhe,si,s Loge statistic “Valueof mclsims
, ‘ likelihood X! M“h ; statistie
Modet 2.0 : “15.026 : S
Model 21 D PesfePus0, 10729 g2 w267 6452 HRejeal
id”lﬁ g‘s« ) : e
Model22  Ha BeBehed B6.16 42 =407 0 2227 Hy: Reject
J= : ' _ S
Muodel 2.3 Hgrys ) 8004 x§~ aus =782 11.82 Hy: Reject
Modei 24 Tyns0 TG0 xR =384 235 HoAccopt
Model 2.5 Hotjt= 0 CT600 =384 233 Ho: Accept

Pancl 3: 198689

Table 4 contains the test results for the third pzmel The conelusions made on all fests
~ are identical to the conclusions for the first panel. We note however that the posith :
signon th e n estimate indicates that efficiency was inereasing over time,

Table d

Generalised-likeliiood Ratio Tests of Hypotheses for Parameters of the SFPF
~ Models for Grain Farmers in Mom,olm i‘or !'aml 2; (1986- 1989)

Ammmmus Null h;pothesiq TLeg e smtnmc " Valueof  Decision
_ _ likelihgod .. Stafistie
Mmim 30 ' 1153
Model 3.1 Ho: By=Pu=Pu=t, 1120 w2 o=3267 - 4551 HotRefect

. ‘ i;jwlwu o " ) i
Model 3.2 Hy [}ugpwﬁ.‘ao 3 42c=1407 1700 HoRejeot
Mod33  Way=0 A6t 42 oqgy 4973 HoRejer
Modgl 3.4 Hy =0 s 9,33 %? oss =384 442 Hpt Reject
Model 3.5  Hgp=0 SO0 g2 =384 106 HoAccept

Tabie 5 conramtz the test results for the full panel, The conclusions made on all tests
are jdentical to the conclusions for the second panel, The conclusion that technical
inefficiency is ime-invariant is not surprising given that the results for the three sub-
panels suggested a period of decreasing efficiency, followed by a stiisl'ﬂnt Pcﬂﬂd» then
a period m‘inmeus ng :sz'ciunrxy;
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A likelihood ratio test was used to test the null hypmhem that the values of the
parameters of the SFPF were identical ncross the three sub-periods versus the
alternative hypothesis that they were diifamm (a Chow test), The iest statistic was

ealeulated to be 682,60, This exceeds the X%w, oos critical value of 83.5, hence we
~ reject the null hypothesis and conclude that the results from the models estimated for
(he three sub-panels should be thu focus of our attention,

Table §

(,cncmlus,ed.hkehhood Ratio Tests of Hypotheses for Parameters of the SFPF
Maodels for Grain armers in Mong,olm mr lhe F ull I’.uwl (1976»1989)

Assumpmms Null H;m;hcsis Tog- & L statistic “Value of  Decision
, A ; likelihood R statistic
Mmlelth() mo.m , S
Model 4.1 Hy Bﬁa[}“..n“mo 3095 g g w3267 26169 HatRejoot
. . lpj"‘l) ngsv = 5 B B
Modeld.2 ~ Hy Pe=Bepu=0 6830 421407 5640 HyReject
LS, K e S ‘

- Model 4.3 Hety=0 ANO5 4R =782 4709 HaiRejeet
Modeldd  Hgn=0 CUOLE G2k 0,06 Hot Aceept
Model 4,5 Hp =0 23 4t =3R4 224 Hyt Accept

To conclude, the three '%pamtc sub»pzmcls divided gecording to five year plans have
been statistically preferred option auunst u singie overall panel. Tn terms of the
mr*ff"mency trends, the inefficiency increased in the first panel (1976-80), and was
stagnant in the second panel (1981-1985) and declined in the third panel (1986- 89)
suggesting some efﬁmency mprovement towards the end of study period,

