Chapter 5

INSTITUTIONAL EFFECT ON
CHINESE FOODGRAIN
PRODUCTION VARIABILITY

5.1 Introduction

A natural extension to Chapter 4 is to examine changes in the components of total variability
of Chinese foodgrain production over time. This extension may help to reveal any patterns
in the variability changes. If the periods split for the analysis are largely consistent with
major institutional changes or fundamental policy changes, it would also provide some
insights into institutional or policy impacts on the variahility. T'hgse impacts are usually
difficult to measure directly.

Previous works in this direction, e.g., Hazell (1984, 1985), Stone and Zhong (1989),
involve comparison of components of total variability between two periods. This is probably
acceptable if the objective is to discuss the changes in the components of total variability
over the two periods. However, to inspect any patterns of changing variability and its
components, separating the entire time space into just two parts is potently insufficient,

although, in many cases, limited sample size prevents many divisions of a time-series in
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order to maintain statistical reliability.

The purpose of this chapter is twofold. First, changed variability of Chinese foodgrain
production is decomposed into components associated with sown-area and vield changes
over three time periods. This may also give some flavour of changing patterns in China’s
foodgrain variability. Second, institutional or policy effects on the variability are explored.
An important step towards obtaining these objectives is to determine the break points
in the time-series. This is addressed in section 5.3. after briefly reviewing the variance
decomposition technique in section 5.2. The decomposition results can be found in sections
5.4 to 5.6, together with discussion of the effects of policy or institutional changes. Finally,

a surmnary section is provided.

5.2 Analytical Framework

Based on the work of Goodman (1960) and Bohrnstedt and Goldberger (1969). Hazell (1932)
developed a variability (indicated by variance) decomposition technique, which decomposes
the total output variability into sown-area and yield components of different crops and
regions. A useful feature of this technique is that it enables calculation of the changes
in the composition of total variability over time. If a sufficient number of periods can be
separated, the application of the approach could potentially provide a dynamic picture of
the variability and its components.

The basic formula to start with is

nr nc

Qe = > AuiYis (5.1)

k=11=1
where () denotes national foodgrain output, ¢ time-period subscript. 4 sown-area. and ¥

yield. The subscripts k, ¢ are for regions and crops and nr and nc represent number of
regions and number of crops, respectively. Using h and j as the other subscripts for regions
and crops, and letting crop subscripts (¢, j) go from 1 to nc and region subscripts (k, h)
from 1 to nr, it can be shown that

Var(Q:) = DY Var(AwmiYumi) + 2> > Cov(ApmiYini, Ainjtin,)
h J

h izj
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The covariances in (5.2) can be expressed (Bohrnstedt and Goldberger 1969, p. 1441) as

Cov(AeniYinis Aek;Yeks) =  AwniAijCov(Yini, Yirs) + Ani Yoy Cov(Yinis Ais )

A YiriCov(Aunis Yis) + YoniYin; Cov(Anis Aej)

-+

b COU(Athi, Y,‘_hi)CO’U(Atkj, }—tkj) + R, (5.4)

where A and Y denote mean of sown-area and mean yield, respectively. R is a residual
component containing terms with third or higher moments.

Let t=1, 2, and defining each variable in the second period as its counterpart in the
first period p.us the change in the variable between the two, represented by 6, e.g.. 4.5, =

Api + 8 Ap; and Cov(Aapg, Yors) = Cov(Arns, Yiay) + 8C0v(Api. Yi). then

Qr = Y (Aipj + 845;)(F1in; + 6Fn;)

h 7
+ 3> Cov(Arnj: Yinj) + D > 6Cov(Anj: Yaj)
P R
= > Z ArniYins + DY Cov(Ayn;, Yiny)
R R g

+ZE 41;7] (5}}” ZZY&}U‘ 5:‘11.‘_7‘
R
+ZZ Ay 650 + 5> 8Cov(Ap;,Y0;) (5.5)
h 7 h J

can be obtained. As the first two terms on the RHS of the above equation are equivalent

to @1, the change in the mean production is thus

6Q = Q,—-0Q,
= ZZ Amj ﬂj'hj - Z ZYM]‘ 5;1}1]‘
ko w
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DD 6AR Y+ Y Y 8Cou(Apjs Yij)- (5.6)
h J h j

Equation (5.6) indicates that change in mean production can be attributed to four sources.

as described in Table 5.1.

Table 5.1: Components of Changes in Mean Production

Description Symbols
Change in Mean Yield Y
Change in Mean Area §A

Interaction between Changes in
Mean Yield and Mean Sown-area §Y,64

Change in Covariance
between Sown-area and Yield §Cov(A.Y)

A similar procedure can be applied to derive the components of change in “he variance
of production. Without duplicating the derivation as given in Hazell (1982, pp. 46-7), Table
5.2 is used to list the sources of change in total production variance.

The third source in Table 5.2 is composed of two parts, one due to changes in intra-crop
vield variances and the other due to changes in various yield covariances. The second part
can be further disaggregated into three components (Hazell 1982, p. 31), as sumrmarised in
Table 5.3. The sixth term in Table 5.2 is also composed of two parts. one due to changes
in intra-crop covariances between sown-area and yield, and the other due tc changes in
inter-crop and inter-region covariances between sown-area and yield. The seccnd part can
be fur:her disaggregated as well into three components (Hazell 1982, p. 22). as defined in
Table 5.4.

It is feasible to express a variable in the first period as its counterpart in the second
period less the changes, and then to find sources of changes in total mean output and output
variance. However, as this approach confounds pure and interaction effects (Hazell 1982).

it is thus not adopted in this study.
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Table 5.2: Components of Change in Variance of Production

Term Description Symbols
1 Change in Mean Yield oY
2 Change in Mean Sown-area 64
3 Change in Yield Variance §Var(Y)
4 Change in Sown-area Variance §Var(4)
5 Interaction between Changes in

Mean Yield and Mean Sown-area §Y,64
6 Change in Covariance

between Sown-area & Yield ECov(A,Y)

-~

Interaction between Changes in
Mean Yield & Sown-area Variance €Y, 8V ar(4)

8 Interaction between Changes in
Mean Sown-area & Yield Variance &4,V ar(Y)

9 Interactions between Changes
in Mean Sown-area & Yield and
Changes in Covariance §Y .64 &
between Yield & Sown-area §Cov(4,Y)
10 Change in Residual ¢R
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Table 5.3: Components of Change in the Inter-crop
and Inter-region Yield Covariances

Description Symbol

Change in Standard Deviation

of Yield boy

Change in Correlation Coefficient
between Yields 0p,y )

Change in the Interaction among

Standard Deviation of Yield

and Correlation Coefficient

between Yields 80y . 0Py

Table 5.4: Components of Change in the Inter-crop and Inter-region
Covariances between Sown-area and Yield

Description Syvmbol

Changes in Standard Deviations
of Sown-area and Yield Soy,bo4

Change in Correlation Coefficient
between Yield and Sown-area 5,0“,'{”

Change in the Interactions among Standard

Deviations of Sown-area and Yield

and Correlation Coefficient between

Yield and Sown-area boy,804.6py 4,
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It is noted that data used in this chapter were detrended in the way described in section
4.3. The detrended data are split into three sub-periods, as is explained in the following

section.

5.3 Determining Time Periods

The split of time periods is important for this kind of analysis because different splits
may well lead to different conclusions (Tisdell and Alauddin 1988). Although selection
of time periods is inevitably arbitrary, it largely depends on the objectives of the study.
To attempt to identify the effects of major institutional changes on Chinese foodgrain
production variability, the whole period under study (1949-85) is divided into three sub-
periods: 1949-58, 1962-77 and 1978-85.

The first subperiod (1949-58) was dominated by a non-socialist farming system, which
includes the first land reform (1949-52) and the cooperative transformation of agriculture
(1952-57). The socialist commune system, built on the advanced agricultural production
cooperatives, was initiated in August of 1958 and implemented by the end of 1958 (Ma 1982).
As far as crop production is concerned, 1958 can be classified into the period with non-
socialist farming. Although socialist elements kept increasing in the agricultural sector from
1952 onwards and the foodgrain procurement policy was initiated in 1953, strict government
control over agricultural production and marketing was not politically overwhelming. The
inclusion of 1958 in the first sub-period is also due to the fact that 1959-61 was an unusual
period in China and is excluded from the analysis. The impact of the ‘great leap forward’

on production in 1958 is probably insignificant. It is noted that 1952-5

T is the first five-year
plan period.

The second sub-period (1962-77) is characterised by a fully socialist farming system.
During this period, a three-tier system of collective farming was in effect. It is the collective
farmir g structure that made it possible for political intervention and a highly centralised

command system to be effective. This period includes the infamous ‘cultural revolution’

(1966-76) when radical politics prevailed. It also includes the ‘green revolution’ in which
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modern cereal varieties were widely adopted.

The third sub-period (1978-85) can be characterised as having a family-farming system.
In many aspects, it is similar to the system before 1958. However, it differs from the
non-soc.alist farming system because the three-tier production structure still ramains, at
least nominally. In particular, the procurement policy was fully in operation during 1978-
85. This policy was aimed at ensuring the basic needs of national food consumption and
restricting large fluctuations in foodgrain production. Since this policy was implemented
through a strict control over sown-areas, it could be expected that procurement policy may
produce a stabilising effect on foodgrain production. The third sub-period also differs from
the collective farming system as the agriculture production responsibility system (APRS)
prevails in this period. From 1978 onwards, individual farmers gained certain decision
powers and families were directly facing and bearing any risks in both production and
marketing.

Analysis of the change in the variability from the first sub-period to the second sub-
period can reveal the impact of collective farming on variability. In essence, the impact is
from the introduction of the central planning and army-style command svstem. Conversely,
change ir. the variability between the second and the third sub-period may explore the
effect of recent economic reform and APRS on variability. If the first and the third sub-
periods are considered, the effect of procurement policy on variability can be examined. It is
worth meationing that the procurement policy might not significantly influence production
variability in the first sub-period as the quotas were not very tight and no restrictions on

sown-area were directly imposed by the central government.

5.4 Effect of Collective Farming

The transition from private to collective farming was accompanied by a progressive in-
troduction of economic plans. These plans were basically for maintaining and stabilising
foodgrain oroduction, largely through control over sown-area. The transition also coincided

with the progressive adoption of modern cultivars, which certainly contributed much to the
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increased foodgrain output, but may possibly also bring about higher variability of food-
grain production (Hazell 1984, 1985). However, the effect of modern cultivars should mainly
be associated with crop yields. Thus, change in variance of foodgrain production in China
between 1949-58 and 1962-77 is expected to be inversely related to changes in sown-area,
but positively related to changes in yield. The change in mean production is expected to
be dominated by those components associated with yield.

The decomposition results are largely consistent with the above comments. From 1949-
58 to 1962-77, total variance increased by 1.67 x 10** jin?. As shown in Table 5.5 (far-right

column), this increase consists of some 83.1 per cent due to increase in yield variance

Table 5.5: Components of Change in the Variance of Total Foodgrain
Production, All China, from 1949-58 to 1962-77

Sums of Inter-crop Inter-region Covarlances
Intra-crop Covariances Covariances  between Crops All
Component!  Variance within Regions within Crops and Regions China
{per cent)*
3% 0.2 0.1 0.6 2.3 3.2
64 -0.1 0.0 0.1 0.1 0.1
§Var(y) 3.2 3.3 14.2 62.4 83.1
§Var(.1) 0.4 -0.5 2.2 -3.0 -0.9
§Y,6 J} 0.0 0.0 0.0 0.0 0.0
§Cov(A,Y) 0.3 -0.5 9.7 4.6 14.0
5 4 5‘1 a’r(Y ) -0.1 -0.4 1.0 -3.2 =27
L EVar(A) 0.4 -0.5 1.6 -2.0 -0.5
§Y,64 &
§Cov(A4,Y) 0.3 -0.1 4.0 1.3 5.5
§R 0.0 0.0 -14 -0.5 -2.0
Sum 4.6 1.4 32.0 61.9 100.0

1 See Table 5.2 for definitions of the symbols.

2

The percentages are obtained by using the absolute value of change in total vari-
ability as denominator. Thus, a negative figure in the table means a stabilising
contribution and vice versa.

and covariances [§17ar(Y')], 3.2 per cent due to increase in mean yield, and 14.0 per cent

due to increase in the covariance between sown-area and yield. The ‘pure’ yield eifect
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Table 5.6: Disaggregation of the Contribution due to Changes in Yield
Covariances, from 1949-58 to 1962-77

Components!
oy &
boy  8pyy 8pyy, Sum
{per cent)
Crops within Regions 3.11 0.00 0.00 3.11
Inter-crop within Reglons 1.74 -0.02 1.45  3.16
Inter-region within Crops 2.75 0.89 10.04 13.66
Between Crops & Regions  9.36 4.27  46.32 59.97

Sum 16.96 5.14  57.80 79.90
! See Table 5.3 for definitions of the symbols.

(6Y +¢Var(Y')) accounts for 86.3 per cent, while the ‘pure’ sown-area effect (64 + 3§V ar(4))
accounts for a tinv —0.8 per cent. In other words, the changed variability is largely from
changes in yield, particularly in vield variance. The contribution by sown-area is probably
negative. From the bottom row of Table 5.5, the contribution by sums of regional intra-crop
variances is negligible (4.6 per cent). The dominant source of the increased variability is
output covariance between crops and regions (61.9 per cent), which is mostlv attributable
to increase in yield covariances between crops and regions. In fact, the increase in the
vield covariances between crops and regions alone contributed more than 62 per cent to the
total change in the variance of China’s foodgrain production over the two periods under
considaration.

Fu-ther decomposition of the 79.9 (3.3 + 14.2 + 62.4) per cent contribution due to yield
covariances indicates that 17.0 per cent of the contribution is due to changes in standard
deviations of yields, 5.1 per cent due to changes in yield correlation coefficients, and the
remaining 57.8 per cent due to changes in the interaction of changes in standard deviations
and correlation coefficients (Table 5.6). This suggests that concurrent changes in both the
standerd deviations of and correlation coefficients between yields is the main source of the

overal. increase in the variance of China’s foodgrain production.
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Table 5.7: Disaggregation of the Contribution due to Change in Covariance
between Sown-area and Yield from 1949-58 to 1962-77

Components?
boy bdoy,dc,
Say  dpyv. & dp.,, Sum
(per cent)

Crops within Regions 0.09  -0.12 0.28  0.26
Inter-crop within Regions  0.56  -1.00 -0.08  -0.52
Inter-region within Crops -0.59 0.87 9.25  9.53
Between Crops & Regions 5.24  -5.08 4.26  4.43
Sum 5.32 -5.33 13.72  13.70

1 See Table 5.4 for definitions of the symbols.

Increase in the covariances between sown-area and yield contributed 13.7 (0.26—0.52
+ 9.53 -+4.43) per cent to the total variability change (Table 5.7). This is composed of
9.5 per cent due to increase in inter-region covariances within crops {Table 5.7). Increases
in standard deviations of sown-area and yield contributed about 5.3 per cent, which is
cancelled out by the component due to decreased correlation coefficients between sown-area
and vielc, thus leaving almost all of the increased covariance between yield and sown-area
due to increased interaction among variance of sown-area, vield variance and the correlation
coefficients between yield and sown-area.

