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INTRODUCTION

The agricultural economy of Myanmar has been
transforming into market oriented economic system
since the late 1980s.  According to the literature survey
by Rozelle and Swinnen (2004), in East Asia, economic
planning keeps agricultural produce prices artificially
low, while in Eastern Europe and Central Asia, it keeps
price artificially high.  Efficient and adaptable pricing
policy is likely to enhance the agricultural output.  It can
be more prominent in the countries like China and
Vietnam that the agricultural performance has been
most impressive under market oriented economic
system.  High growth in agricultural output and produc-
tivity partly accounted for the rapid reduction in rural
poverty of developing countries.  Even though Myanmar
was the world’s largest exporter of rice in the pre–World
War II period, the export of rice has been declining after
2001.  There have been several things to be considered
to secure higher productivity and surplus of rice for
export.  Among them, the availability of accessing incen-
tive price and the extent of agricultural inputs used
seem to be important in order to offset the decline in
both net farm returns and rice productivity.  Therefore,
the effect of rice price on net farm income attainment
should be considered 

Objectives of the study

To determine the seasonal index of rice price in
Myanmar in order for the farmers to obtain good returns

on rice production.
To clarify the demand schedule of rice 
To identify the factors affecting total rice produc-

tivity in Myanmar from 1987 to 2003.  

DESCRIPTION OF THE DATA

The monthly data of rice price was used in order to
determine the seasonal index of rice price for each
month.  This monthly data ranging from the January of
2001 to December of 2004 was obtained from the book,
namely “Selected Monthly Economics Indicators, pub-
lished by Central Statistical Organization, Yangon, Union
of Myanmar.  The fluctuation of monthly price from 2001
to 2004 can be observed by the figure 1a to 1d.

In order to have better understanding of major fac-
tors influencing total rice productivity throughout the
period from 1987 to 2003, the yearly data of fertilizer
utilization, cropping intensity in percentage, the amount
of loan distributed by Myanmar Agriculture and
Development Bank (MADB) and yield per unit area and
the total productivity of rice, which is used as a depen-
dent variable, were also acquired from the title of
“Agricultural Statistics”(1999), Statistical Year Book
(2001) and Myanmar Agriculture at a Glance, 2003, 2004
and 2005.  The trend of each variable is elucidated in
figure 2a and 2b.

METHODOLOGY 

The relationship between the seasonal price and

net farm returns on Rice production 

Figure (3) is constructed by using monthly data of
rice price from 2001 to 2004.  This data is subject to sys-
temic variation originating in “seasonal” factors– that is,
factors which recur with predictable regularity over
short period of time.  A seasonal factor may be
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On the determination of net farm returns on rice production, seasonal price seems to be an important
factor in Myanmar.  The achievement of high income is partially offset by low seasonal price.  Under the
same level of yield received from rice production, the farmers who can access the higher price obtained
more profit.  In the present rice production system, the total productivity is mainly being impacted by
increased cropping intensity and the yield per unit area.  Although the growth rate of yield seems to be
impressive in the moment, there has been much potential to obtain much more yield by using essential
agricultural inputs.  The effect of inputs used doesn’t show any evidence on total productivity of rice.
Especially, the utilization of chemical fertilizer and the effect of loans distribution are not likely to be
efficient to obtain higher productivity.  Since the analyses suggest that both the price elasticity of demand
and the income elasticity of demand are inelastic, it is reasonable to assume that rice is normal good in
Myanmar and thus demand is not very sensitive to income changes.  Moreover, the farmers would achieve
higher revenue if the price rises to some extent.
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Fig. 2a. The trend of influential variables moving from 1987 to 2003.

Fig. 2b. The amount of loan provided by MADB. 

Fig. 1a. Monthly price of rice for 2001. Fig. 1b. Monthly price of rice for 2002.

Fig. 1c. Monthly price of rice for 2003. Fig. 1d. Monthly price of rice for 2004.



described as a force acting persistently at regular time
interval of one year or less and causing systematic
changes in the variable being measured.  This figure
shows the historical knowledge of the past seasonal
factor in a particular time series.  This may be done sim-
ply because the knowledge is interesting itself, or
because the pattern may be expected to repeat itself (to
some degree) in the future.  Therefore, it may be of use
in forecasting future values of the time series.  

Demand schedule of rice for Myanmar

The ordinary least square estimating procedure was
used with price taken as the dependent variable, and
income and consumption taken as independent, where
consumption is defined as the product of average
consumption per capital and total population of respec-
tive year.  To the extent that the explanatory variables
are not in fact predetermined, the lease squares regres-
sion coefficients are biased estimates of the true
demand function coefficients.  The Income Elasticity of
Demand and the Price Elasticity of Demand are shown
in Table 1 for specific year of the period from 1997 to
2003.
Determination of the price elasticity of demand for

rice from 1997 to 2003.

Based upon the schedule of demand, the demand
function is determined.  If we assume linear demand
function, the functional relationship between price and
quantity is determined by using seven years data and
establishing the linear function.  

P＝f(x)＝–1392.89＋0.15 X
Where, P＝the price (kyat/kg)

X＝the amount of consumption in quantity (kg)
The elasticity of demand can be determined by making
the derivative of linear function.

