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Forecasting Dairy Herd Development in China*

With the rapid development of the Chinese dairy industry, various researchers have
examined the industry from many perspectives related to supply and demand. One of
the most important factors for this industry is the total number of dairy cows and it is

this aspect that will be addressed in this paper.

This paper examines how economic and biological factors influenced the size of the
Chinese dairy herd population using an autoregressive distributed lag model and a

dairy herd inventory model.

The estimated results showed that the biological process was dominating the
development of the Chinese dairy herd. The ratio of milk to corn price, as an
economic variable, is another factor that had an impact. Beef price, which was found
to be an influential variable for the United States dairy cattle inventory did not have a
significant impact on the Chinese dairy industry. This is expected to change as the

dairy industry in China develops.
Results from this study also suggest that Chinese farmers have a positive expectation
in the long term towards the dairy industry and that there are high adjustment costs in

dairy production in China.

Finally, the projection results showed that it is very likely that the dairy cattle
numbers in China would double between 2005 and 2010.
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1. Introduction

China’s dramatic increase in dairy production has stimulated a considerable amount
of research on the growth of supply and demand for dairy products in China. A large
proportion of the research is focused on the demand side (Dong 2005; Fuller et al.
2004; Fuller and Hu 2005; Glosser 1999; Griffin 2004; Guo et al. 2000; Hu et al.
2004; Liu and Chen 2003). Even though it is one of the most important agriculture
production elements, the expansion of dairy herd size has received limited attention

from researchers.

Research into this aspect of the dairy industry is of importance to understand the
future capacity of Chinese milk production, to measure the future milk self-
sufficiency and consequently, the international trade of Chinese dairy products.
Additionally, with the rising pressure of calf supply to the Chinese beef industry, the
projection of Chinese dairy herd size could indicate the potential of supplying male
calves to Chinese beef production. Furthermore, understanding the driving forces of
dairy herd development and its momentums can enable analysis of scenarios such as

government intervention.

It would be expected that the development of the Chinese dairy industry would be
influenced by milk price, feed price and beef price. In particular, a better
understanding of the statistical data of the dairy herd in China would aid in

anticipating its development.

As stated by Fuller (2005), Fuller (2004), and Chi (1999), China’s dairy history has
only really occurred since 1980 when dairy production was only 1 million tonnes for
the whole country. At that time, the milk supply was limited to Metropolitan cities for
older people and babies. However, after 1980, China’s dairy production increased
dramatically. From 1980 to 2005, China’s dairy cattle population increased about 19
times and cow milk production increased about 24 times. The expansion of milk
production resulted from both an increase of average milk yield and a larger dairy
herd population. Fuller (2005) acknowledged that by far the most prominent source of

growth of milk production in China has been the expansion in the dairy herd (Figure

D).



Since the expansion of the Chinese dairy industry is mainly driven by dairy herd
expansion, research about increasing dairy herd size becomes necessary to understand

the Chinese dairy industry.

Figure 1: The development of the Chinese dairy industry
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The paper will initially document a brief review of cattle inventory research followed
by a discussion regarding the methodology, and rationale and combination of an
autoregressive distributed lag model and a dairy herd inventory model for China. Data
problems will be addressed prior to presenting empirical results and discussion.

Finally, the conclusion of the will provide suggestions for further research.

2. Previous research

As Schmitz (1997) stated, Jarvis is credited with the first application of capital goods
theory to cattle replacement decisions. Jarvis’ theory is simply that cattle are
considered to be capital goods that are held by producers as long as their capital value

in production exceeds their slaughter value. This theory has been applied to much



research about cattle inventories over the last two decades, including Rucker et al.

(1984), Chavas and Klemme (1986) and Schmitz(1997).

Jarvis (1969) investigated the elasticity of a number of independent variables using
six different cattle categories in Argentina. From the elasticity, he discussed the
influence of different independent variables on the six dependent variables. He argued
that the econometric results were quite satisfactory due to the significance of the
coefficients of the independent variables. However, it seems that he did not recognise
the effect of the lagged distribution of the independent variables in the equations.
When lagged variables are used in equations, the serial correlation must be examined
closely. “If serial correlation is present, then the coefficients of the variables are
misspecified” (Greene 2003, p. 253). So even though Jarvis’ (1969) results are
consistent both in sign and magnitude with the previously developed theory, there are

some questions surrounding them.