The 4.6 per cent contribution of the sums of intra-crop variances within regions is
composed of 3.2 per cent due to change in yield variance, 0.2 per cent due to change in
mean yield and 0.4 per cent due to change in the variance of sown-area (Table 5.5).

The composition of the 4.6 per cent contribution by regions is tabulated in Table 5.8.
Recalling that the residual region is artificially defined to allow for successful variance de-
composition and thus should be ignored when interpreting the results, the largest contrib-
utor is Hunan (12.5 per cent), followed by the other-regions (11.0 per cent). Three regions
(Ningxia, Qinghai and Tianjin) contributed nil when rounding to one decimal point.

The composition of the 4.6 per cent contribution is also presented by crops in Table
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Table 5.8: Components of Changes in the Sums of Intra-crop Variances,

by Region, from 1949-58 to 1962-77

Components!
§Y §4 & §Y & 6Couv(A,Y)
Region 3% §A  &Var(Y) 6Var(4) §A  6Couv(A,Y) 6§Var(Y) 6Var(A) & 6Y,64 SR Sur?
(per cent)®
Anhui 9.5 -1.6 55.6 3.0 0.1 28.9 -8.6 1.4 11.4 0.2 4.6
Hubei 1.1 1.0 14.4 223 0.1 30.1 7.2 11.0 16.7 -3.8 6.
Hunan 1.3 0.4 26.9 13.0 0.0 36.8 3.2 8.5 13.9 -4.1 12.5
Guangdong 1.5 -0.1 99.1 -0.8 0.0 11.6 -12.9 -0.7 3.7 -1.4 4.7
Gansu 0.9 0.4 63.5 6.1 0.0 12.0 4.3 3.2 10.1 -0.5 0.t
Guangxi 0.4 0.0 44.8 5.6 0.0 34.0 0.6 5.3 13.4 -4.1 3.7
Guizhou 1.7 -1.0 85.3 6.5 0.0 17.2 -5.1 0.9 0.0 -5.4 0.2
Heilongjiang 5.1 0.6 40.0 2.5 0.0 21.8 11.3 4.0 15.1 -1.3 1.5
Henan 10.7 -0.6 112.7 0.2 -0.2 -9.7 -10.4 -2.5 -2.0 1.7 6.2
Jiangsu - 3.1 0.3 40.2 18.0 0.0 16.0 -0.6 14.2 12.8 -3.9 8.0
Liaoning 21.6 0.1 91.8 -4.0 0.0 -2.9 -15.0 -6.4 14.2 0.5 1.3
Ningxia 6.9 5.4 44.8 0.5 -0.3 17.7 16.1 -4.1 13.9 -0.8 0.0
Qinghai 0.2 2.2 27.9 9.9 0.1 19.5 13.6 8.0 19.2 -0.4 0.9
Shaanxi 1.5 -0.1 105.6 4.7 0.0 -11.4 -2.7 3.4 -2.5 1.3 0.5
Sichuan 6.7 -3.2 84.2 4.2 -01 8.7 -4.8 3.6 7.6 -7.0 4.3
Shandong 48 -0.8 75.5 3.6 -0.1 3.1 -1.0 4.3 12.1 -1.4 6.7
Shanghai 1.2 1.7 10.5 36.9 -0.1 24.7 2.5 11.7 13.8 -2.9 0.l
Shanxi 4.8 -1.1 76.0 3.4 -0.1 3.1 -0.8 3.7 9.7 1.4 0.5
Tianjin 7.5 1.8 24.8 12.6 0.6 20.4 4.1 13.3 11.5 3.5 0.9
Xinjiang 0.4 9.0 7.6 6.8 -1.7 40.1 4.4 3.4 33.4 -3.4 0.2
Zhejiang 0.3 0.5 40.0 6.4 0.0 33.3 4.7 4.7 13.6 -3.5 3.3
Other-regions 53 -2.4 115.5 -1.9 0.3 -21.1 -3.1 7.6 -5.4 5.2 110
Residual Region 65 -3.8 87.6 134 -0.2 -20.1 -6.4 16.1 0.8 6.2 228
China 4.8 -1.2 69.3 8.5 -0.0 5.7 -2.7 8.2 7.3 0.3 10C.0

1 See Table 5.2 for definitions of the symbols.

2 The percentages are obtained by using the absolute value of change in the sum of intra-crop variances of saca region as

denominator. Thus, components in each row sum to 100.0 or -100.0. A negative figure in the table means a stabilising
contribution and vice versa.
3 The sum incicates the regional contribution to the sums of intra-crop variances.
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Table 5.9: Components of Changes in the Sums of Intra-crop Variances,
by Crop, from 1949-58 to 1962-77

Soy- Sor- Other-  Residual All
Component! Rice  Wheat Maize Tubers beans ghum  Millet  Grains Grain China
(per cent)®
§Y 1.9 8.9 1.9 -185.7  125.0 64.7 26.7 5.3 18.6 4.8
64 0.5 0.2 2.7 -228.6 -75.0  -23.5 -60.0 -28.0 -4.9 -1.2
§Var(Y) 37.4 95.4 279 152857 3250  500.0 113.3 24.0 255.5 69.3
§Var(4) 11.7 1.3 6.7 -871.4  -100.0 23.5 60.0 39.3 6.3 8.5
§Y,6A 0.0 -0.2 -0.1 14.3 0.0 0.0 0.0 0.7 -0.2 -0.0
§Cov(4,Y) 30.7 1.2 23.3 -828.6 -475.0 -311.8 -266.7 16.7 -120.5 5.7
§4,6Var(Y) 1.7 -6.4 8.2 114.3  -100.0 -194.1 -53.3 -17.3 -31.6 27
Y ,6Vari4) 7.6 -1.3 10.5 429 0.0 5.9 40.0 35.3 8.4 8.2
§Y A, 6Cov(A,Y) 129 08 21.2 242.9 50.0 -11.8 20.0 8.0 -51.9 7.3
SR -4.4 0.2 -2.4 714 1500 47.1 20.0 16.0 20.3 0.3
Sum? 52.2 131 21.5 -0.2 -0.1 0.4 -0.3 3.2 10.2 1000

1 Ses Table 5.2 for definitions of the symbols.
2 The percentages are obtained by using the absolute value of change in the sum of intra-crop vasiances of each crop

as denominator. Thus, components in each column sum to 100.0 or -100.0. A negative figure in the table means a
stabilising contribution and vice versa.

The sum indicates the contribution of the crop to the sums of intra-crop variances.

5.9. Rice accounts for 52.2 per cent of the 4.6 per cent contribution. Three crops (tubers.
soybeans and millet) had reductions in their variances from 1949-58 to 1962-77. However,
their combined effect is only -0.6 (-0.2 — 0.1 — 0.3) per cent, thus it can hardly be seen as

significant.

5.4.1 Changes in mean production

Total average output of China’s foodgrain increased by 1242 billion jin from 1949-58 to
1962-77. Reduction in the mean of total sown-area led to a reduction of 42.6 billion jin.
or a negative 3.4 per cent contribution to the total change in mean output (Table 5.10).
This reduction is matched by the increase in the mean production due to changes in the
covariances between sown-area and yield. The effect of change in the interaction of mean
sown-area and mean yield is relatively negligible. Thus, about 100 per cent of the increase
in the total mean output is from the increases in mean yield. It is worth noting that
all regions increased their mean yields from 1949-58 to 1962-77. Moreover. increase in

mean yield contributed more than 100 per cent to increase in regional mean output for 12
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Table 5.10: Components of Change in Mean Production of Total Foodgrain.
bv Region, from 1949-58 to 1962-77

Components! Contribution
Region to
Y SA §Y A 6§Cov(A,Y) Total Change
{per cent)

Anhui 148.4 -34.3 -17.3 3.2 5.3
Hubei 52.8 35.1 8.0 4.1 7.2
Hunan 76.2 13.5 3.1 T.2 7.0
Guangdong 131.9 -24.5 -8.9 1.5 5.0
Gansu 115.2 -15.6 -3.2 3.5 1.1
Guangxi 92.0 -3.0 -0.3 11.4 3.8
Guizhou 102.4 -3.8 -0.7 2.1 0.9
Heilongjiang 66.1 17.1 7.5 9.3 4.0
Henan 136.2 -25.3 -7.8 -3.1 7.1
Jiangsu 103.0 5.6 -4.7 -3.8 10.1
Liaoning 128.6 -23.7 -8.1 3.3 3.1
Ningxia 53.1 33.9 9.3 3.8 0.4
Qinghai 48.0 30.0 10.1 12.0 0.3
Shaanxi 107.5 -2.9 -1.6 -3.1 2.6
Sichuan 118.4 -19.6 -2.9 4.2 7.3
Shandong 1285 -25.8 -4.0 1.2 7.8
Shanghai 51.1 445 2.7 1.8 1.1
Shanxi 106.9 -6.4 -0.9 0.4 2.7
Tianjin 99.8 -15.5 0.5 15.2 0.5
Xinjiang 33.6 46.5 11.7 8.2 2.0
Zhejiang 88.9 4.1 0.7 6.3 4.4
Other-regions 108.2 -5.0 -0.8 -2.3 16.4
Residual Region 5113.3 -945.6 -1538.0 -2529.6 -0.1
All China 100.8 -3.4 -1.0 3.5 100.0

T"See Table 5.1 for definitions of the symbols.

out of 22 regions (residual region excluded). On the other hand, more than half of the
regions experienced reductions in their expected sown-area. For instance. vield increase
contributed from 34 per cent (Xinjiang) to 148 per cent (Anhui) to regional increase in
mean production. Conversely, reduction in mean sown-area decreased the mean of Anhui’s
foodgrain production by more than 34 per cent, but lifted Xinjiang’s output by 47 per cent
(Table 5.10). Regions such as Ningxia, Qinghai, Heilongjiang and Xinjiang increased their
sown-areas possibly by reclamation, while other regions that increased most likely did so
through intensification of cropping, e.g., Jiangsu, Zhejiang.

By crop, nearly 46 per cent of the increase in the overall mean production is from rice;

some 49 (24.0 + 24.9) per cent is from wheat and maize (Table 5.11). Crops such as millet,



Table 5.11: Components of Change in Mean Production of Total Foodgrain,
by Crop, from 1949-58 to 1962-77

Components* Conrribution
Crop to

§Y §A §Y, 64 6Cov(A.Y) Total Change

(per cent)

Rice 7.3 10.8 2.8 9.1 45.5
Wheat 90.0 7.3 0.3 2.4 21.1
Maize 69.3 13.3 6.6 10.7 2.1.9
Tubers 110.2 -7.8 2.8 -5.2 5.9
Soybeans -312.5 263.5 64.5 84.5 -0.8
Sorghum -3264.1 19555 698.3 710.3 -0.2
Millet -134.6 164.2 384 32.0 -2.3
Other-grains 362.6 -155.8 -69.0 -3T.T 2.6
Residual Grain -21.0 67.4 86.4 -32.8 0.2
All China 100.8 -3.4 -1.0 3.5 100.0

1 See Table 5.1 for definitions of the symbols.

scybeans and sorghum decreased their mean production. The decreases are entirely due to
decreases in their mean yields, reflecting the fact that the Chinese governiments neglected
production of coarse grains, as argued in Chapter 4. However, these decreeses are basically

cancelled out by the increases in the mean production of the other-grains.

5.5 Effect of the APRS and Economic Reform

Tl.e major feature of the APRS and economic reform in general is the gain of decision power
of local organisations and individuals. From 1978 onwards, there has also been the gradual
rernoval of direct political intervention by the central and provincial governrnents. Resource
allocation, particularly of land, has become more rational or more in accordance with local
conditions than hitherto. Therefore, any concurrent changes in either crop yield or sown-
area should be less in 1978-85. In addition, as farmers have taken on full responsibility ir

their farming, care is given to every phase of the production process and every means is used
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to secure the yield. As individual farmers, rather than the community (production team,
brigade or commune) have become the decision-makers, they may have tended tc be more
risk-averse, rather than risk-neutral or even risk-preferring. These changes have probably
helped to reduce yield variability. On the other hand, as average yield increases, perhaps
resulting from continued expansion of modern cultivars, it may still contribute positively to
production variability.

Thase assertions are broadly supported by the decomposition results, as presented in
Table 5.12. From 1962-77 to 1978-85, total variance of China’s foodgrain production re-
duced remarkably by an amount of 1.72 x 10'* jin?, 75.0 per cent of which came from
reduced variability of yield. The changes in yield and sown-area covariance contributed
some 225.7 per cent of this reduction. The interaction of changes in mean yield, mean
sown-area and covariances between sown-area and yield contributed 10.3 per cent of the
reduction. Conversely, increase in average yield continued to be the main source of enhanc-
ing the production variability (+11.5 per cent). and the second most important positive
contribution is from the changes in the mean of sown-area (+3.4 per cent). The change in
the covariances between crops and regions is the dominant source in the reduction of the
yield variability (-55.5 per cent).

Overall, change in the inter-region covariances within or not within crops contributed
a -92.8 (-30.7 — 62.1) per cent to the change in the t‘otal variability. Changes in the inter-
crop covariances within regions contributed a small —-2.2 per cent. The sums of intra-crop
variance of all regions shared only -5.0 per cent (Table 5.12).

Further decomposition of the —-71.8 (-2.9 -~ 13.4 — 55.5) per cent contribution due to
changes in yield covariances shows that changes in standard deviations of yields shared
—60.0 per cent and changes in the correlation coefficients of yields shared another —-55.2 per
cent. The remaining 43.4 per cent is due to change in the interacticn between vield standard
deviations and correlation coefficients of yields (Table 5.13). These results consistently
suggest the importance of reducing central planning in the context of stabilising China’s
foodgrain production.

Table 5.14 presents the results from the disaggregation of the covariances between yield
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Table 5.12: Components of Change in the Variance of Total Foodgrain Production.
All China, from 1962-77 to 1978-85

Sums of Inter-crop Inter-region Covariances
Intra-crop Covarlances Covariances between Crops All
Component!  Variance within Regions within Crops and Regions China
(=] [}

(per cent)?