The first order parameter estimates (listed in Table 1) assoei jated with the input
~ variables may be directly interpreted as partial elasticities of the output with respect to
individual mputs, evaluated at the Samplc menns of the data,” Furthermore, the
parameter estimates associated with the time trend, 1, may be interpreted as the annual
percentage change in output due to technological change, evaluaied at the sample
means of the data. Given this, the technical change at the mean of data was not
significantly different from zero in Panels 1 and 3 and positive and significant in Panel
2. Furthermore, in most models the input elasticities have the expected signs and are
mgniﬁcdm y different from zero, ‘The one regular exception is the fertiliser elasticity
“which is often insignificant, and is in one instance incorrectly signed, These fertiliser
results are consistent with some earlier studies (Ulziibutag, 1992; World Bank 1995)
who suggest that some wastage may have resulted from inapyropnaw fertiliser
application,

The scale elasticity is obtained as the sum of the ﬁve partinl mput; clasticities, These
sums are observed to be 1.011, 1.133 and 1,131, in Panels 1, 2 and 3, respectively,
This indicates that the farms are operating at uithc:t constant or mildly increasing
returns to scale during this period, This result suggosts that the prewnt post*retom’x

T 9his is because mean-corrceled data wag used in estimation,
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~ policy of Sphtung these State Farms into snmller farms canriot be justified with a scale
economies argument,

The distribution of echnical cfﬁciencics of farms in the individual panels are illustrated
in Figure 1, The efficiency distribution of farms in Panel 1 and 3 have a similar shape,
‘where the majority of farms are in the middle range of efficiency intervals suggesting
‘considerable room for efficiency improvement, However, in Panel 2, most of farms are
in the higher range of efficiency distribution suggesting the majority of farms were
functioning close to their frontier during that pcri,od. :

Flgurc 1

Graln Efficlency Distribution, lndlvldual panels

m 197660
m 168185
n1986-09|

Frequency (%)

Following a similar approach to that used in Nishimizu and Page (1982), we combine
information on technical efficiency and technological change to obtain an overall
measure of TFP change. The influence of these factors are summarised by the indices
listed in Table 6 and plotted in Flgure 2.} We observe that over the 14 year period .
there was a 13 perccnt decline in technical efficiency and a 7 percent technologxcal
regress, resultm;, in an ovurall dcclmc in TFP of 18 percent. Tha news xs not all bad

ﬁve years at a time when the Government was pursumg a program of mcreaSmg
production by increasing input usage, The final nine years of the period are, however,

¥ The technological change measurcs for the breaks between ihe pnncls were calculated as follows. In
the case of the 1980/1981 we predicted mean production in 1980 using mean input data from 1980
and then predicted mean production in 1981 using the 1980 data. The ralio of these two predictions
provides a measure of technological change, We répeated the process using 1981 input data and then
used the geometric mean of these two tecYinological change measures as our final measure, The same
procedure was used for the 1985/1986 break period,
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characterised by improving TEP levels, with the TEP index rising from 0.523 in 1980
to 0.817 in 1989, which equates to a 56 percent growth in TFP, This indicates that the
“intensive' technology and incentive reform policies of the 1980°s had some impressive
success. ' ~ ' ‘

“Table 6

~ Tndexes of Efﬁcicncy, Technology and TFP of Mongolian Grain Farms

Year  Efficiency  Technology TFP
9760000 1000 “1.000
1977 B39 0.970 0911
1978 0.858 0941 0.807
1979 0,736 0913 0.671
1980 0.591 {885 .523
1981 1,048 0,558 0.584
1982 1026 0,627 0.643
1983 0.996 0706 - 0703
- 1984 0.958 0% 0,701
1985 1909 0.893 0.812
1986 0773 0.909 0,703
1987 0808 0918 0.741
1988 0.841 0.926 0779
1989 0874 0934 0817

Figure 2

Indexes of efficiency, technology and TFP
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Model 2: SFPF with a Model for the Inefficiency Effects