Following Jarvis, Chavas and Klemme (1986) analysed dairy herd composition and
milk supply response in the U.S. dairy sector. In this research, they took both the
biological information and economic environment into consideration and a large part
of the theory is based on Jarvis’ research. Chavas and Klemme tried to find a
relationship between milk price, slaughter price and feed cost, and milk output. The
assumption was that dairy cows of different age categories have different performance
in term of milk yield, and farmers made their decision based on expectation of future
profit. Through the maximisation of the present value of net return from the dairy
herd, economic behaviour of dairy farmers was investigated in response to different
economic environments. Further, they projected milk production and the milk supply
elasticity in the short and intermediate term given stationary prices. One of the
shortcomings of this approach is that it is less tolerant to limited information. Without
a good database support like in the U.S., it is very hard to apply this approach to other

countries, especially developing countries where the statistics are not as systematic.

As a component of cattle inventory research, Schmitz (1997) used a logistic function
to discover cow culling possibilities. The number of cows culled was a function of
interest rate, hay price, corn price and the Palmer Drought Severity Index. In this

research, biological and economic concerns seemed to be accounted for. Unlike Jarvis,



Schmitz applied serial correlation tests. The cow replacement equation exhibited
severe serial correlation. A correction was attempted using the Durbin procedure
(Schmitz 1997), but because of the complexity of the cow equation, a rectification
was not possible. The serial correlation made his discussion questionable as it was,
based on the coefficients of the independent variables. However, he (Schmitz 1997,
p-10)defended himself stating “generally strong t-values would suggest that this
relationship has had a minimal impact on the results”. This argument was also
supported by the tracking ability of his model. But again, to apply Schmitz’s approach

in other countries, researchers need a very systematic database.

The empirical results of the only projection of dairy herd development (Bin 2002) saw
a difference of more than 19 per cent between the three-year projection ending in
2005 and the observed data. In Bin’s econometric model, the only independent
variable used was time t and a cubic regression was selected to simulate and project
the dependent variable ‘dairy cattle number’. The dairy herd projection by Chavas and
Klemme (1986), and Jarvis (1969), revealed that further research on the development

of the dairy herd is needed.
3. The Autoregressive distributed lag model

In agricultural production, the supply of agriculture products has charactertics of “late
response” because of the cost of adjustment, and lagged attributes of investment,
(Jiang et al. 2003). This means higher the cost of the adjustment, the later the response
of the supply and thus the effect of agricultural phenomena can only be observed after
a certain period. The partial adjustment model developed by Griliches has been
widely used to examine the lagged behaviour in agricultural production. “Partial
adjustment generates lagged dependent variables among the regressors” (Johnston

1984, p.349). The general form of this model is as follow

Y, -Y, =60, -Y_)+V, 0<6<1 (al)

Where Y, is the optimal behaviour and v, is the disturbance. Introducing a lag

operator L into equation (al), an alterative form is



(1-6LY =(1- )Y + v,. (a2)

When Y =a + X, (a3)

producing (1- 6L)Y, = a(1-0)+ B(1-6)X, +V,

or Y =a(l-6)+6Y,_, +1-0)X, + 4, (ad)

Farmers are also considered to make their decisions based on their expected market
situation. “Adaptive expectation is another lagged model in which expectations get
updated each period on the basis of the latest information about the actual value of the

variable” (Johnston 1984, p.349). The generalized form is as follows:

X -X ,=A(X,,-X) 0<A<1 (a5)

Where X is the expectation formed at the end of period t. Again if we introduce lag

operator L, equation (a5) may reformulated as

AX  =[l-(-AL]X] (ab)
If ¥ =a+ X, +u, and substituting (a6) in the equation, then we produce

Y, =a+PAX,  +(1-DX, , +A-DX,, +]+4, (a7)
In recognising that dairy herd development involves a dependent variable that is a
combination of lagged dependent variables and lagged independent variables, a
combination of the partial adjustment model and the adaptive expectations model

needs to be applied to the simulation of the Chinese dairy herd. Combining equations

(ad) and (a7), gives:



p q
Y,=a+) 6Y_+> A,X,_ +¢ (a8)

i=1 j=0
in which ¢, is assumed to be serially uncorrelated and homoscedastic (Greene 2003,

p-571). This form is the autoregressive distributed lag (ARDL) model. This

assumption about the residual € seems omitted by most of the research on cattle

inventory simulation.