Y 0.8 -0.1 6.0 4.8 11.3
&4 0.4 -0.2 3.0 0.3 3.4
EVar(Y) -3.2 -2.9 -13.4 -53.3 -75.0
¢V ar(A) -1.1 0.8 -4.6 2.9 -2.0
Y .64 0.1 0.0 0.2 -0.1 0.2
¢Cov(A,Y) -0.8 -0.1 -14.2 -10.6 -25.7
A SVar(Y)  -0.1 0.0 -1.9 0.9 -2.8
¢Y, 6Var(4)  -0.5 0.3 -2.4 0.9 1.7
Y, 64 &

ECov(A4,Y) -0.6 0.0 -4.9 -4.8 2103
éR 0.0 0.1 1.4 0.9 2.4
Sum -5.0 -2.2 -30.7 -62.1 -100.0°

1 See Table 5.2 for definitions of the symbols.

2 The percentages are obtained by using the absolute value of change in total vari-
ability as denominator. Thus, a negative figure in the table means a stabilising
contribution and vice versa.

The negative value indicates decrease in the total variability over the two periods;

cf. note 2 to this table.
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Table 5.13: Disaggregation of the Contribution due to Changes
in Yield Covariances, from 1962-77 to 1978-85

Components?
boy &
boy 6Py, 0Py, Sum
(per cent)
Crops within Regions -3.06 0.00 0.00 -3.06
Inter-crop within Regions -2.25 -2.25 .77 -2.73

Inter-region within Crops -11.19 -8.59 6.83 -12.96
Between Crops & Regions -43.52 -44.37  34.83 -53.05
Sum -60.02 -55.21 43.43 -71.80
1 See Table 5.3 for definitions of the symbols.

and sowrn-area, which is the second most important component in reducing the overall
variabiity (Table 5.12). It indicates that reduction in the correlation coefficients hetween
yield anid sown-area is the most influential factor in contributing to change in this covariance
(-23.5 2er cent), followed by standard deviation of vield and sown-area (-18.§ per cent).
The rernaining influence is from the interaction effect (+17.4 per cent).

Turaing to change in the sum of intra-crop variance of individual crops (Table 5.15), it
is found that all crops had a lower variability in they second period. This is primarily due
to reductions in variances of yield and sown-area. and possible reductions in the interactive
effect o7 mean yield and variance of sown-area, and/or in the covariance between sown-
area and yield. A similar patrern emerges for change in the sum of intra-crop variance of

individual regions as shown in Table 5.16.

5.5.1 Changes in mean production

As for the previous case, sources of change in mean production are dominated by yield
increment (Table 5.17). On average, China’s foodgrain production increased by 1195 billion
jin from 1962-77 to 1978-85. About 97 per cent of this increase is from mean yield increase,

and 5.3 per cent from increase in the mean of sown-area (Table 5.17). Also, every region
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Table 5.14: Disaggregation of the Contribution due to Change in Covariance
between Sown-area and Yield from 1962-77 to 1978-85

Components?
5CTA 50’}’,6(7A
doy 5p(Y.A) & 5/)(}'.,41 Sum
(per cent)

Crops within Regions -0.52  -0.82 0.39 -0.95
Inter-crop within Regions -0.08 0.04 -0.07  -0.11
Inter-region within Crops -11.37 -15.57 13.05 13.88
Between Crops & Regions -6.83  -7.16 4.03  -9.96
Sum -18.79  -23.51 17.40 -24.90

! See Table 5.4 for definitions of the symbols.

Table 5.15: Components of Changes in the Sums of Intra-crop
Variances, by Crop, from 1962-77 to 1978-85

Soy- Sor- Other-  Residual All
Component?! Rice  Wheat Maize Tubers beans ghum  Millet  Grains Grain China

(per cent)?

§Y 23.0 10.8 27.6 2.6 33.3 -0.0 60.0 -1.2 -10.8 16.5
§A 8.1 5.4 29.9 2.6 16.7  -44.4 -0.0 -13.9 -17.8 7.1
§VarY) -36.0 -88.6  -40.0 -69.1 -133.3 -177.8 -240.0 -57.4 -208.9 -64.3
§Var(4) -21.0 -6.8  -18.1 -8.9  -150.0  -92.6 -380.0 -39.1 -31.0 -21.8
§Y,64 0.6 1.4 2.8 0.0 0.0 14.8 20.0 1.2 1.3 1.3
§Cov(A,Y) -47.7 -10.0  -47.8 -13.1 1833 2074 640.0 -2.3 151.6 -15.9
§A4,8Var(Y) -4.8 0.8 -16.6 -2.1 - 333 88.9 60.0 14.8 24.6 -1.2
§Y EVer(A) -11.4 5.2 -11.3 -05 - -50.0  -40.7 -160.0 -3.2 -115 -10.2
§Y ,64,6Cov(4,Y) -15.0 -8.2 -28.0 -0.5 -33.3 -25.9 -80.0 2.0 14.9 -12.0
SR 4.3 0.4 1.6 -11.0 0.0 -29.6  -20.0 -0.9 -12.7 0.40
Sum? -49.2 -100  -18.6 -3.8 -0.1 -0.6 -0.1 -6.9 -10.6  -100.0%

1 See Table 5.2 for definitions of the symbols.

The percentages are obtained by using the absolute value of change in the sum of intra-crop var.ances of each crop
as denominator. Thus, components in each column sum to 100.0 or -100.0. A negative figure in the table means a
stabilising contribution and vice versa.

2

The sum indicates the contribution of the crop to the sums of intra-crop variances.

The negative value means that the sums of intra-crop variances decreased over the two periods under consideration.



Table 5.16: Components of Changes in the Sums of Intra-crop
Variances, by Region, from 1962-77 to 1978-85

Components!
5 Y 54 & 5V & §Cou(A,Y)
Region §Y §A é&Var(Y) Var(A) §A §Cou(A,Y) &Var(Y) 6Var(A) & 87,64 §R Stm?
(per cent)?
Anhui 16.8 10.1 -43.3 -21.4 1.1 -38.3 -3.7 -9.9 -13.4 2.0 -2
Hubei 34.9 0.4 -6.4 -35.6 0.1 -61.4 0.1 -20.0 -16.2 4.1 -5.1
Hunan 216 16.6 -30.8 -24.0 1.4 -50.4 -8.5 -10.6 -19.6 4.3 -11.4
Guangdong 5.3 -0.9 -79.5 0.2 -0.0 -22.6 0.7 0.1 -5.2 1.9 -3.T
Gansu 10.9 10.4 -70.3 -10.1 0.5 -22.9 -7.6 -3.5 -8.4 0.9 -0.3
Guangxi 18.2 11.9 -45.3 -12.9 0.8 -48.3 -6.9 -6.3 -15.4 4.2 -3.1
Guizhou 11.6 6.0 -66.3 -16.9 0.2 -26.0 -1.9 -5.5 -5.3 4.0 -0.1
Heilongjiang 29.1 30.7 -60.6 -22.9 2.6 -37.7 -10.6 -11.1 -21.7 2.1 -0.7
Henan 2.9 0.1 -99.4 -8.8 1.2 7.6 4.4 -4.5 -2.6 -1.0 -3.4
Jiangsu -34.0 -5.9 -23.5 -34.3 0.1 -44.2 2.7 -23.2 -10.0 4.2 -7.6
Liaoning 35.1 34.2 -70.9 -34.3 6.8 -4.0 -0.3 -20.1 -33.5 -12.9 -1.0
Ningxia 23.1 21.8 -68.4 -11.4 1.6 -32.0 -10.5 -9.5 -16.1 1.4 -1.0
Qinghai 219 228 -46.5 -18.8 2.3 -36.5 -13.1 -9.8 -23.1 0.8 -3.0
Shaanxi 1.6 6.1 -110.5 -100  -0.2 18.4 -4.3 -2.7 4.6 -3.0 -2
Sichuan 203 121 -77.9 -12.7 1.2 -22.0 -7 -8.3 -12.8 7.3 -3.8
Shandong 20.9 15.6 -73.4 -14.8 2.5 -17.0 -7.0 -9.1 -13.4 1.8 -3.1
Shanghai 23.9 -5.0 7.6 -61.7 .05 -52.2 -1.4 -13.1 -3.7 6.1 -3
Shanxi 21.0 2.4 -72.4 -14.1 1.6 -17.3 -0.6 -7.0 -13.7 0.2 -J.2
Tianjin 45.4 -1.7 -18.9 -51.6 0.6 -47.1 7.9 -20.7 -17.7 3.7 -2.0
Xinjiang 206 186 -33.3 -22.4 1.3 -51.7 -8.6 -9.4 -13.0 2.9 -2.1
Zhejiang 20.1 13.7 -43.4 -13.0 1.1 -49.4 -7.5 -7.4 -17.9 3.8 -3.0
Other-regions 12.9 5.2 -83.0 -17.0 1.1 1.0 -0.3 -8.0 -8.5 -3.4 2175
Residual Region 9.8 6.1 -83.3 -27.9 1.9 12.7 2.5 -9.6 -9.9 -2.3 -27.0
China 165 7.1 -64.3 -21.8 1.3 -15.9 -1.2 -10.2 -12.0 0.4 -100.0*

! See Table 5.2 for definitions of the symbols.

2

The percentages are obtained by using the absolute value of change in the sum of intra-crop variances of each region as

denominator. Thus, components in each row sum to 100.0 or -100.0. A negative figure in the table means a stabilising

L .
contribution and vice versa.

12

The sum indicates the regional contribution to the sums of intra-crop variances.

The negative value means that the sums of intra-crop variances decreased over the two periods under corsideration.



Table 5.17: Components of Change in Mean Production of
Total Foodgrain, by Region, from 1962-77 to 1978-85

Components’ Contribution
Region to
5Y 54 §Y .64 6Cov(A.Y) Total Change
{per cent)

Anhui 101.7 0.2 -0.3 -1.5 4.7
Hubei 1234 -12.1 -2.5 -8.8 4.9
Hunan 59.5 37.4 8.9 -5.8 7.8
Guangdong 108.3 -4.3 -1.0 -3.0 5.0
Gansu 96.1 6.1 0.2 -2.4 1.2
Guangxi 80.5 23.7 5.5 -9.7 3.6
Guizhou 81.9 18.6 2.2 -2.6 1.9
Heilongjiang 68.6 31.8 4.7 -5.1 3.9
Henan 117.0 -17.8 -2.5 3.3 6.4
Jiangsu 140.0 -31.0 -12.0 3.0 7.4
Liaoning 88.9 4.8 7.9 -1.7 3.9
Ningxia 74.0 23.3 3.7 -0.9 0.4
Qinghai 84.1  21.4 7.8 -13.3 0.2
Shaanxi 100.2 -3.8 0.4 3.2 2.2
Sichuan 90.4 10.5 2.9 -3.8 11.6
Shandong 109.3 -9.7 1.7 -1.3 8.5
Shanghai 197.0 -92.2 -1.8 -3.1 0.2
Shanxi 1287  -23.8 -5.2 0.3 1.8
Tianjin 105.5 13.0 -2.8 -15.8 0.4
Xinjiang 64.8 5.6 7.2 -7.6 1.4
Zhejiang 80.3 19.8 5.0 -5.1 5.6
Other-regions 95.2 4.0 3.8 -3.0 17.3
Residual Region 281.0 -355.4 -166.7 341.1 -0.3
All China 96.7 5.3 2.5 -4.5 100.0

1 See Table 5.1 for definitions of the symbols.
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Table 5.18: Components of Change in Mean Production of
Total Foodgrain, by Crop, from 1962-77 to 1978-85

Components’ Contribution
Crop to
§Y 54 §Y 64 6Cou(A.Y) Total Change
{(per cent)
Rice 88.2 17.7 3.9 -9.9 47.0
Wheat 89.3 11.4 2.8 -3.5 26.4
Maize 69.8 32.0 9.5 -11.3 23.4
Tubers 86.7 13.9 2.6 -3.2 6.25
Soybeans 3427 -315.0 -45.7 118.0 0.5
Sorghum -257.4 373.2 76.0 -91.8 -1.3
Millet -449.8 564.8 123.6 -138.6 -0.5
Other-grains -137.8  262.8 36.8 -61.8 -2.0
Residual Grain -19.8 52.6 24.1 43.1 0.4
All China 96.7 5.3 2.5 -4.5 100.0

1 See Table 5.1 for definitions of the symbols.

raised its riean yield and output in the second period. As shown in the far right column
of Table 5.17. the largest contributor besides the other-regions is Sichuan (11.6 per cent),
followed by Shandong (8.5 per cent).

From Table 5.18, it is apparent that important crops continued to surge in output and
unimportant crops continued to decrease. The main factor lies in the mean yields. The first
four crops in the table gained their increase mainly through increase in vields. supplemented
by increase ‘n sown-area. Conversely, the rest of the crops would have lost more ground
through reductions in mean yields if their sown-area had not been considerably increased.
The increases in the sown-areas for less important crops in 1978-85 were likely due to the
reduction in procurement quotas for fine grains and due to relaxation of macro-control over
sown-areas, which enabled farmers to cultivate according to local conditions.

To sum up, the introduction of APRS and economic reform have had a tremendous
effect on raising crop yields, presumably through motivating farmers’ initiatives. Further
expansion of modern cultivars in the second period may also have helped to lift yields.

The increases in crop yields are largely responsible for the jump in total mean produc:ion.
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Surprisingly, this jump is accompanied by a rather substantial decrease in total variability.
It is quite clear that relaxation of macro-control over both the agricultural sector and
the whole economy eliminated, to some extent, the concurrent shifts in sown-areas and, or
input applications across regions. This is the major source of reduction in variability.
The recuction in simultaneous changes across regions is evidenced by the decreases in the
correlation coefficients of yields and correlation coefficients between yield and sown-area. It
is noted that intra-crop variance of sown-area decreased for all regions except Guangdong.
Liaoning and the other-regions over the two periods (Table 5.8). The major reason behind
this may lie in the fact that the procurement policy was still in force in the second period.
which may have prevented a large swing of area among different crops, and that farmers
were able to follow a rational rotational farming system, which normally cannot be easily

changed unless by political force, as happened in 1962-77.

5.6 Effect of Procurement Policy

As argued previously, procurement as practised in China should be useful in stabilising
foodgrain production, particularly in terms of sown-areas, although the basic aim of the
policy was to obtain sufficient foodgrain for urban residents and non-grain producing re-
gions. However, the results in section 5.4 indicate that the stabilising effect of procurement
policy seems very small. This is possibly because procurement policy was implemented
without due regard to its impact on production covariabilities. Frequent changes in pro-
curement quotas often meant a proportional increase or decrease of sown-area for a crop
for most, if not all, regions. This may well enhance inter-region covariability of sown-area
within crops, as seen in Table 5.5. Worse still, quotas were normally tied to input alloca-
tions and this could, in turn, lead to stronger yield covariabilities. Further, the absolute
decrease in total variance of China’s foodgrain production due to change in sown-area vari-
ability is 1.49 x 10'? jin? from 1949-58 to 1962-77. This value is quite large. However, the
overwhelriing increases in other components outweighed the variability-reducing effect of

procurement policy. Thus, the relative or percentage contribution from decreased sown-area
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variability turned out to be very small (0.9 per cent). It was previously argued that most
of the increase in foodgrain production variability from 1949-58 to 1962-77 was due to the
highly centralised command system in China in the latter period. A secondary factor may
be the narrower genetic base of modern cultivars, in comparison with traditional varieties.
These assertions were proven, at least partially, by the results in section 5.5.