Maodel 2 is estimated using the final three years of the data period (1987-1989). This is
because: the data on farm characteristics was only available for this period, The ML
estimates are presented in Table 7. Again the second ord=r terms are omitted to save
space. We observe that many of the reported parameter estimates are similar to those
‘obtained in Model 1, A battery of tests regarding functional form etc., similar to those
tests conducted for Model 1, where also conducted for this model. The results of
these tests were similar to that found for Model 1. Hence they are not reported here.
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The one test which is of particular interest in Model 2, is the test of the null hypathesis
that the uwﬁmxcncy effexts are not functions of vocation technical graduatcs,
experience, time, Russian management, incentive system and differences in natural
conditions, ‘That is, Hat 8i=... =90 The calculafcd value of the likelihood ratio test
statistic was found to be 14.52, which is greater that the table value )3, =12.53,
Hence the null is rcjccwd, indicating tlmt these factors do have a mgmficant influence
upon technical efficiencies.
~ Table?
Mamnum-hkduhm)d estimates for the pnmmcu,rs af the stochastic frontier
production functions with Inefficiency Effects Model, 1987-1989‘

\’:lmblcc L ) Pmmewr . Estimate
CCoitant Ba ‘ ' .73
A ' 0.21)
Land Ry - 0.61
; ; o : (0,24)
Labour : By 035
, B C(02)
Fertiliser . By 0.156
; O ; ' (0.086)
Capital . Pe 025
‘ 0.14)
Oither cost P 0.045
e £ ; ‘ S (0.036)
Natural Cond. ~. B 0.0050
R T L S 0.0018)
11111(} {37' . 0.53
@Q2n
[second order terms are omitted for bmwM
Inefficiency Model :
- Constant - : & SRR )
: : ; , , (0.80)
Vocational Tech, Grad . & e 00132
(0.0039)
Experience ‘ 8, o £.0087
: : ~(0.0089)
Time . B 049
, : : : (0.11)
D-Russian-built of -0.34
D-Incentive 8 0.23
; ; ; (a3
Natural Cond. B Q0082
L (0.0053)
- = oo 0.140
e (0.025)
y= oo, 099999
, - (0.00014)
_. Log-Likelihood 54
T The cstimated sandard orrors are prcsemcd below lha corresponding
pmmcmresumatcs
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The priniary purpesc of estimating this model was to establish the main causes of
efficiency variation among the farms, The signs on the estimates of the & parameters
agree with our initial expectations. The negative estimate associated with Vocational
Technical Graduates suggests that those farms with better educated workers achieved
“higher efficiency levels, The negative sign associated with Experience suggests that
those farms with workers with higher levels of experience performed better. However,
due 10 a large standard error, the relationship was found to be weak,

The first dummy variable, D-Russian-built, representing those farms built and assisted
by Soviet Experts had a negative parameter estimate, This suggests that, those farms
built and advised by Russian experts were pcrfonmng nt a higher efficiency level than
the rest, The second dummy variable, D-incentive is also negatxve, This indicates that
those farms which had a higher degree of autonomy in terms of finance and
management through an Incentive Promotion Scheme performed with higher efficiency
levels than those not involved in the Scheme. However a large standard error suggcsts
a weuk rleumwhxp being present,

The parameter estimate associated with the Vdnable, Natural «*; ndition, was found to
have negative sign, but with a large standard error, This sign suggests, that those farms
Jocated on better natural conditions performed cl‘ighﬂy better in terms of efficiency

 performance. One possible explanation for this result is that the workers who were
forced to farm marginal cropping lands (i.e., land which was not very well smted to
growing crops) often lacked motivation because of frequent crop failures.”

Finally, the parameter estimaie associated with Time is found to be positive, This
paramefer is difficult to interpret since it as been included to proxy omitted factors
which may vary systematically throngh time, However, a large standard error suggests
that this variable is not chrly important,

6. Conclusions
Technical ef ficiency, technological chang,e. and TFP of Mongohan grain farming were
“investigated for the period ,1976-1989, using two different SFPF models. A SFPF
Model With Time-Varying Inefficiencies was applied to three different sub-panels,
reflecting different policy hallmarks (five-year plans); Farm efficiencies were found to
be decreasing in the first sub-period, stagnant in the second sub- penod and increasing
in the third sub- pcnod This suggests that the policy initiatives taken in the last sub-
period (1986-1989), in the form of greater farm autonomny and various innovative
-work re—orgamsatxons, such as tenancy contracts, had a positive influence upon farm
efficiencies. However, we observe that a wide distribution of technical efﬁc:cnclcs
between farmers suggests that there is still a lot of room for improvement.