The autoregressive distributed lag model is particularly suitable for simulating and
forecasting Chinese dairy herd development. The model takes both biological
progress of the dairy herd and the influence of the actual economic environment into
account. The lagged dependent variable is the dairy herd number, which is lagged one
year. Its coefficient best describes the biological relationship with the dairy herd
number in the previous year. Also, the lagged independent variables describe the
sensitivity of dairy herd number to the economic factors. Unlike finite lag models and
the geometric lag model which impose strong, possibly incorrect restrictions on the
lagged response of the dependent variable to changes in an independent variable, an
advantage of the ARDL model is its flexibility which provides a useful platform for

studying a number of interesting methodological issues (Greene 2003, p.571).
4. The inventory model

The dependent variables used are the ratio of milk price to corn price, beef price and

lagged dairy herd number. Hence, the form of inventory model is
Cdhn! = f(Ratio!,Bp!,Cdhn?)

Cdhn! Ratio/

where is the desired number of dairy cows in year t, * is a vector of the

ratio of milk price to corn price, Bpi is a vector of beef price and Cdhn; is a vector of

lagged dairy herd numbers.



Milk price to corn price ratio represents the profitability of dairy production suggested
by Jarvis (1969) and Chavas and Klemme (1986), which is expected to have a

significant positive influence on production per cow and cow numbers.

Beef price is the economic factor that determines the opportunity cost of keeping the

cow in dairy production.

To take a close look at the composition of the Chinese dairy herd and to understand
which variables influence different components of the composition, the following
discussion that is largely borrowed from Jarvis (1969), was reviewed. The objective
of this review is to explain the interaction among the different components of the
Chinese dairy herd and further to investigate the relationship of each component to
the biological and economic environments. This model could be a useful platform to
further analyse a number of issues of the dairy herd when the relevant data are
available. The main steps in the process outlined in the equations below are the
identification of equations representing the biological processes linking dairy female
calves, replacement heifers and dairy cows. The survival rate, replacement decisions
and culling rate are influenced by improvements in technology and economic
variables respectively. Through this examination, it is expected to explain how the
biological processes and economic environment have influenced the Chinese dairy

herd.

Consider the dairy herd population classified into categories x, x ..., X " where

x ° equals the number of offspring at year t and x/* is the number of cows of age j in
year t, j is the maximum age for milk production and does not exceed the oldest age of

a COw.

If we define A ; as the reproduction rate of a j year old cow, then the number of

offspring in year t is

X=X A, (b1)



With the assumption that a cow only gives birth to one offspring at a time, and that
the earliest age a cow gives birth is 2 years old and the oldest service age is 14 years,

then the number of offspring in year t in China is
x, =3 Ax, (b1°)

If the survival rate for the cattle from year t to year t+1 is

K =l (b2)

Jjt
X jt

then in year t, the number of the dairy cows of age j would be
i
Xt :[ ij—i,t—i ] Xou-j (b3)
i=1

Denoting @ ; as the probability that a given heifer is selected as a replacement, and

assume almost 50 per cent of the offspring is female, then the number of the female

calves used for replacement and expansion from the dairy herd in year t is
x;,=0.56 ] ko, > Ax;,, (b4)
J=1

Since currently in China, almost every female offspring from the dairy herd goes to

replacement then € ;=100 per cent=1 and equation can be simplified to

(b4+)

ja-1

x;,=0.5k,,_, > Ax
J=1

Moreover, with the development of technology in the dairy industry and with a
probability that a replacement becomes necessary, it is expected 8 | to change to less

than one in the future in China. This will be discussed further in relation to model

estimation.