To see the effect of procurement policy on variability, the comparison of changes in
the components of China’s foodgrain production variability between 1949-58 and 1978-85
may be more informative. This is because the centralised system was gradually removed
after the economic reform of 1978 and blind commands were no longer accepted. Also,
the quotas were reduced and imposed more in line with regional production capacities in
1978-85. As far as institutional form is concerned, these two periods are somewhat similar.
As production technology has improved substantially over the two periods, its effects are
presumed to be mainly on yields. The strict implementation of procurement policy in the
second period is perhaps the most important institutional factor in distinguishing the two
periods. It is hypothesised that the comparison will indicate both a ‘green revolution’ effect
on yield variability and a procurement effect on sown-area vafiability.

Table 5.19 shows that, from 1949-58 to 1978-85, variability of yield increased drastically,
while variability of sown-area decreased substantially. The effect of the ‘green revolution’
bn variability seems strong, as indicated by the large contribution due to mean yield and
veriance of yield. The “pure” yield effect contributed 324.3 (222.9 + 101.4) per cent to
the total change in the variability of China’s foodgrain production. However, any risk-
inducing effect of the ‘green revolution’ is seemingly outweighed by the risk-reducing effect
of procurement policy, which is reflected by the negative contributions associated with sowr-
area, e.g., 6Var(A), 6Y and §Var(A). These resulted in a modest decrease in the variance
of China’s foodgrain production by an amount of 4.96 x 102 jin? from 1949-58 to 1978-8F.
The procurement policy seemingly succeeded in reducing the variance of sown-area, whica
led to a decrease in total variability by 66.4 per cent. The policy was also useful in reducing
the contribution made by the components of changes in the covariance between sown-area

and yield (-165.6 per cent), in the interaction of mean yield and variance of sown-area
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Table 5.20: Disaggregation of the Contribution due to Changes
in Yield Covariances, from 1949-58 to 1978-85

Components!
50‘)/ &
oy bp, ., 6p.,, Sum
{per cent)
Crops within Regions -7.66 0.00 0.00 -7.66

Inter-crop within Regions 6.08 -6.50 1.24 1.34
Inter-region within Crops  14.28 7.35 13.42  35.06
Between Crops & Regions 45.23 -1.50 20.72 64.45
Sum 57.93 -0.64 35.82  93.10
1 See Table 5.3 for definitions of the symbols.

have gone up. This is indeed the case. The increase in inter-region yield correlation co-
efficients contributed a positive 7.4 per cent to the change in total variability of China’s
foodgrain production (Table 5.20). The inter-crop correlation coefficients of yields and yield
correlation coefficients between crops and regions were marginally lower in the secor.d pe-
riod. Therefore, overall change in the correlation coefficients of yields, if significant, is not
destabilising total foodgrain production. Thus, one may doubt if the impact of the ‘green
revolution’ on foodgrain variability is of real concern in China. The contribution of yield
covariances (93.1 per cent) is mainly from increases in standard deviation of yields (57.9
per cent) and the interaction between changes in yield standard deviations and correlation
coefficients among yields (35.8 per cent) (Table 5.20).

The large negative contribution due to change in covariance between yield and sown-
area (—158.9 per cent) is made up of ~88.4 per cent from changes in yield and/or sown-area
standard deviations, —118.2 per cent from changes in the correlation coefficients between
yield and sown-area, and the remaining +47.7 per cent from the interaction (Table 5.21).
All the correlation coefficients decreased from 1949-58 fo 1978-83, as shown in the taird
column of Table 5.21.

The components of change in the sums of intra-crop variances within regions are pre-

sented by crops in Table 5.22. It is found that output variances of most crops decreased
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Table 5.21: Disaggregation of the Contribution due to Change in
Covariance between Sown-area and Yield from 1949-58 to 1978-85

Components'
(50’,; 60’}/, 5(7,1
boy 6pn',41 & ‘Spw,m Sum
(per cent)

Crops within Regions -4.39 -8.60 5.72 -7.26
Inter-crop within Regions -15.33  -17.29 10.49  -22.13
Inter-region within Crops -9.30  -18.29 8.36 -19.24
Between Crops & Regions -59.40  -73.98 23.10 -110.28
Sum -88.43 -118.16 47.67 -158.90

! See Table 5.4 for definitions of the symbols.

from 1949-58 to 1978-85 except for wheat and maize. These two crops are presumed to be
influenced more by seed-fertiliser technology than other crops are. In particular, all crops
experienced a large decrease in sown-area variance. This may imply the stabiiising effect
of procarement policy. Scanning Table 5.22, change in mean yield is generally the major
factor. Other-crops (or other-grains) reduced variability to a larger extent than any of the
explicitiy considered crops. This is consistent with the result that the other-regions, which
are mainly engaged in other-grains production, had a large decrease in its variability (-338
per cent), as shown in Table 5.23. From Table 5.23, a majority of the regions increased
their swn of intra-crop variances. The results in Table 5.23 indicate that 18 out of 22 re-
gions (excluding the residual region) decreased their sown-area variances, while 17 regions
increased their yield variances. Increase in mean yields led to increase in regional variability
for all regions. This pattern is consistent with the earlier assertion that the ‘green revolu-
tion’ may have brought about higher vield variance, but procurement policy possibly had

a stabilising effect on sown-area.

5.6.1 Changes in mean production

The decr=ase in total variance is accompanied by an increase in mean production. thus the

relative variability (often measured by C'V') may have decreased drastically from 1949-58
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Table 5.22: Components of Changes in the Sums of Intra-crop
Variances, by Crop, from 1949-58 to 1978-85

Soy- Sor- Other- Resicual All
Compcnent! Rice Wheat Maize Tubers beans ghum  Millet  Grains Grain China
(per cent)?

§5Y 117.9 139.9 99.7 -1.2 73.7 1721

39.7 6.8 202.5 100.5
54 46.3 69 1633 -13.6  -37.4 -61.8 -74.1 -42.2 -62.6 -12.4
§Var(Y) 16.6 940  -283 -14.9 -4.5 43.7 9.2 -1131 -120.7 -51.2
§Var(d) -40.8 -9.8 -2.2 -39.3  -TT6 -76.2 -14.5 -6.8 -£9.0 -43.2
§Y ,6A 2.0 -1.8  -10.0 08 -4.5 0.2 -7.8 1.5 -4.4 -1.0
§Cov(A,Y) -107.7 -24.9 -7.4 -42.1  -52.8 14.2 -21.1 11.3 73 -41.1
§4,6Var(Y) 2.8 3.8  -57.0 7.3 9.5 -32.3 -26.0 40.4 24.0 18.0
§Y,6Var(A) -53.5 -73.4 -0.5 -1.4 -53.5 -159.8  -17.9 -9.0 -122.8 -55.4
§Y,64.6Cov(A,Y) -83.9 -37.2 -39.7 125 2.7 2.6 2.1 0.9 74 -21.0
SR 0.3 2.6  -17.7 -8.2 44.4 -2.6 10.6 10.3 28.2 6.9
Sum? -20.3 19.4 9.3 -42.0 2.7 -2.8 -4.0 -42.3 -14.5 -100.0*

1 Ser Table 5.2 for definitions of the symbols.

2 Tte percentages are obtained by using the absolute value of change in the sum of intra-crop variances of each crop

as denominator. Thus, components in each column sum to 100.0 or -100.0. A negative figure ir. the table means a
stebilising contribution and vice versa.

Tle sum indicates the contribution of the crop to the sums of intra-crop variances.

Tte negative value means that the sums of intra-crop variances decreased over the two periods under consideration.

to 1973-85. According to Table 5.24, every region (excluding the residual region) raised
its mean output. About half of the regions experienced a decrease in sown-area. Increase
in mean yield dominated the sources of the increased mean output. For nearly half of the
regions, more than 100 per cent increase in output was from increase in mean vields. Taking
China as a whole, the mean production increased by some 2 437 billion jin, 99 per cent of
which came from yield changes, with less than 2 per cent from interaction between changes
in mean yields and mean of sown-area. The other components contributed almost nothing.

From Table 5.25, it is clear that most of the ihcrease in mean production is from major
or important crops. As in Table 5.24, contributions from change in covariance between
sown-area and yield are negligible. Decreases in coarse grain outputs were the result of
decreases in their mean yields, just as the increase in mean yield is responsible for increase

in outputs for the important crops.



Table 5.23: Components of Changes in the Sums of Intra-crop
Variances, by Region, 1949-58 to 1962-77

Components?
57 §4 & §Y & 6Cov(A,Y)
Region sY §A 6Var(Y) §Var(A) §A §Cov(AY) §Var(Y) 6Var(A) & §V,64 §R Sum?
(per cent)?
Anhui 991.5 -34.4 139.9 -372.7 3.3 73.3 4.1 -982.9 -31.6 109.5 -0.9
Hubet 35.1 12.4 132.1 5.0 1.5 -83.3 69.9 1.3 -74.3 -0.8 4.5
Hunan 385.9 227.4 -119.1 -259.0 13.1 10.1 -55.1 -331.1 -18.8 41.2 -7
Guangdong 25.4 -1.1 150.3 -5.9 0.3 -259 -20.1 -9.3 -1%3.4 1.7 O.R
Gansu 17.2 7.9 56.9 1.9 0.4 11.2 -10.1 3.7 9.0 1.9 0.4
Guangxi 11.4 3.6 46.3 -8.0 -0.7 27.5 7.9 -6.7 21.0 -2.3 3.1
Guizhou 30.3 5.3 151.3 -27.0 -0.4 -20.3 -10.7 -13.6 -3.4 -11.4 0.3
Heilongjiang 21.1 2.8 33.8 .71 -0.1 26.4 13.3 -9.2 19.5 -0.4 et
Henan 505.1 -22.2 179.4 -91.0 -13.2 -55.1 -17.4 -328.1 -7T4.4 16.8 0.7
Jiangsu 134.7 2.5 253.3 13.4 -1.1 -119.9 -12.6 -41.6 -129.7 1.2 54
Liaoning 176.6 5.0 91.8 -55.4 -0.5 18.1 20.5 -150.9 25.2 -30.2 1.0
Ningxia 45.9 25.2 47.6 -5.9 -2.2 21.3 0.6 -53.0 20.3 0.2 3.0
Qinghai 177.5 733.1 -789.1 -268.0 87.9 580.9 -339.4 1336 -289.8 73.3 1.0
Shaanxi 8.9 0.4 89.8 2.3 0.1 -4.5 1.5 4.5 -1.0 -2.0 1.8
Sichuan 578.1 -129.7 -67.8 -137.8 -7.0 -160.9 92.6 -140.4 -145.9 19.8 1.1
Shandong €9.3 -6.3 87.4 -15.4 -0.7 4.2 -3.5 -33.4 -2.3 0.8 3.6
Shanghai 5.9 3.8 338 17.8 -0.2 6.6 14.7 9.5 4.4 3.8 .3
Shanxi *3.0 -4.1 95.6 -2.4 -0.7 3.1 -22.9 -0.4 5.2 3.6 1.8
Tianjin 34.6 -0.4 32.3 -12.6 -1.1 22.2 16.3 -4.9 -2.6 16.1 0.1
Xinjiang 12.6 114.4 -53.3 -47.3 -38.3 1231 -122.3 -61.0 180.9 -6.8 0.2
Zhejiang 11.2 17.0 54.7 -7.9 -1.3 111 17.8 -13.8 10.3 0.9 2.5
Other-regions 22.5 -1.0 -46.5 -28.1 1.5 -35.3 1.9 -10.7 -3.2 -1.1 -79.8
Residual Region 35.1 -18.1 -101.5 -10.9 -2.5 -4.6 20.0 -17.8 -10.1 10.3 -67.3
China 100.5 -12.4 -51.2 -43.2 -1.0 -41.1 18.0 -55.4 -21.0 6.9 -100.0%
! See Table 5.2 for definitions of the symbols.
2

The percentages are obtained by using the absolute value of change in the sum of intra-crop variances of each region as
denominator. Thus, components in each row sum to 100.0 or -100.0. A negative figure in the table means a stabilising
contribution and vice versa.

The sum indicates the regional contribution to the sums of intra-crop variances.

The negative vaue means that the sums of intra-crop variances decreased over the two periods under consideration.



Table 5.24: Components of Change in Mean Production of Total
Foodgrain, by Region, from 1949-58 to 1978-85

Components! Contribution
Region to
§Y 54 §Y 64 6Cov(A.Y) Total Change
(per cent)

Anhui 133.7 -18.4 -16.3 1.0 5.0
Hubei 73.6 17.6 9.7 -1.0 6.0
Hunan 65.3 21.9 12.3 0.5 7.4
Guangdong 124.3 -14.1 -9.5 -0.7 5.0
Gansu 107.1 -4.7 -2.9 0.6 1.1
Guangxi 86.5 6.4 5.7 1.3 3.
Guizhou 89.2 10.7 1.2 -1.1 1.4
Heilongjiang 65.4 20.7 11.6 2.3 3.9
Henan 130.5 -20.7 -9.6 -0.2 6.7
Jiangsu 120.5 -4.9  -14.6 -1.0 8.8
Liaoning 106.8 -8.6 1.2 0.6 3.5
Ningxia 57.3 28.3 13.0 1.3 0.4
Qinghal 58.7 22.2 18.5 0.6 0.3
Shaanxi 104.1 -3.0 -0.9 -0.2 2.4
Sichuan 103.7 -3.9 0.8 -0.6 9.4
Shandong 120.5 -18.2 -2.2 -0.1 8.1
Shanghai 72.5 24.5 2.1 0.9 0.7
Shanxi 116.1 -9.9 -6.6 0.4 2.2
Tianjin 98.6 -2.8 1.2 3.0 0.4
Xinjiang 39.4 39.0 19.7 1.9 1.7
Zhejiang 84.1 10.1 5.7 0.1 5.0
Other-regions 100.9 -0.6 2.4 2.7 16.9
Residual Region 964.3 -229.5 -642.6 7.7 -0.1
All China 98.8 0.0 1.6 -0.4 100.0

1 See Table 5.1 for definitions of the symbols.
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Table 5.25: Components of Changes in Mean Production of Total
Foodgrain, by Crop, from 1949-58 to 1978-85

Components* Contribution
Crop to

Y 54 §Y.64 6Cov(A,Y) Total Change

(per cent)

Rice 81.0 12.2 7.2 -0.4 46.2
Wheat 89.4 8.0 3.1 -0.6 25.2
Maize 66.5 16.9 16.4 0.3 24.2
Tubers 98.0 0.4 5.8 -4.2 6.1
Soybeans -1204.8 875.2  385.9 43.7 -0.2
Sorghum -648.0  459.3 2918 -3.1 -0.7
Millet -2274 217.2 109.1 1.0 -1.4
Other-grains 1869.9 1081.6 -T15.7 27.5 0.4
Residual Grain -21.3 43.7 58.2 19.4 0.3
All China 98.8 0.0 1.6 -0.4 100.0

1 See Table 5.1 for definitions of the symbols.

5.7 Summary

To examine the effect of institutional changes on variability, a variance decomposition tech-
nique was applied to the Chinese foodgrain production data for the period from 1949 to
1985 with 1959-61 excluded. It is found that the total variability, as indicated by vari-
ance, of Chinese foodgrain production increased from 1949-58 to 1962-77 by 1.67 x 10!*
jin?, and then decreased from 1962-77 to 1978-85 by 1.72 x 10** jin®. Therefore total
variab'lity decreased by some 4.96 x 10%% jin? between 1949-58 and 1978-85. Meanwhile,
average production kept increasing from 1949-58 to 1962-77 and from 1962-77 to 1978-85.
It can be concluded that relative variability in 1978-85 was lower than in the earlier periods
considered in this chapter.