The measures of technical change obtained for the three sub-panels also agree W1th our
expectations. We observe that technological change was essentially absent in the first
and third periods. This can be rationalised by recalling that the policy emphasis in the
first penod was upon expansion of input use and that in the third period was upon
efficiency improvement. We also obsem that technologwal progress was qmtc strong

® A number of the newer farms were established on such land, This was 3 consequence of the
Govemnmients desire 10 achieve self-sufficiency in grain supplies,
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in the second period, most hkc.ly Q consequencc of the intensive technology reforms
introduced during that pcnod.

Indices of u:chmc:ﬂ efficiency, tectmology and TFP were calculated and plotted for the
14 year study period,  From 1976 to 1989 we observe a 13.6 percent decline in
efficiency, a 6.4 percent decline in technology and an 18.3 percent overull decline in
TEP, These declining figures are in accord with productivity measures obtained in
other centrilly planned economics. However, there is some good news hidden
- amongst these poor results, During the final nine years of the study period we ohserve
improving TEP levels, with the TFP index rising from 0.523 in 1980 to 0.817 in 1989,
which equates to a S6 percent growth in TFP, This indicates that the “mkcnsw
techriology and incentive reform policies of the 1980's was bcgmnmg to achiev
considerable surcess.

One additional result of particular interest is that the fwrms were observed to be
operating in an area of constant or mxldly increasing retums-to-scale. This st uggests
that the current policy of reducing farm sizes cannot be jmuf ed using seale eronomnes

argumients, >

A second SFPE was é‘mm.atcd in which the ineffi iciency effects were modelled as an
“explicit funetion of a vector of farm-specific charneteristics. The results of this model
suggested that the efficiency levels of farms were positively related to the levels of
technical education and expericnce of farm workers, the degree of management
autonomy and the amount of Russian technical assistance, These results indicate that
policies aimed at improving education levels and retaining experienced workers will
pay dividends in terms of technical efficiencies. They also suggest that the present
“reform process of giving farmers complete management autonomy (ownership) should
improve efficiencies, however they also suggest that we should not hastily throw out
all aspects of the Russian technical systems as they appear to have had a positive
influence upon farm efficiencies in the past,
The results prascmcd in this paper will form part of the PhD thesis of the senior
author. Further work will include a repent of the analysis using alternative
mcthc.»dologles such as data envelopment analysis (DEA) and index numbers, so as to
test the robustness of these results to choice of methodology. We shall also consider
the influence of permitting more flexible technological change structures in the SFPF
mz;gah and we also plan to mvequgatc the impact of mcludmg climatic data into our
-~ models. :
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Appendix g
' Table Al
Summnry Statistics on lnput and ()utput Data

Variable “Mean am. Deve — Max,value  Minvalue
1976-1980 907 6315 285487 1500
19811985 115158 9297.4 A7848.0 1717
1986-1984 1343R.9 99628 65863.5 51
1976-198Y 9977.1 83047 65863, 51
Sown aren (ha) i :
1976-1980 117115 15687 R vy i X1 I 500.0
19811985 11380.8 £942.7 29010.0 200.0
1986-1989 C 380 67660 2051710 50,0
1976- ‘)8') 106K0.6 T486.6 257170 - 500
91(: 1980 27867.0 277906 2106720
1981-1985 331798 230406 1116450 - 13860
1986-1989 34348.6 241471 189183.0 880
‘976'1939 3'958«4 2533803 21{}6721’ : 2“;1
1976-1980 2374 2009 : 9599 0.7
19811985 473 M4 2050 1.1
19861989 472.2 3442 , 14263 RN i

1976-1989 2902 2451 20056 ' 0.7

~ Capital (000 tgs) | .
C1976-1980 18010 1283.9 59505 [T
1981-1985 2272.6 21496 220894 , 34.9
1986-1989 2150.5 Sy 75892 3l
1976:1989 21163 s aeme M
1976~1980 : 179.8 186.2 11045 0.3
1981-1985 3963 60,5 19674 04
1986-1989 632.2 1168 AI56.T hd

WTGA9% 661 A9 voi4 03
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