Since the replacement heifers will produce their first calves at age two, A ; is zero
when j is less than two. If letting x  represent the number of cows of age j in the herd,

the number of replacement heifers can be determined as:

x,=0.56 > x°, (b5)

j=2



again, when @ | is one currently in China, the number of the replacement heifers is

x,,=0.5 (b57)
Letting 7}, be the possibility that a cow is kept in next year’s retention which means

another service year, then equation (3) can be used to indicate the number of cows of

each age in the herd, as follows:

xi,{Hfzf_,»,,_i}xit_s (b6)
i=1

In the equation (6), S is denoted as the service year of a cow, then s=j-2. The total

number of the cow (COWS) in service years in year t is as follows:
COWS = Z |:H z:—i,t—i ’ xlr,t—s:| (b7)
s=1 i=1
where n is the maximum service year of dairy production.
Then the number of the calves that are no more than one year old in year t is:

CALVES, =0.5-k,, , COWS (b8)

And the number of replacement heifers (REPL ) in year t is:
REPL,=0.5(k,,_, -k,,.,) COWS _, (b9)

Then the total Chinese Dairy Herd Number (CDHN) would be the summation of the

cows in service and heifers that are no more than two years old plus calves.

CDHN, = COWS, + REPL, +CALVES, (b10)

If the number of cows of different age is known, the dairy herd can be analysed from
many perspectives with this inventory model. These issues include the identification
of the number of each dairy categories in different age groups; analysis of the

technology improvement of dairy production through average milk yield; and

10



investigation of the dynamics of the population of each dairy group under different

economic situations.

5. Combination of the models

Combining the autoregressive distributed lag model (a8) and the Chinese dairy herd
number equation (b10), each component of the Chinese dairy herd is examined as

discussed.

5.1 Opportunity Cost

When a cow’s value as beef cattle exceeds the value as dairy cattle, a farmer will cull
the cows for beef production; in other words, a farmer will prefer a lower retention
rate of the herd. Many researchers have shown that beef price influences the value of
dairy cattle, with the assumption that culled cows in China will not be fed and will be
slaughtered straight after removal from the dairy herd. As another opportunity cost,
the ratio of milk price to feed price influences the value the dairy cattle for dairy

production.

5.2 Retention Rate

The number of cows in year t+1, COWS

.1 » 18 determined by the retention rate 7,
and the number of cows in year t. Consider a dairy farm having a certain number of
cows in year t. To get optimal output next year, the farmer might adjust the retention
rate to achieve this goal. As discussed in the paragraph above, the combination of beef
price and the ratio of milk price and beef price have an impact on the retention rate.
From equation a8, the lagged independent variables describe how the cow numbers

are adjusted over time independently of these other variables.

5.3 Survival Rate

From equation (b8) and (b9), the survival rate and the number of the cows in the

previous years determine the number of calves and heifers. With an assumption of

11



constant technology, the survival rate is constant and then the number of dairy cows
in previous years has a dominating influence through biological relationship on the
number of calves and heifers. With equation (a8), the lagged dependent variable

describes the development of numbers of calves and heifers.

The above discussion shows, how the ARDL model interacts with the composition of
the dairy cattle inventory, with part of equation (a8) being a result of biological

relationships, and part being driven by lagged economic variables.

6. Data selection and limitations

Inconsistency in Chinese agricultural data is a consequence of erratic definitions of
variables, changing collection methods and data inconsistency between organisations,
government and researchers. Indeed, many researchers have critically discussed the
quality of the data (Yuan et al. 2001; Longworth et al. 2001 and Jiang et al. 2003).
This is particularly a problem for data in the Chinese livestock industry. It seems this

problem arises from three reasons:

1. The transformation of China from a planned economy to a market economy.

2. The logistics of collecting information from 9 billion farmers in a country area
of 9.6 million square kilometres with the tradition of small backyard livestock
production.