Changes in the mean values of yield and sown-area have always destabilised Chinese
foodgrain production. That was particularly so between 1949-58 and 1978-85. Changes in
vield variance and covariances were the major determinants of the changed (increased or

decreased) total variability. Changes in the variance and covariances of sown-area created a
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stabilising effect on Chinese foodgrain production. In general, changes in yield mean, vield
variance and covariances, covariance between sown-area and yielc. and interaction among
mean vield, mean sown-area and covariance between yield and sown-area were the most
influential components of the changes in the total variability. Conversely, changes in mean
production were dominated oy the source of changes in mean yield, either at the national
level o- at the regional level.

It seems that the highly centralised planning system when coupled with the commune
structure led to a very unstable period of China’s foodgrain production in 1962-77. The
centra ised system might be useful in stabilising regional intra-crop sown-areas, but it prob-
ably ir.creased inter-region covariabilities of both sown-area and yield. These covaribilities
were most important in contributing to the changes that have occurred in the variability of

Chinese foodgrain production since 1949.



Chapter 6

INPUT APPLICATIONS AND
CHINESE FOODGRAIN
PRODUCTION VARIABILITY

6.1 Introduction

After enalysing intra-crop and intra-region variability in Chapter 3 and inter-crop and/or
inter-region variability in Chapter 4, the institutional effect on China’s foodgrain production
variability was broadly discussed in Chapter 5. It is time to search for the root causes of
the variabilities. Restrained by the available data, effort will be devoted to discover the
relationship between quantitative factors and instabilities of rice, maize and wheat outputs.

In a world in which risk is captured in a mean-variance framework, a factor can assert
its impact on yield or area sown variability in two ways, namely, through its mean changes
and through changes in its variation. The relationship between changes in variability of
yield cr area sown and changes in mean level of a production factor, termed a output-
variance function here, can quite flexibly be described by a so-called Just-Pope model, which
allows for positive, negative or zero marginal variability (Just and Pope 1978, Grifiths and

Anderson 1982). However, the relationship between changes in variability of vield or area



sown and changes in variation of a production factor, called a variability-variability function,
seems not to have been explicitly discussed in the literature. These two relationships are
entirely different and both of them are useful in the context of policy-making. Taking
government investment in capital construction in agriculture as one example, its mean
changes are expected to be inversely related to production variations, while its fluctuations
are positively related to production instability. As another illustration., changes in the
mean prices of a product will enhance the production variability, but within a relevant
range, changes in the variation of price could create a stabilising effect on production, at
least in the long-run. This is because price and production are usually negatively correlated
if supplies confront a downward-sloping demand curve. It is in this sense that a frozen price,
practised in China for more than 30 years, might have reinforced agricultural production
variabil ty.

The plan of this chapter is as follows. In section 6.2, the output-variance function will
be discussed in detail, and an extension of the model considered by Griffiths and Anderson
(1982) into seemingly unrelated regressions will be undertaken. Subsequently, the extended
model will be used to estimate marginal variabilities using Chinese foodgrain production

data in section 6.3. Finally, a summary of the chapter is presented in section 6.4.

6.2 Output Variability and Mean Levels of Inputs

It is reasonable to propose that changes in some inputs, e.g., investment in improving
environmrental conditions, are inversely or negatively related to changes in the riskiness of
crop output. However, a positive relationship may exist between other inputs, e.g., areas
sown with modern cultivars (Anderson, Findlay and Wan 1989), and output variabilities of
agricultural crops. Just and Pope (1978) show that these relationships cannot be correctly
taken into account by the commonly-used functions, no matter whether the function is
of additive 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 tte marginal product and marginal variability to be of the same sign, normally
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positive. Other restrictions of these functions are detailed by Just and Pope (1978).

Tc relax these restrictions, models such as (6.1) to (6.3) are proposed:

Y = F(X)+ h(X)e (6.1)
Y = f(X)+h(X.e), (6.2)
Y = f(‘Y:G): (6'3)

where }” and X are dependen: and independent variables, respectively. € is usually a vector
of random disturbance with certain properties. and h, f represent functional forms.

As ejuations (6.2) and (6.3) are rather too general to discuss their estimation iasightfully
(Just ard Pope 1978), equation (6.1) is taken here for further discussion. More concrete
specifications of (6.1), together with their risk implications and econometric estimation
procedure, will be made in section 6.2.1. In section 6.2.2, a seemingly unrelated regres-
sion(STUE.) which consists of Cobb-Douglas type models as f and k. and models which have

composit2 errors will be developed. Also, the computational procedure will be outlined.
6.2.1 Estimating marginal variability via a single equation
Assuming a linear functional form for both f and h, equation (6.1) can be expressed as

K K
Y =3 BuXe+¢d X (6.4)
k=0 k=1

where 3, end aj are parameters to be estimated, Xj is the k-th exogenous variable, and
normally X contains identical constants.

It can te shown that

JE(Y) ,
—— = B 6.5
(91Yj ,BJ/ ( j)
7 - K
av a'r'.(}’ ) _ 2aj0'3 T o X, (6.6)
8‘KJ k=1

where o2 is the assumed constant variance of € which has zero mean. If a power function

for f and h :s assumed, equation (4.1) becomes

K

K
Y = [T x2+ e[ X2, (6.7)
k=1

k=0
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With respect to equation (6.7),

OE(Y) _ B 17 v6
(9}&] ‘7'7 k=0 *
= B,E(Y)/X; (6.8)
dVar(Y) ajol S 2
- = 2—== X 7*
0X; X; g b
= 2a;Var(Y)/X;. (6.9)

If ¥ represznts production volume, the marginal products as expressed by equations
(6.5) and (6.8) take the same sign as B and normally are positive. However, the sign of
marginal variability as expressed by equation (6.6) depends on the as and that by equation
(6.9) on a; only. It is apparent that variance is used to represent variability in this chapter.

If the stochastic terms in the above functions are replaced by a well-behaved residual.
marginal variab.lity would be always zero. In passing, it is noted that most of the commonly-
used production functions imply positive marginal variability (Griffiths and Anderson 1982,
Just and Pope 1978). This does not sit well with either casual empiricism or reflective
intuition as to how some factors operate in influencing variability. Thus, application of
models such as eguations (6.4) and (6.7) has justification both theoretically and empirically.
especially in the context of variability studies.

Using time-series data, the estimation of equation (6.7) normally takes four steps: {(a) a
nonlinear least-squares regression of ¥ on the deterministic part of the equation. This will
produce inefficier.t estimates of 8, namely 3 = (5’0,81,32, e ,53) However, the estimates
denoted by 4 are zonsistent and thus enable the computation of consistent residuals, denoted
by f; (b) a linear least-squares regressicn of In)ji| on the logarithm of the stochastic part of

the equation with ¢ suppressed. This will result in a biased estimate of the constant (ap)

and inefficient estimates of a, namely & = (&g, &1,-++, &x)’; (¢) modifying 3 as follows
-1
j = [T Z:Zjexp (2 Z(3-&))]
t=1
T
Z Zeexp|ZU(5 - 24)), (6.10)
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where Z; = (In Xy0,1n Xi:, In Xyo, -+, In Xy, )', and the ¢ subscript refers to the t-th obser-

vat'on; (d) modifying & as follows:

1 [ o
& = &-+1.2704e; — = {T thg}
2 L
t=1
T
xS Z, [1 ~ fRexpl-2Z!(& + (—:1)]] : (6.11)

if

1
where e; = (1 00 ---). It is noted that the last two steps given by Just and Fope (1978}
are incorrect.
After obtaining & and §, marginal variability can be estimated, for instance, according
9).

to equations (6.6) and (6.

6.2.2 Estimating marginal variability via SUR with error components

Complications arise when a time-series of cross-sectional data is used to estimate a function
similar to equation (6.7) (see Griffiths and Anderson 1982). Further complications appear
to arise when a svstem of equations is specified. The intention in this subsection is to
develop a seemingly unrelated regression model which carries variability implications and
allows for the use of a time series of cross-sectional data.

For combining time-series and cross-sectional data, one specification is that of a com-
posite error structure for the models in question. This will take a section effect and a time
effect into account in addition o the usual random disturbance (Judge et al. 1982, chapter
16). Thus, if there are N cross-sectional firms over T time periods. a set of A nonlinear
stochastic equations of the form

K K
Y = Ym U Xi’:” + €, © U Xom* (6.12)

k=1 k=1
can be established, where m = 1,2,.--, M, Y,, is the NT x 1 vector of observations on
the dependent variable, ¢,, is a N7 x 1 disturbance vector, X, is the NT x | vector
of observations on the k-th explanatory variable of the m-th equation and as, 3s are
parameters to be estimated. The symbols, o and ][], denote component multiplication

of matrices.
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The first term of (6.12) is called mean output function, which determines the mean level

of ourput; and the second part output-variance function, which determines the variance of

output
Assuming 7 = 1,2,---, N and t = 1,2,---, T, let
K
hmit = H -Y:;]:;ts (613}
k=1
Hm = diag(hmla hm25 Tty thT)s (614)
H = diag(Hlv H2r R H]W)v (615)
En = Zubm + Z3Am + Vm, (6.16)
where
Z,=1Iy®er, (6.17)
Zy=ex®Ir, (6.18)

and ¥ denotes the Kronecker operation: In, I7 denote N x N and I x T unit matrices; and

enser are N x 1 and T x 1 vectors of ones. The model of (6.12) can then be written as

=
Yoo = 9w []X5 + . (6.19)

k=1
Um = Ho(Zupim + ZaAm + Vi) s (6.20)
where the i-th element of the vector fy, = [fmisHmas s Lmx) and the t-th element of
the veztor A,y = [An1s Ama.---s Anr) Tepresent the error components specific to the i-

th section and t-th period in the m-th equation, respectively; the NT X 1 vector v,, =
. , ) L. L. .
VmlsVmas -« Vm AT contains the error component which is random over time and section

for the m-th equation. Further, defining

1 uy 7

. by Uz Y2

Y = y U= , 7= (6.21)
Yar 5% Yar
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and
K K

K
- : -8k By -Bark PO
X, = diag <]_[_x1,§k,]_[x2,;k,---,UAQ}{f)3 (6.22)
k=1

k=1 k=1
the SUR models can be written as

Y = Xoy +u (6.23)

Following Avery (1977) and Baltagi (1980), the three components of u (i.e., . A and v)

are, as seems reasonable, assumed to be stochastically independent from each other and
E(ptmi) = E(Ame) = E(vmi) = 0. (6.24)
Under these assumptions, it can be shown that
E(pmi 1) = 0pmi 1= J.
=0 iF (6.25)

EAmi M) =0oam t=s,

=0 t£s (6.26)
Evmiuvys) =0um t1=7&t=s,
=0 {Zjort#s; (6.27)
or in matrix notation,
L TumidnN 0 0
El X\, |(mANv) = 0 owmlr 0 (6.28)
Vin 0 0 CumiINT

formand [ = 1,2, ---, M, where 7.j are section subscripts, m,[ equation subscripts and
t, s tire subscripts.

By defining
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the covariance matrix for (6.23) can be expressed as

$ = E(uwu')= HE(ee)H
= HQH,
where
Q. Qo oo iy
0 =
Qann Qarz - Qarwr

The typ .cal element of 2 denoted by ,,; has the form
Qo = Elene)
= Oumid + oo B T oumiInT,

where 4 = Iy @ erer and B = enely- ® IT. Let

A B INT

Q = Iyr—=- =4+

‘ YT T T NTNT
INT = exrevr,

then equation (6.31) can be alternatively put as (Baltagi 1980)

Q Inr | (-4' JNT>
ml = O3ml57H- T 0iml \ & v

NT T NT

+O-2ml (2 M) -+ Uule?

N NT

where

Oiml = Ouml+ TUumla
Ooml = Ouml T *7\‘0-)\771[-,
O3ml = Ouml T A’-U')\ml + TU';_,,ml-,

(6.30)

(6.31)

and o,,.; are the distinct characteristic roots of ,,; of multiplicity 1, ¥V — 1. T — 1 and

(N—1)(T 1), respectively. These eigenvalues of {,,; can be computed according to Nerlove

(1971), if necessary.



After obtaining the values of 01,7, Tomis O3 and o, by equations (6.35) to (6.37) for

m, ! =1,2,---, M, Baltagi (1980) shows that

J A Jx
Q = Qg®—.N—T—+Ql®(;—¥-)

NT NT

B JNT> .

+Q4 - - + 0,80, .38

2 ® (1\' NT ® . (6.38)

where

Q3 = {U3ml]$ (639)

QZ = [U2ml]a (640)

Q= [o1mis (6.41)

Qu = [Uuml}v (642)

all of dirnension M x M. As shown later, this expression will be useful for computing Q7*.

Under the above model specification, 3s represent production elasticities and os “risk
elasticitizs™ or risk effects of irputs. where risk is defined as the variance of Y. Since as
can be of any sign, the proposed SUR are distinguished from more conventional ones in
that they allow risks of outpur to change in any direction in response to input changes.
Also, the three error components in the model are all heteroscedastic in the sense that
variances of Hpn Zy s HpnZyAp and Hp,v, depend on the input levels. This implies that
the magritude of both section and time effects will be influenced by the measured input
levels, wkich may be more realistic than otherwise.

The assumed dependence between the error components and explanatory variables nor-
mally leals to biased estimates of the as (Kmenta, 1986, p. 634), but the estimates are
consistent under appropriate conditions (Griffiths and Anderson, 1982, p. 531). However,
the bias is inevitable here even without such an assumption since the model is ronlinear
in parameters, and coefficient estimates of a nonlinear equation are generally biased {Box,
1971).

Given the covariance matrix of (6.23) in (6.29), it can be seen that to estimate 7 =

¢

(713 250 571‘I)l and ,8 = (,51-,,82~ STty ),s “'here ,Bm . (r’amlvﬁm‘b et 757711\:),’ the objective
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function to be minimised is
v = ey
= JHIQ'H
= o074, (6.43)

where @/ = u'H~1.