3. The oversight of useful detailed data in previous censuses.

While all, three of these factors have affected the information used in the current
study, it is China’s transition to a market economy that has hampered this research the
most. The last twenty years has seen considerable price reform in China. There has
been a transformation from a situation in which prices and quantities supplied were
highly regulated under the planned system. This was followed by a gradual
readjustment of prices, followed by the policy of opening up. “The combined effect of
these factors gradually brought domestic prices in line with international market
prices” (Zhou 1999, p.2). To be more confident with the data, data information
collected before 1993 has been excluded. During 1993 the price system was opened

up, and also accounting for the lagged characteristics of agricultural production, the

12



data used in this study effectively starts from 1995. Obviously, the longer the data set,
the more information that can be provided. However, if this information is
inconsistent over time, the estimated coefficients described by the relationship
between dependent variables and independent variables can be biased. A good
example is milk price. Cheng (2001, p.14) pointed out that “since 1993, planned feed
supplies with fixed prices were cancelled. This caused a great increase in dairy
production”. In other words, there has been with a significant change in the structure
of the dairy industry in China since the early 1990s, and the data have been more

consistent since then.

Another major problem encountered in this study was the definition of dairy herd
number. Unlike other countries, China does not have statistics on the number of milk
cows separate from heifers and calves, or the average yield of each cow which might
be a proxy to calculate cow numbers considering the available amount of total milk
production. This does not allow the authors to complete any further analysis such as
discussed in chapter 5. The only available statistics on dairy herd inventory in China
are the sum of calves, heifers and cows as a whole and there is no clear figure of the
proportion of each category. This forced the study to analyse the dairy herd as a whole.
The short run of years of statistics of the dairy herd inventory in China is mainly due
to the short history of dairy production in China as discussed before. Within this
system female dairy calves are considered to be a scare resource and generally go

directly into future dairy production.

In this study, milk price and beef price are derived from the Chinese Agriculture
Products Input-Output Yearbook. Corn price is the wholesale price of number two

grade yellow corn, which also used by Rucker et al. (1984).

The choice of data from the Chinese Agriculture Products Input-Output Yearbook is
because it is the only farm-level yearbook which has good consistency. Milk price is
the price of milk sold from dairy farms for processing, and beef price is the price of

cattle sold liveweight.

13



7. Implication of the Estimation

Using Eviews 4.0, we estimated the inventory model of the development of the
Chinese dairy herd. The lags chosen for the three variables are based on estimations
of different mix of various lags for different variables. The variable which has one lag

is most appropriate and has statistical significance. The results are reported in Table 1.

Table 1. Model of the development of Chinese dairy herd number

Dependent Variable: CDHN
Method: Least Squares
Sample(adjusted): 1996 2005
Included observations: 10 after adjusting endpoints

Variable Coefficient  Std. Error t-Statistic Prob.

C -5066.570 2334.567 -2.170240 0.0730

CDHN(-1) 0.922643 0.159522 5.783809 0.0012

BP(-1) 672.3119  466.2107 1.442077 0.1994

RATIO(-1) 1569.724  455.9927 3.442433 0.0138
R-squared 0.986003 Mean dependent var 6718.200
Adjusted R-squared  0.979005 S.D. dependent var 2974 121
S.E. of regression  430.9429 Akaike info criterion 15.25900
Sum squared resid  1114271. Schwarz criterion 15.38004
Log likelihood -72.29501 F-statistic 140.8892
Durbin-Watson stat  1.759001 Prob(F-statistic) 0.000006

7.1. Beef price

From the above estimation, the lagged beef price is not a significant variable. Chavas
and Klemme (1986) argue that although slaughter price does not have much influence
on dairy supply for the first few years, its long-run impact on milk production is
negative, suggesting that meat and milk production are long-run substitutes on dairy
farms. If this argument applies to the Chinese dairy supply, it means beef output as an
opportunity cost of dairy production is low. At the present time, it would seem that a
positive relationship between beef price and dairy herd numbers, as in the results,

would seem reasonable at this early stage of development of dairy-beef production.

14



Since beef price is not a significant factor to the development of the dairy herd in
China, we adjusted the estimating equation and the results are reported in Table 2:

Table 2. Adjusted model of the development of Chinese dairy herd number

Dependent Variable: CDHN
Method: Least Squares
Sample(adjusted): 1996 2005
Included observations: 10 after adjusting endpoints

Variable Coefficient  Std. Error t-Statistic Prob.