However, H cannot be computed without the estimates of @ = (ay,as,---,aps)’, which.
in tura, requires the estimation of u. To proceed in this direction, the first step is to
minimise )

M N T K “
T S5 (Ym - H) (644

m=11=1t=1 k
and oltain 4 and 3. Since cross-equation error is not considered here, the estimation can be

undertaken for each m separately. However, due to the existence of heteroscedasticity and

cross-equation error, the estimates will be asymptotically inefficient. But, they are generally

A
POmk
mkit

consisient. Therefore, the estimated residual it = Yo — Im Hf X will converge in
distritution to um;; under appropriate assumptions.

Tte second step is to estimate a. To do so. rewrite equation (6.20) in a slightly different
form es

Umit = Pt (,Umz + Ame + Vmit) . (645)

Squar ng the above equatior. and taking logarithms yields

=
Inul;, = In(fmi + A + Vmie)® + 2 Z amk In Xoppie (6.46)
k=1
Let
| 1 2 —
amo = F {hl(#mi + Amt + Vmit) } s (6.41 )
Enie = In(udy) - Ellnudl, (6.45)
then
K
E(lnul;) = @mo+2). amiln Xk (6.49)
k=1
Emit = In(fms + Amt ~ Vmit)® — Amo- (6.50)
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Thus
2

]-n(ru'mi + At T Vmit) = Qmo + Emir- (651]

Substi:uting equation (6.51) into equation (6.46), it can be shown that

x
In U;':m‘t = amo + 2 Z Cmi I Xnkie + Emae- (6.52)
k=1
Combining the set of M equations,
Y =Xa+é (6.53)

is obtained, where a = (a1, a2, -+, ayr)'s @m = (@mos 20m1y -y 2amk ) € = (§1: &+ €Nt ) s

X = diag(X1. X5, -, Xps)s Xpmisa NT x (K +1) matrix with ones in the first column and

InX ., in the other columns. Y is defined similarly to X with ¥;, = (ln W g, e Inud vt
When uqm;; is replaced by its consistent estimator @m;¢, equation (6.52) can be used for

estimation of a,,. However, properties of {,;; have to be investigated in order to discover

the properties of the estimates and to employ an appropriate estimation technique.

If' mi. Amt and vpmi: are assumed to be normally distributed, the random variables

defined as

Gmit = (,u'mz + >\mt + Vmit) = Oms (654)

(B + Nie + viie) + o1, (6.

o1}
(o]

diit

where

\/Uumm + Oamm T Cumm

= vV Omm.

Om

will become standard normal variables with zero mean and unit variance. Moreover.
2 2 . .
qiee m = 1,2,--- M are each x° random variables with one degree of freedom. Tak-

ing th2 logarithm of the square of equation (6.54) produces

In qwznit = 1n(:u‘mi - Amt + ’/mit)2 - ]-na'g

m

= Qmo + gmit - ].II(TEH, (656)
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where -he second equality is obtained by use of equation (6.51). This variable is thus
distributed as the logarithm of a x? distribution with one degree of freedom. Since both

amo and In o2, are constant and & is defined by equation (6.50), it can be shown (Harvey

1976) that

Var(lng;,) = Var(émi) = 4.9348, (6.57)
E(lng?,) = -1.2704
= Qmo—Inci. (6.58)

According to equations (6.48) and (6.57), mit has zero mean and a constant variance.
Therefore, a,, can be estimated by applying OLS to equation (6.52) for m = 1,2,---, A
separately and this produces no bias or inconsistency. But, it does result in inefliciency
since the M sets of equations are related and each of them has a composite error structure
similar to that of (6.20) as shown below.

When i = j and/or t = s, gmi¢ and g5, will be correlated. This implies that IngZ,;, and

In qus will be also correlated when 7 = j and/or ¢t = s. It can be shown that

E [111 q;znit ]nqujs] = E(Emit &js) + 12”—0423 (659)

i.e.,

Since

T uml

E(Qmithjs) = omol’ i=7

—0, 4] (6.61)
Elqmiqjs) = 222, t=s

=0, t#s, (6.62)
E(qmitqjs) =725, t=s & i=7j

=0, tZsorij (6.63)



where 7,1 = Opumi + Oami + Tumi, the following can be derived (Griffiths and Anderson 1982.

Johnscn and Kotz 1972):

Sumi =  E Emicliis]

_ %(%m)gh RIT(

1

5
L 2 1\?
=\ ooy RET(h + 3)

mt = Elmiréije)

= %(U“"’)% P (6.65)

o \omo h2T(h + %)’
bt = E [Emit&i
o 2h (L
- ( Tl ) . .1“(2])1 , (6.66)
h=1 Im Il h F(h B 7.2.)
5uml = 51'r7,l - 6/.tml - é’.kmla (667)

E[Emzt&ljs} 0 ift # sorz 7“5 ]

Thus, Im;: can be viewed as having an error components structure similar to that of €,
and (6.52) can be estimated by the technique known as least squares with dummy variables
(LSDV) (Maddala 1971). If u*.A; and v, are used to denote vectors containing these

components. then

/‘L:n 5umlIN 0 0
El o | (') = 0 Suulr 0 : (6.68)
Y 0 0 SumiInT

Because the system of equations represented by (6.43) is of composite error structure.
a can be more efficiently estimated by modifying the procedure and formulae in Baltagi

(1980). This eventually produces generalised least squares(GLS) estimates of a, namely &.

N o - A JN \ ) C ' ( = < JNT )) -
— v/ { AL 2 _JNT Y L 1 - _ )
83 = . l:_X (,\1 (9 ( N ) <X T ‘X ‘AZ ® N -’7\_ T ‘X

where

5 (A‘l 5 JNT> ¥4 (A“l & O) X]—l
3 NT i "
. _ A JNT>> - . ( — (B ]‘\’T>> .
Xr/ 1 _ LA, 12 ) 1 . g
. [J (Al ® (1 N1 ! e N NT !

+ X’ (A;l & %V“—IT:) Y + X’ (A;l ®Q

N’

y] (6.69)
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The As in the above expression are similar to Qs defined by (6.35) to (6.42) with os replaced
by 5. The As can be estimated after calculating §s according to (6.64) to (6.67). However,
such a calculation requires the estimation of the os, as is discussed below in relation to
equaticns (6.80) to (6.84). Alternatively, one can obtain the best unbiased estimates of As

directly (Baltagi 1980) by

R e Al (6.70)
A, = (N%l)c’ [% - —J]\%] ¢, (6.71)
S E R A -
As = A +A,—A,, (6.73)
where ¢ = ((;.(s,---,(pr) is the NT x M matrix of disturbances, which can be estimated in

two ways: (a) applying OLS to equation (6.52) for m = 1,2,---, M separately and calcu-
lating vhe corresponding residuals; or (b) performing LSDV on (6.52) for m = 1.2,---, M
separately and computing the corresponding residuals (Amemiya 1971). It is noted that
both sets of residuals can be used to replace { for estimating the As and the resulting a
has the same asvmptotic efficiency in each case. However, As estimated from. the LSDV
residuels are asymptotically more efficient than those from OLS residuals (Prucha 1984).
Thus, LSDV is used in this study to obtain (.
Referring to both Baltagi (1980) and Prucha (1984), it can be shown that

(>’

Ay

I
>
S

i

Ay = [&mz}
= i
Once & is obtained, £,,,;; can be estimated as
R K
it =110 — Gmo = 2 ) Gpni In Xppie. (6.74)
k=1
It is now possible to find the efficient estimates of 3, which correct for heteroscedasticity.

error components and correlation across equations. This is the task of the third step.
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According to equations (6.56) and (6.58),

Ing;,, = G&mo+ Emi—1nés
= L — 1.2704, (6.75)
l.e.,
Git = \/ezp(€mi — 1.2704). (6.76)
It can be shown that
, Ouml T Taml T Tumi
E(qmit ‘Zlit) = = = -
OmJy
_ Oml
Tm Ol
= Pmi (677)

where 0,1 = Opumi + Oami + Oumi and p,y is the correlation coeflicient between ¢, and ¢;

which can be estimated by

, N T
Pt = == 2D Qi dic- (6.

NT — )
- 1=1t=1
From :quation (6.58),
These give
Now, 0pumis Oami and o,,,; can be estimated by
NT-1 T - -
. 2 —  Umit Ulis <
Tuml = =7 1y ? L B ;o (6.51)
]\( T(T - 1) 2:; s=1t=s+1 hmit hl”
T N-1 N N N
5 2 Uiz Uijt
Taml = mz Y T, (6.82)
s t=1 i1=1 j=i+1 hmit hllt
&uml = a'ml - a’;m"zl - &Amlv (683/\‘
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where
- A’ -
Aot = || X ok (6.84)
k=1

If taese computations are being made with a view towards using (6.64) to (6.67), then
the estimate for &, would be from OLS or LSDV, rather than GLS, because (6.64) to
(6.67) are required before GLS estimation is employed. Substituting ,mi. Gumi. and oami
into equations (6.35) to (6.37) enables the computation of ) via equations (6.38) to (6.42).
According to equation (6.29),

$ = HOH, (6.85)

where H can be obtained through equations (6.13) to (6.15) with A replaced by Bt

Thus, to obtain the efficient estimates of 3 represented by ,B, it is a matter of rninimising

U = W
= JVH QO 'H u

= Q74 (6.86)

where @t = H ™ 'u.

For the purpose of comp-iter programming, it is necessary to find a transformation of
the error term. say pi, such that @/p'pi = &/~ 14. When Q is of small dimension, one of the
methods is to find ¢ and A such that p = /‘\‘é‘c’7 where ¢ is an orthogonal matrix consisting
of the characteristic vectors of {2 and A is a diagonal matrix consisting of eigenvalues of Q.
However, ) is of order (M NT x MNT), which could well be in excess of dimension 200.
In this case, solving Q) for ¢ and A requires solving a polynomial equation of degree over
200. This is a difficult task and unreliable results may be obtained. To tackle this problem,
a two-step procedure is developed: (a) decomposing 27! according to the suggestion of

Baltagi (1980), which gives

- A INT | a- (A JInr
1 1 + 0 1 - _ )

NT NT
. B . .
+ Q;%(;—Q}r) + 7' eQ, (6.87)
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where Q. Oy, Q3 and Q. can be calculated according to equations (6.35) to (6.27) and
(6.39) to (6.42) with os replaced by their estimated counterparts. It is noted that these

matrices only have dimensions of M x M; (b) let Q7! = P, P, and defining

Q7! = PP (6.88)
for i = 1.2.3,4. Further defining
b = AoDz 650
D, = %_'j\{};’, (6.90)
Dy = JN“,; (6.91)
Dy = Q, (6.92)

/

then, since the D;s are all iderapotent and D;D; = 0 for 7 # j, equation (6.88) can be

7

written as

4
Ot = S (PP ® DDy

1=1
4 4 |
= (ZP,@Di) (Epgeapi). (6.93)
1=1 =1 y
Therefore, an equivalent operation of minimising ¥ is to minimise @’i, where
4
i = (Z P! ® Di> i (6.94)
=1
To sumimarise, the estimation of seemingly unrelated regression models which carry risk
implications and incorporate composite errors will normally involve the following steps:
(1) Finc. 3 and ¥ by using nonlinear least squares either to minimise u/_u,, for m =
1,2,--+, M, respectively, or to minimise u'u; denote the corresponding residuals by .
(2) Obtain & by applying the GLS technique on the SUR models with error components,

where In @2, is regressed linearly on the In X,,x;:s; denote the corresponding residuals by

€.
(3) Use ¢ to estimate g via (6.76) and then pmi, Omm via (6.78), (6.79). This enables the

estimation o7 o,,; via (6.80).
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14) Use &,,,; and & to find homie from (6.84) and subsequently &, Gxm; and &, from
(6.81) to (6.83). H can be estimated via (6.14) to (6.15).

(5) Construct Qy,9,,; and Q, by replacing os in (6.39) to (6.42) by their estimated
cour terparts computed in step (4)

(6) Find P; of ; for i = 1,2,3,4 and then obtain Q! from (6.93).

(7) Use H from step (4) and Q! from step (6) to find 3 and 3 by emploving nonlinear

least squares to minimise v’ H ~1Q7 1 H ~lu.

6.3 Estimation, Results and Interpretation

Iterasive optimization techniques known as Gauss-type methods are often used to search
for approximate least square estimates (3) of a nonlinear model(Judge et al. 1985, p. 969).

Deno:ing residuals of the NL model by e(3) and the sum of squared errors by R(3),

R(3) ¥ = F(X,8)['Y — f(X.5)]

= e()eld), (6.95)

then the general form of an interation of the Gauss method is (Judge et al. 1983, p. 960)

8;-1 = B;-(22(8)2(8)71G;y, (6.96)
where
(X,
of(zy,8) 8f(z1,83)
BBl el
- ; : (6.97)
8f(zn.B) 8f(zn,B)
_8757_15]‘ L 113;‘
_ 8e(d)
= - 30
OR(3 de(3) 1
G; = 8—2)151.:2[—%%—)—@4 e(ﬁ]’), (6.98)



where 2 is the sample size, G is the gradient of the objective function and 3, is the estimate
of the Harameter vector from the previous iteration. The term (2Z(5)'Z(3))~" is called the
direction matrix.

Th: Gauss method is considered to be reliable provided that the direction matrix is
nonsinzular. Indeed, singularity of the direction matrix often proves to be the major cause
of failure of the method. Also, convergence can be slow when the residuals are large (Judge
et al. 1985, p. 961). One solution to these problems is to augment 2Z(3)'Z(3) by the
matrix

n(M + nd), (6.99)
where M is a diagonal matrix with the diagonal elements M;; equivalent to the diagonal
elements of 2Z(3)' Z(3). ¥ is a pre-determined constant and 7 is a constant changing its
value in every iteration (Nash and Walker-Smith 1987, p. 206). This approach, called
the Marquardt-Levenberg-Nash method, is adopted in this study. However, a larger value
is assigned to 7 than those suggested by Marquardt (1963) and Nash and Walker-Smith
(1987, p. 206). This is because a large residual sum of squares normally occurs with power
functions and a larger n car help speed up convergence. The computer program can he
found in Appendix C.

Noting the complexity of the‘ SUR models, especially when a large number of parameters
is involved, execution of the program can be costly. To reduce the number of iterations and
obtain convergence in the right direction, choices of starting values are quite irnportant.
One possible choice is to estimate the 8s without considering the cross-equation errors and
heteroscedasticity. This can be done by setting u;; = €;;. The resulting estimates can be
used as starting values for the SUR models with composite error and heteroscedasticity.