C -1793.083 585.8824 -3.060483 0.0183

CDHN(-1) 1.129756  0.074589 15.14652 0.0000

RATIO(-1) 1286.489  442.1225 2.909803 0.0227
R-squared 0.981152 Mean dependent var 6718.200
Adjusted R-squared 0.975767 S.D. dependent var 2974121
S.E. of regression  462.9832 Akaike info criterion 15.35658
Sum squared resid  1500474. Schwarz criterion 15.44736
Log likelihood -73.78292 F-statistic 182.1947
Durbin-Watson stat  1.282747 Prob(F-statistic) 0.000001

7.2. Autocorrelation and cointegration test

In the adjusted model, all variables are significantly different from zero at the 5 per
cent level and the explanatory power as measured by the adjusted R-squared is still
high. However, we suspected that autocorrelation existed in the estimation because of
the nature of the time series data. As discussed by Greene (2003, p. 270), Judge et al.
(1988, p. 401), “with the presence of lagged dependent variables, the Durbin-Watson
test is not likely to be valid”. In these circumstances they recommended the Durbin’s
h test, LM test and Box-Pierce test as alternatives. As explained by Judge et al. (1988,
p- 402) “the power of Durbin’s h-test can be quite low and its finite sample properties
can often be quite different from its asymptotic properties. It should therefore be used
with caution, particularly in small samples”. Greene (2003) supports the use of LM
and Box-Pierce statistics because they do not share these shortcomings. The LM test
has become the standard method in applied research. Consequently, we performed the

LM test with 2 lags included, and the result is presented in Table 3:

15



Table 3. LM test

Breusch-Godfrey Serial Correlation LM Test:

F-statistic 5.579033 Probability 0.053266
Obs*R-squared 6.905570 Probability 0.031657

From the test result, there is correlation of the residuals, suggesting the presence of
autocorrelation. However, even in these circumstances, Schmitz (1997), in cattle
inventory estimation, argued that generally strong t-values would suggest that the
serial correlation has had a minimal impact on the results. Our results portray similar
characteristics and even in the presence of autocorrelation they seem defensible

especially when used in a predictive manner.

The authors also tried to develop an Error Correction Model (ECM) to reveal the short
to long term equilibrium relationship of the variables if there is a structural change.
However the Johansen test suggested cointegration does not exist between the ratio

and CDHN.

Table 4. Cointegration test

Hypothesized Trace 5 Percent 1 Percent
No. of CE(s)  Eigenvalue Statistic Critical Value Critical Value
None ** 0.965663 30.83915 15.41 20.04

At most 1 0.053559 0.495424 3.76 6.65

*(**) denotes rejection of the hypothesis at the 5%(1%) level
Trace test indicates 1 cointegrating equation(s) at both 5% and 1% levels

7.3. Biological process of the Chinese dairy herd

We are comfortable with the adjusted estimation of the development of the Chinese

dairy herd since it traced history well. It is appropriate to analyse the estimated

relationship more closely.

16



The coefficient of the lagged dependent variable is almost 1.13. This indicates a 13
per cent increase per year in the size of the dairy herd. Considering each year, the new
born calves enter the herd and there are losses and culled cows moving out the herd, it
is not difficult to understand the 13 per cent increase. Further explanation from Li
(2002) is: Given that cows number 60 per cent of the dairy herd, 70 per cent of the
cows produce a calf each year, the sex ratio 50 per cent, the survival rate of calves is
95 per cent, and the culling rate is 10 per cent, this gives us another estimate of the

expansion rate of the Chinese dairy herd:

0.6*0.7%0.5*0.95-0.6*%0.1=0.1395

This is close to the biological coefficient we obtained from the adjusted estimation. It
would be expected that in future, as farmers strive to improve the performance of their
livestock, the culling rate will increase and then the expansion of the Chinese dairy
herd will slow down. This expectation complies with the development of the dairy
herd in the developed countries that when average milk yields increase the number of

dairy cows increases more slowly and eventually decreases.