The survey data described in section 2.3.1 are used to estimate the SUR models. Those
variables in value terms are deflated by a weighted index of agricultural prices in state and
free markets. With M =3, NT = 112 and use of numerical derivatives, it takes 7 to 9
minutes to complete one iteration on the GOULD NP1 machine. About 10 different sets of
starting values are used, five of them lead to the seemingly optimal point with the sum of

squared residuals equals to 6.37 x 10°. The solution corresponding to this point is considered
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to be at the global optimum. The estimates for the mean output function and the output
variance function are, respectively, presented in Tables 6.1 and 6.2.

In Table 6.1, estimated coefficients of the SUR heteroscedastic models are reported in
the thi~d column. For comparison only, results from assuming u;; = v;; are also presented.

From Table 6.1(a), it is seen that, among the eight variables included in the model
for rice, four have coefficients with negative signs. That is, rice production elasticities
with respect to labor, chemical fertiliser. animal cost and machinery cost are less than zero.
Recalling that rice is mainly planted in Southern China, where substantial underemplovment
or over-supply of labor exists in the rural areas, it may be possible that negarive returns
with respect to labor began occurring, particularly after the resumption of doukle cropping
(after triple cropping ceased) since the late 1970s. The negative elasticity with respect
to chernical fertiliser is consistent with the findings of Wiens (1982). Large increases in
the application of nitrogen without corresponding increase in potassium and phosphorus
might be one of the most important reasons for this negative elasticity (Wiens 1978, Stone
1986). The negative elasticity associated with machinery cost is plausible as replacement
of labor by machines “destroys” the traditional labor-intensive farming technique. This is
particularly true with rice production since rice requires fine soil preparation ard flat land.
but mechine operation cannot meet these requirments as well as skilled labor does. For
animal cost, the negative sign is implausible. However, except for labor, all the negative
coefliciants have 95 per cent confidence intervals which include a positive range.

Among the remaining variables, all but irrigation are significant contributors to rice
output Examination of the magnitudes of the estimates indicates that change in sown area
asserted the greatest positive impact on rice output, followed by organic fertiliser. The
insignificance of irrigation may result from the fact that almost all the rice area sown is
irrigated and thus irrigation is not a particularly limiting factor in rice production.

The estimates of the mean output function for maize are tabulated in Table 6.1 (b).
Judging by the asymptotic t-ratios, all the positive estimates are statistically significant
at the 0.05 level. On the otner hand, all the three negative coefficients have 95 per cent

confidence intervals which include a positive range. Furthermore, the three negative values



Table 6.1: Parameter Estimates for the Mean Output Function
(a) Rice

Specifications of Error Structure

Uip = Vip Uip = (M + A + Vig )R

B 6.836 269.663
(3.29) (3.37)
8, —0.181 0.728
(Area) (-2.47) (8.78)
B 0.347 ~0.125
(Laber) (10.52) (—2.38)
B3 ~0.007 —0.005
(Chemical Fertiliser) (—0.18) (—0.43)
B, —0.031 ~0.035
(Animal Cost) (-1.61) (-1.43)
Bs —~0.010 0.017
(Irrigation) (=0.75) (0.73)
s -0.031 ~0.033
(Machinery Cost) (-2.59) (—1.84)
B 0.905 0.379
(Organic Fertiliser)  (11.98) (5.46)
Bs 0.120 0.098
(Other Costs) (7.30) (3.00)

Note: Figures in brackets are asymptotic t-ratios.
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for labor, chemical fertiliser and animal cost are implausible. Unlike in the case of rice.
machinery cost is positively related to maize production. A possible explanation is that,
for maize production, machine operation is mainly involved with cultivation and planting.
Thus, there is less post-harvest less than if harvesting were done by machine. More im-
portantly, timing of planting is more crucial for maize production than for rice and the
requirement for seedbed preparation is not as great as for rice. Maize is mainly grown in
the central and northern parts of China, where farming techniques are relatively poorer
than in the south. In other words, replacement of labor by machines is likely to create a
positive impact on maize output. Moreover, in the far north the excess labor problem is
less severe if it exists at all. This may also help explain the positive sign of Gs.

Area sown is the dominant source of change of maize output. The production elasticity
with respect to sown area is 0.68, followed by 0.16 with respect to organic fertiliser and
0.15 with respect to other costs. The elasticity is only 0.02 for machinery cost and 0.016
for irrigation.

The wheat production function seems to be estimated most successfully (Table 6.1(c)).
The only negative estimate is the elasticity of irrigation. Wheat is largely planted in the far
north of China, where water supply relys heavily on rainfall. It is noted that the negative
value has a small t-statistic. Thus, the true elasticity of wheat output with respect to
irrigation rﬁight be very small and its estimate could well turn out to be nonpositive.

Contrary to both rice and maize. the coefficients of labor, chemical fertiliser and animal
cost are all positive, although the estimate associated with animal cost is not significant
at the 5 per cent level. Chemical fertiliser has the smallest positive elasticity and organic
fertiliser has the largest elasticity. The elasticity with respect to labor is not only positive.
but substantial relative to that for other inputs. This comes as no surprise since wheat
is predominantly planted in the far north of China where labor is relative scarce. The
above-mentioned reason could also explain the relatively large elasticity of machinery cost
in wheat prod-iction.

Overall, Teble 6.1 indicates that, where labor is relatively scarce, machinery generates

a positive and significant impact on mean crop yield. For example, when labor input has
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Table 6.1: Parameter Estimates for the Mean Output Function
(b) Maize

Specifications of Error Structure

Usp = Vie Uir = (K + Ae + Ve )Ryt

3 325.077 415.365
(4.02) (6.42)
51 584 0.676
(Area) (15.10) (13.24)
B, 0.012 —0.027
(Labor) (0.32) (~0.70)
33 0.0002 —0.001
(Chemical Fertiliser)  (0.01) (—-0.13)
B4 —0.062 —0.017
(Animal Cost) (=5.72) (—0.81)
Bs 0.013 0.016
(Irrigation) (1.79) (1.94)
Be 0.009 0.022
(Machinery Cost) (0.88) (2.13)
Bz 0.106 0.161
(Organic Fertiliser) (2.71) (4.55)
s 0.33 0.147
(Other Costs) (8.61) (5.36)

Note: Figures in brackets are asymptotic t-ratios.
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Table 6.1: Parameter Estimates for the Mean Output Function
(c) Wheat

Specifications of Error Structure
Ui = Vit Ui = (M + A+ Vie ) hae

3 103.304 136.950
(3.79) (3.75)
B 0.382 0.198
(Area) (4.41) (1.96)
B, 0.212 0.140
(Labor) (4.95) (2.14)
B3 —~0.014 0.049
(Chemical Fertiliser) (-0.82) (1.98)
B4 —0.044 0.064
(Animal Cost) (-2.37) (1.79)
Bs 0.011 —~0.024
(Irrigation) (0.80) (—1.21)
Bs 0.074 0.084
(Machinery Cost) (2.90) (3.29)
B- 0.230 0.261
(Organic Fertiliser) (7.60) (4.09)
Be 0.148 0.187
(Other Costs) (2.78) (3.13)

Note: Figures :n brackets are asymptotic t-ratios.
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negative returns in rice production, machinery creates a negative effect on production and
the effect is significant at the 10 per cent level. In the case of maize production, labor
had nc significant impact and machinery generated a limited, though a significant effect on
yield (the coefficient is only 0.02), whereas when the labor effect is significantly positive in
wheat production, the machinery effect becomes positive, significant and substantial (the
elastic ty is 0.08).

The parameters determining the signs of marginal risks are presented in Table 6.2.
Although attention will be focused on the estimates given by GLS, parameters estimated
by other techniques are also shown in Table 6.2. The goodness of fit for the SUR system is

calculated according to
(2t ® Inr)é
Y'(E-l ® _DNT)Y

where ¥7! is the variance-covariance matrix of the SUR models, é is a MNT x 1 vector

Ripp=1- (6.100)
containing the GLS residuals, and Dy = Iy7 — Jyp/NT. The Fsyg statistic is obtained
based on R, (Judge et al. 1985, p. 478). The R%;p and Fsyg are not reported in
the tables. The calculation shows that RzSUR equals 0.55 and Fspp equals 16.01. Noting
that data used for estimation are basically cross-sectional (time span is relatively short),
0.55 indicates a reasonable goodness of fit. The Fsygr is statistically significant at any
conventional level, which suggests the existence of heteroscedasticity. This may imply the
inadequacy of conventional functions or the superiority of the heteroscedastic SUR models.

Machinery, organic fertiliser and other costs seem to have stabilizing effects on rice
output (Table 6.2(a)). The coeflicient for machinery is insignificant. It is reasonable to have
a negative &g since the major component of other costs is expenditure on management. The
significance of both positiveﬁy and negative &7 imply the importance of organic fertiliser
in achieving a high and stable yield in China’s rice production. The variance of production
is positively related to chemical fertiliser application, though there is a lack of statistical
significance. This is in line with the expectation of Hazell (1984) who suspected that, as
seed-fertiliser technology advances with the adoption of high-yielding varieties, increased use
of chemical fertiliser may bring about higher production variability. As far as animal cost is

concerned, the significantly positive sign is implausible and thus needs further investigation.
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Table 6.2: Parameter Estimates for the Output-Variance Function
(a) Rice

Estimation Technique
OLS LSDV GLS

cip 22.432 - 18.813

(14.90) : (7.66)

2& 3.443 1.339 2.072

(Area) (8.02)  (0.67)  (2.56)

24 —0.910 0.651 0.174

(Labor) (=3.03)  (0.44)  (0.32)

9 0.303  1.017 0515
(Chemical Fertiliser)  (2.82) (1.16)  (1.92)

24y 0.470 1.228 1.005
(Animal Cost) (2.63) (1.36) (2.84)

2G5 0.273 1.049 0.796
(Irrigation) (1.69) (1.27) (2.40)
2a¢ 0.101 -0.179  -0.005
(Machinery Cost) (1.08) (-0.33) (-0.03)
27 -2.003 -—-1.987 —1.850
(Organic Fertiliser) (-5.59) (-1.22) (-2.84)
2ag —-0.450 ~—~1.894 —1.433
(Other Costs) (-1.89) (-1.66) (-3.17)

R? 0.637
F-ratio 22.609

Note: Figures in brackets are asymptotic t-ratios.
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While irrigation is expected to help stabilise production, the empirical result here does not
seermn supportable. Noting that &s is significant and of considerable magnitude, better
management of the irrigation system in China is implied to be urgently needed. This is
because the positive a5 and negative /35 could well be the result of malfunctioning of the
irrigation system due to a collapsed management of water resource and irrigation facilities
after the introduction of the APRS in 1978. The impact of area sown on production risks
basically depends on the correlation coefficients among rice outputs of different seasons and
on menagement skills. In general, a positive relationship is expected. Finally, labor does
not produce a significant impact on production risk. This is primarily because the labor
input in China was near “saturation” long before 1980. Thus its changes may not generate
any effect on either mean output or output risk.

Contrary to the case of rice production, animal cost and irrigation were estimated to
be stabilizing factors in maize production in China (Table 6.2(b)). This may be due to the
relative insensitivity of maize to the timing, quantity and frequency of water supply. In
other words, irrigation can help stabilise maize production and, while there are problems of
irrigation in China, these may generate only very limited impact on maize yield variability.
The variables other than animal cost and irrigation are all positively related to maize
production variance. This is plausible for labor, area sown and chemical fertiliser for the
re530ns discussed earlier. The positive signs of machinery, organic fertiliser and other costs
are implausible. However, all the positive estimates have 95 per cent confidence intervals
whicl include negative values.

. Thae relationship estimated between wheat output variance and inputs is presented in
Table 6.2(c). All the slope parameters are insignificant at the 5 per cent level. The negative
value for area sown is unexpected as is that for organic fertiliser. The estimates associated
wi_;th labor and other costs are not only positive, but also quite large in magnitude. It
should be stressed that all the slope coefficients could well be zeros in accordance with the
asymptotic t-ratios.

It is difficult to generate findings from the estimates of the three equations because (a)

most of the estimates are ot encouraging in terms of statistical significance; and (b) the
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Table 6.2: Parameter Estimates for the Output-Variance Function

(b) Maize

Estimation Technique
OLS LSDV GLS

Cro 9.138 - 9.107

(6.77) . (3.91)

23 0.377 1.675 1.056

(Area) (0.83) (0.45) (1.34)

24, 0.368 0.013 0.058
(Labor) (1.03)  (0.004) (0.11)

243 0.040 0.054 0.099
(Chemical Fertiliser)  (0.35) (0.08) (0.56)
20y —-0.055 —0.785 —0.440
(Animal Cost) (-0.39) (-0.70) (-1.77)
245 —0.160 --0.436 —0.182
(Irrigation) (=2.22) (-0.79) (-1.28)
26¢ 0.282 0.390 0.349
(Machinery Cost) (2.87) (0.51) (1.86)
26b7 0.340 0.338 0.437
(Organic Fertiliser)  (1.08) (0.16) (0.76)
2 b3 0.250 0.434 0.261

(Other Costs) (0.32)  (0.29)  (0.49)

R* 0.533
F-ratio 14.684

Note: Figures in brackets are asymptotic t-ratios.
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Table 6.2: Parameter Estimates for the Output-Variance Function

(c) Wheat
Estimation Technique

OLS LSDV GLS

o €310 7.2%6

(6.99) - (2.54)

24 0.016 —-0.709 -0.407
(Area) (0.04)  (=0.37) (=0.41)

24, 0.886 -0.207 0.700
(Labor) (3.40) (—0.17) (1.26)
243 —0.331 0.290 0.018
(Chemical Fertiliser) (-3.01)  (0.96) (0.09)
20y —0.005 0.003 —-0.073
(Animal Cost) (-0.03) (0.01) (-0.24)
245 —0.002 0.184 0.056
(Irrigation) (-0.02) (0.42) (0.24)
2dag 0.444 -0.011 0.247
(Machinery Cost) (4.14) (-0.03) (1.13)
2ay ~0.141 0.682 0.113
(Organic Fertiliser) (—0.47)  (0.67) (0.19)
26 0.48% 1270  0.878
(Other Costs) (1.64) (1.58) (1.65)
R? 0.596
 F-ratio 19.010

Ncte: Figures in brackets are asymptotic t-ratios.
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magnitudes of and especially the signs of parameters are so inconsistent across equations.
However, as far as the relationship between the ‘green revolution’ and production risks is
concerned. the empirical resulss indicate that there is a positive link between seed-fertiliser
technolcgy and output variability. This may be due to the introduction of HY' Vs which have
a narrower genetic base than their predecessors (Hazell 1984). The nature of irrigation in
the context of output variability crucially depends on the reliability of the water supply.
Taking into account the fact that the irrigation systems in many parts of China are generally
in a state of poor repair and often severely damaged, the nonnegative effect of irrigation on
output risk may be understandable. The machinery input possibly brought about higher
risks, which could arise from the poor quality of both tools and operations.

The estimated covariance matrices [(im,l}, [éumg], [63mi] and [8,] of the output-variance

functions are given in Table 6.3. From comparison of the corresponding values of [§,.;] and

[8,mi): 1t 1s clear that the time effect may be negligible. The existence of cross-equation

covariar ce is seen by the possibly significant off-diagonal values of [¢,,,;]. If the assumption

of a normal distribution for each of the three (time. section and random) errors holds, the

Table 6.3: Covariance Matrices of Output-Variance Functions

-0.010 -0.043 -0.168
Sami] -0.043  0.058 -0.046
-0.168  -0.046  0.148

1.660 1.336 -0.697
omil 1336 3.373 -0.402
-0.697 -0.402  3.321

5.293  -0.227 -0.088
(bomil -0.227  2.803  0.122
-0.088  0.122  2.009

6.093  0.833 -0.576
(6] 0.833 5.035 -0.118
-0.576 -0.118  3.981




Table 6.4: Covariance Matrices of Mean Output Functions

[5928.522 5809.082 840678.539

(6 omt] 5809.082 4593.849 271162.822
840678.539  271162.822 186857666.081

1570.784 619.503  -131845.170

[6Ami) 619.503 246.119  -277397.578

-131845.170 -277397.578  76840813.036

14630.159 3448.611  1982192.815
[Gumi] 3448.611 56.530 985374.936
1982192.815  985374.936 263829703.787

diagonal elements of [é,,;] should be close to 4.9348 (Harvey 1976). Statistical tests (F
statistics) indicate that all three values are not significantly different from 4.9348 at the 5
per cent level. In passing, it is noted that the negative values on the diagonals of these
matrices are possible and they can be set to zero in practice if necessary (Fuller and Battese
1974, p. 72).

The variance-covariance matrices of the mean output functions are given in Table 6.4.
The lack of time effects is again seen by the small ratios of &x,m;/&.m;. The contemporary

covariances across equations are all positive and substantial.

6.4 Summary

In this chapter, SUR models which incorporate timie-specific and section-specific error com-
ponents end permit the marginal variances of outputs to be of either positive or negative
sign are proposed. An estimation procedure is suggested and a corresponding computer
program in FORTRAN is developed. This atterﬁpt is of empirical significance, particu-
larly in azgro-economic research. since outputs of various agricultural activities tend to be
influenced by some common factors, notably weather and policy changes. Also. increases

of different inputs can either enhance or reduce output risks. Conventional SUR models
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restrict the marginal risks to be positive.

Using combined time-series (4 years) and cross-sectional (28 regions) data on Chinese
rice, maize and wheat production, heteroscedastic SUR production funcrtions were esti-
mated. The results suggest that, as chemical fertiliser, sown area and irrigation cost in-
crease, output variances generally rise. In contrast, increase in the organic fertiliser., ma-
chinery and the other inputs may help stabilise Chinese foodgrain producrion. Labor input
does not create significant impacts on either mean outputs or output variances.

It must be noted that most of the inputs considered in the models are not necessarily
significantly related to production risks. This is not to suggest that these and other inputs
are, in fact, unimportant or unnecessary in production and its riskiness. [t may, however,
imply the importance of weather and government intervention in agriculture in determining

the variability of Chinese cereal production.
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Chapter 7

EPILOGUE

7.1 Introduction

The obectives of the study, as set out in Chapter 1, have been basically fulfilled. There are,
however, some further issues rzlevant to Chinese foodgrain production variability remaining
to be d.scussed. These, together with various limitations of the study, provide topics for
further research.

To conclude this thesis, the limitations of the study are presented in section 7.2, followed
by discussion on alternatives towards handling production variability. Finally, in section
7.4, the major findings are summarised and some brief remarks are made on appropriate

policy irnplications.

7.2 Limitations of the Study and Needed Further Research

As in many economic studies. there are problems with data, methodology and possibly
interpretation of results in this study. Particularly in the case of China, some of these
problems are inevitable. This is due, partly, to the shortage of literature on the Chinese
agriculttral economy. Furthermore, both quantity and quality of Chinese data are a major
obstacle in attempting a satisfactory analysis of Chinese’s economic issues (Walker 1982).

Although a special chapter was devoted to data problems, it is worth emphasising some
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of the negative effects of data problems on the empirical results presented in this thesis. In
particular, riissing data sets raised the need to artificially define a Residual region and a
Residual croo for variance decomposition (cf. Chapter 4). This may have distorted some of
the results. The data for other-grains and other-region were calculated from the available
data, some of which were from different sources and/or somewhat arbitrarily estimated.
This is probably one of the major reasons why variation in other-grains accounted for a
surprisingly large percentage of overall variability for some regions and for China as a
whole.

Similarly, she poor estimation results in Chapter 5 could also result from the poor
quality of data due to errors incurred in the data-gathering process. Also, the shortage of
regional observations over time possibly led to unreliable estimates of the region-effect and
its associated variance-covariance matrix.

Further effo-t is required to look at the possible changes in the patterns and underlying
causes of Chinese foodgrain production variability after the economic reform initiated in
1978. While the impact of these changes on foodgrain production variability is about to
appear. this important issue is bevond the scope of this thesis.

As far as analyrical techniques are concerned, halving of covariance terms in Chapter 4
may be inappropriate. When covariance terms outweigh the sum of variance terms, as in
the Chinese case, the handling of covariance terms becomes particularly important. Some
alternative methods, as suggested in Chapter 4, may be useful.

The power function employed in Chapter 6 is rather restrictive. A possible extensiorn
would be to generalise the model so as to allow for the specification of functions which are
log-linear in the parameters. Such a generalisation might help to improve the empirical
results presented in Chapter 6.

Institutional effects on Chinese foodgrain production were evaluated via a rather crude
technique in Chapter 5. Efforts to separate the weather effects, ‘green revolution’ effects,
policy effects and irstitutional effects would be worthwhile. In this regard, simulation may
prove to be a more suitable and powerful tool.

The conclusion irawn in Chapter 6 is subject to changes in weather patterns. Since
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efficient plans (Hazell 1982). These plans offer a framework under which the grain-purchase
contract system could operate and be adjusted when necessary.

In the other direction, effort should be made to breed new crop varieties which are more
resistant to pests, weeds, diseases and weather disturbances than existing cultivars. The
trade-off between stability and high yield must be seriously considered before releasing anew
cultivar. Also, given the diverses growing conditions throughout China and the importance
of covariabilities in composing instability of China’s foodgrain production, plant breeding
may need to be more location-criented than before.

Increzses in capital construction are recommended as one possible measure to reduce
weather ¢r environment-related yield variability. This is generally accepted in China by
both economists and governmert. Notable examples include the Hui River and the Yellow
River pro_ ects which have almost eliminated large-scale flooding. Likewise, the north-plain
irrigation scheme in Heilongjiang Province has the potential to help stabilise crop yield in
that region if electricity and warer supplies can be secured. Over the last few years, state
investmenrn in agricultural capital construction has been decreasing. While this decrease
may have ittle impact on output volume in the short-run, its damaging effect on foodgrain
production stability can never be overlooked.

Improvement of the agricultural extension system is also likely to have an impact on
crop production stability. Farmers need to be well informed as to the effects of various
agricultural technologies on production levels and production risk or variability. Without
proper extension under any small-scale family farming system, the adoption of new tech-
nologies may bring about higher variability. This is particularly important in China, as
the extension network is heavily damaged at present, and it has so far neglected variability

issues.

7.3.2 DMitigating production variability or its effect

Given a pacticular level of production variability for individual crops, there exist some
alternative procedures to mitigate crop output variability at the farm, regional or national

level.
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Perhaps the most traditional method is product diversification. However, effectiveness
of any forra of diversification depends crucially on the covariabilities among the outcornes of
the chosen activities. Spatial diversification is of limited use in China since the amount of
land operaed by each family is too small to allow for feasible spatial diversification. Thus.
staggered plantings and sequential diversification may be regarded as suitable techniques
for stabilisiag total farm output. However, diversification often leads to stable total output
at the cost of inefficient resource use. As such, the extent to which the diversification
option should be encouraged is an open subject for further research. This is of national
significance as China possesses a very low resource/person ratio and has struggled to obtain
self-sufficiency in foodgrain supply.

Crop insurance could provide a formal mechanism to transfer production risk or variabil-
ities. As previously argued, yield variability is the dominant source of production variability,
so insurance might be the best solution (Hazell, Pomareda and Valdes 1985). It is noted
that currently there is no crop insurance in China. The usual problems, such as adverse
selection and moral hazard, would have to be seriously considered in designing such an in-
surance program. Evidence provided by Hazell, Pomareda and Valdes (1985) suggests that
a national agricultural insurance scheme would need government backing. Such a scteme
might also be 1sed to transfer incomsa to farmers in order to bridge the income gap between
farmers and non-farmers. Raising farmers’ income through other ways, e.g., lifting agricul-
tural product ‘rices, has proven difficult and often led to undesirable results. The failure
of most compr:hensive insurance prcgrams may imply the necessity for crop insurance to

be compulsory, risk-specific and partial.

7.4 Major Findings and Remarks on Policy Implications

Dramatic changes have occurred in China since the late 1970s. It is now apparent that these
changes have been towards replacing the planned economy by a market-based economy. The
changes are like.y to alter the patterns and sources of foodgrain production variability in

China. Future research is needed to identify the effect of the changes on Chinese foodgrain



production once data become available. However, the present studv mav provide useful
information for relevant policy evaluation and possibly for future policy design. It can also
serve as i basis for further research on Chinese foodgrain production variability.

In Chapter 3, single-variable measures were applied to regional data to measure intra-
crop and .ntra-region variability. An inverse relationship was found between the importance
of a crop and its variability in terms of both sown-area and output. This finding reflects
the positive effect of the procurement system on stabilising sown area as confirmed by
the results in Chapter 5, where significant decreases in production variance were shown to
be attributable to reductions in sown-area variations between 1949-58 and 1963-77, and
between 1949-58 and 1978-83. Thus, abolition of the procurement system is called into
question. If the substitute, namely, the grain-purchase contract system. does not work as
desired, the re-introduction of the procurement system with some modifications may be a
feasible opt.on.

This finding also calls for greater attention to be paid to coarse grains, not only because
they have been neglected by the government, but also because their volume will increase as
the rapid development of animal husbandry leads to increased demand for coarse grains.

Policy-makers in China used to focus on raising and stabilising crop yields in the devel-
oped regions. It is only since the mid 1980s or so that attention has been diverted to less
developed arcas. This is partially responsible for the appearance of a trend of increasing
variability from the South to the North and from the East to the West. The finding of such
a trend appeals for special consideration in designing policy to raise vields in less developed
regions. Efforts must be made to improve farmers’ management skills and farming condi-
tions. These a~e important for both raising and stabilising crop yields. The current strategy
of simply allocating more inputs to the less developed regions has neglected variability is-
sues. It is noted that increases in the application of some inputs, particularly chemical
fertiliser, may iead to higher production variability, as shown in Chapter 6.

By single-variable measures, output of rice was shown to be most stable and wheat to
be less stable among the crops considered in this study. The proposition by some Chinese

econormists to ircrease wheat production at the expense of rice production has to be revised
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if stability of China's foodgrain supply is taken into account.

When covariabilities were also considered together with intra-crop and intra-region vari-
abilities in Chapter <, it was found that, as far as sown-area is concerned, covariance among
regions dominated tt e total variability. This is true for every individual crop. In the case of
output, the among-rzgion covariance shared nearly 30 per cent of total output variability.
These findings once again imply the negative effect of rigid nation-wide policy on production
variability. It is particularly recommended that balanced allocation of state investment, in-
put and consumption rations, etc. be aboliched because it could contribute significantly to
the composition of covariabilities.

It was shown in Chapter 4 that yield variability played an dominant role in composing
output variations for important crops and sown area variability for less important crops.
This may indicate that for those regions mainly producing fine grains, emphasis should be
put on stabilising yields, while emphasis should be focused on stabilising sown-area for the
other regions.

One interesting point is the existence of positive production covariance among crops
within regions. This cests some doubts on the usefulness of crop diversification in reducing
regional production variability. Such a result suggests that encouraging regional specialisa-
tion will lead to an increase in national foodgrain production, while having little influence
on prociuction variability. Therefore, the practised self-sufficiency strategyv of regional gov-
ernments cannot be justified on the basis of either mean production or production security.

The results from Clapter 5 show that total variability of China’s foodgrain production
decreased from 1949-58 to 1978-85 and from 1963-77 to 1978-85. From 1949-58 to 1978-85,
all crops experienced large decreases in sown-area variance. Meanwhile, vield variations
enhanced the total variability. However, the stabilising effect of sown-area control via
implementation of proct.rement policy outweighed the destabilising effect of yield variation.
This is not surprising since the influence of yield variation on output instability is not as
large nor as significant as that of sown-area (cf. Chapter 3). Thus, it seems questionable
‘or the government to devote major efforts to stabilise crop yield while neglecting sown-area

variability. If sown-area was not of serious concern prior to 1985, because it was controlled
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by the cetailed national plan, then sown-area variability must now attract policy-makers’
attention. Currently, there is no explicit or effective mechanism to control area sown in
China.

It is bnown that introduction of the APRS has asserted positive effects on production
volumes. The introduction also led to a decrease in production variance. The decrease was
largely attributed to the farmers’ improved initiatives and a flexible government control over
sown-area. At present, the fixed low grain prices and high inflation have swept off farmers’
initiatives. Conversely. land privetisation would seem inevitable in the medium term:, which
may well lead to high sown-area variability. Thus, there may be a large increase in the
variability of Chinese foodgrain production in the near future unless (a) appropriate schemes
to control sown-area are designed and implemented with the progress of land privatisation;
(b} price structures, especially agricultural product price structures, are adjusted so that
grain producers are not in a disadvantageous position, at least, relative to other producers
in the agricultural sector; and (c) price stabilisation programs are introduced as the whole
economy moves towards a free economy.

In Chapter 6, some inputs, e.g., chemical fertiliser and sown-area, were shown to be posi-
tively related to production variance, and other inputs, e.g., organic fertiliser and machinery
cost, negatively related. The significant effect of input changes on production variability
may well be relevant to inier-region and/or inter-crop covariabilities as well as to intra-
crop or intra-region variabilities. These results imply the necessity for return to extensive
application of organic fertiliser. This tradition was lost when the APRS was introduced
and labor cost became high in the early 1980s. It might be useful to tie the allocation
of chemical fer:iliser with the application of organic fertiliser. This could be important
for both sustaining gains in yield anc in reducing production variability. However, most
inputs considered in Chapter 6 did not significantly affect output variance. Thus, weather
is still the major factor determining production variability. In view of this result, the cen-
tral government’s policy of decreasing agricultural investment needs to be reversed. Unless
reversed, the present policy will destabilise foodgrain production, especially in the long

run, because the state investment was largely devoted to reducing the effect of large-scals
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