7. 4. The ratio of milk and corn price

The number of the dairy cows in China was positively related to the ratio of the milk
to corn price. A 10 per cent increase of the ratio would lead to an increase of almost
0.13 million head. This accounts for only 12 per cent of the increase in numbers from
2004 to 2005. This low elasticity might be explained by large adjustment cost in
Chinese dairy herd production. The cost of buildings, machinery and livestock make it
difficult for a dairy farm to enter or exit production. Also as described by Chavas and
Klemme (1986), the significance of the price ratio suggests that in making decisions
with respect to culling and other livestock issues, price expectations are formed on the

basis of previous observations.

The relationship of the price ratio to dairy cow numbers indicates that if the milk price
increases, farmers tend to increase retention, and a higher corn price, which is a proxy

for feed cost, will decrease the number of the dairy cows.
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8. Projection of the dairy herd number

The adjusted estimated model was used to simulate dairy cow numbers over time for
given values of the ratio of milk to corn price. Within-sample and out-of-sample
predictions for the development of the dairy herd are reported in Figure 2.

Figure 2. Predicted Chinese dairy herd development in thousand head
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The within-sample prediction shows that the model tracked history quite well. The
out-of-sample predictions are based on a particular level of the milk to corn price ratio.
In the projection, this was assumed to be stationary on three levels. In Figure 2,

CDCN is the actual value of the dairy herd number, Insample is the simulation within
sample and Max is a projection using the maximum value of the ratio between milk
price and corn price. This was highest in the year 2000. MEANI is a projection using
the mean of the milk price to corn ratio over the whole sample period and MEAN 2 is

an equivalent projection using the mean ratio over the period 1998 to 2005.
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Among the three predictions, probably the forecasted value under MEAN 2 would be
the closest to the expected size of Chinese dairy herd, since in the year 1996 and 1997,
milk powder was imported in large quantities into China, and consequently milk price
was unusually depressed. Under MEAN 2, the Chinese dairy herd will double in size
between 2005 and 2010 and reach 24 million. This predication is in line with the track
of the historical development of the Chinese dairy herd. From 1995 to 2005, the size
of the dairy herd increased four times, suggesting a doubling about every five years.
Projecting in the presence of autocorrelation, large confidence intervals are expected.
The confidence intervals of the three projected scenarios MEAN 1, MAX and MEAN

2 are presented as follows.

Figure 3. Confidence Interval under Scenario MEAN1
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Figure 4. Confidence Interval under Scenario MAX
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Figure 5. Confidence Interval under Scenario MEAN 2
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These confidence intervals are fairly wide by the time we reach the final year of the
projection. However, even under extreme circumstances the herd size would as a

minimum reach 16 million from the level of 12 million in 2005.

9. Conclusion and Suggestions

Both biological and economic factors driving dairy herd development in a relatively
new market economy are analysed. Biological analysis suggests that a low culling rate
and high retention rate exists in the Chinese dairy industry. The major economic
influence is the ratio of milk price to corn price. The weak effect that this ratio had on
explaining cow numbers indicates that farmers have positive expectations in the long
term towards the Chinese dairy industry and this also shows the high adjustment cost

in dairy production in China. Beef price as another important factor to dairy cow
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numbers in the U.S. has weak power in Chinese dairy production. All of the three
phenomena: high retention rate, minor response to the economic environment and
weak power of alternative product prices, suggests that the Chinese dairy industry is

still at an early stage of the development.

Due to the limited consistency and reliability of the statistical data, this study is
restricted to a short-time span of analysis and projection. Also, data limitations
prevent the examination of more interesting issues. However, as time proceeds, more
detailed and consistent Chinese statistics will be produced enabling researchers to
analyse a number of interesting topics such as the composition of the dairy herd and
the contribution of technology improvement in this industry with the dairy inventory
model developed in this paper. This would enable the examination of the efficiency of
technology promotion and consequently, make suggestions for a better system of
promoting the production technology, which the authors consider a more important

step in China than research to discover better technology itself.

It has been observed that the development of dairy production in developing countries
often follows a logistic curve, with break points as new technology is introduced. This
suggests that attempting to predict the timing of new technology in Chinese dairy

production would be useful.

Also, as an input into beef production, the portion of male calves from the dairy herd
is worthy of closer examination. However, once again it seems probable that new
technologies such as embryo transfer will enable more rapid animal improvement in

both beef and dairy industries, and this will impact on the expansion of cattle numbers.
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