＝0.15

Since P＝f(x) and X＝g(p) are inverse functions, we can
determine dx/dp by using the rule of determining deriva-
tives of inverse functions.
Thus                

＝ ＝ ＝6.67

The price elasticity of demand＝ *

＝6.67 * 104.02/ 9684.48
＝0.07

where, p＝the mean value of price
X＝the mean value of rice consumption 

Determination of income elasticity of demand for

rice from 1997 to 2003.

Income elasticity of demand is used to see how sen-
sitive the demand for a good is to an income change.
The higher the income elasticity, the more sensitive
demand for a good is to income change.  Very low
income elasticity suggests that the change in a con-
sumer’s income has little influence on demand.

In order to determine the income elasticity of
demand for rice, the demand function is assumed to be
linear and taking the amount of consumption as depen-
dent.   
we have 

Y＝β0＋β1X＋u1

Where    Y＝the amount of consumption in kilogram
X＝income per capital (kyat)

β0, β1 are parameters to be estimated;  
u1 is unobserved disturbance or error term.
The least squares estimates give

Y＝9379.07＋0.01X   
The elasticity of demand can be determined by making
the derivative of linear function.

＝0.01

the income elasticity of demand for rice＝ *
＝0.01 * 22187/ 9684.48
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Fig. 3. Seasonal index of rice price from 2001 to 2004.

Source: Central Statistical Organization, Yangon, Myanmar.
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Table 1. Rice price, per capital GDP and consumption of rice from 1997 to 2003

1997
1998
1999
2000
2001
2002
2003

Source: Central Statistical Organization

30.9032
47.65885
64.26439

50.1919
84.77244
176.1442
274.1936

1619
1650
1794
2000

19406
61045
67795

9001.6
9166.5

9531.22
9725.22
9921.16

10120.98
10324.68

0.002
0.002
0.002
0.002

0.02
0.06

0.071

0.07
0.03
0.04
0.03
0.05
0.12
0.18

rice 
price (Kyat/kg)

Year
per capita 

GDP (kyat)
consumption 
(million, kg)

income elasticity of 
demand

Price elasticity of 
demand

∂y

∂X
∂Y
∂X

X
Y



＝0.02
where,   X＝the mean value of per capital income in kyat

Y＝the mean value of consumption in kilogram

The factors affecting total rice productivity from

1987 to 2003 in Myanmar

The most important determinants of total rice pro-
ductivity, as suggested by most economic studies,
appear to be: cropping intensity, the amount of loans
distributed by MADB, the quantity of fertilizer utilization
and the yield per unit area.  The ARIMA (autoregressive
integrated moving average) estimation procedure is
used to estimate the productivity equation for rice.  The
analysis is based on economic theory and statistical
properties.
Productivity determinants, Cropping Intensity (%)

Cropping intensity is calculated by using the follow-
ing equation.

Cropping intensity＝gross area sown/ net area sown
* 100

According to economic theory, there exists a direct
relationship between the production area and total pro-
ductivity.  As the greater the production area, the pro-
ductivity is likely to be high.  Cropping intensity has
been mainly increased by mean of summer rice cul-
tivation during one growing season.
Productivity determinants, The amount of loan

According to economic theory, working capital plays
crucial role affecting total productivity.  Nearly all of the
farmers are allowed to borrow agricultural loan from
Myanma Agricultural and Development Bank (MADB).
The total amount of loan provided by MADB from 1987
to 2003 was used in this analysis to determine how much
amount of this variable contributed to Nation’s rice pro-
ductivity.  

In the model–building process, it is necessary to plot
the total rice production from 1987 to 2003 as shown in
Fig. 4 and look for any evidence that the mean or
variance is not stationary.  The series show global
upward trend, making it clear that the level of the series
is not stationary.  Some degree of differencing will be
necessary to stabilize the series level.  

Identifying Model

Table (2) shows that the entire Box–Ljung statistic
for the autocorrelation function (ACF) is statistically
significant at any lag.  This is not consistent with null
hypothesis that the population autocorrelation function
is 0.  In other word, the series level is not stationary
because both ACF (Autocorrelation function) and PACF
(partial autocorrelation function) is relatively far away
from zero in Fig. 5. and Fig. 6.  Thus, it indicates that
non–seasonal differencing is necessary.  After trans-
forming the series by mean of natural log, there is no
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Fig. 4. Total rice production from 1987 to 2003.

Fig. 5. Autocorrelation of total rice production in Myanmar.

Fig. 6. Partial autocorrelation of total rice production in Myanmar.

Table 2. Autocorrelation of total rice production

Lag
Autocorre-

lation
Std. Error

(a)

Box–Ljung Statistic

Value df Sig. (b)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

.807

.597

.393

.220

.059

.003
–.037
–.109
–.196
–.310
–.416
–.462
–.388
–.314
–.227

.223

.215

.208

.201

.193

.185

.176

.167

.157

.147

.136

.124

.111

.096

.079

13.136
20.799
24.365
25.573
25.666
25.667
25.710
26.140
27.688
32.131
41.428
55.187
67.369
77.993
86.349

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

.000

.000

.000

.000

.000

.000

.001

.001

.001

.000

.000

.000

.000

.000

.000

a –The underlying process assumed is independence (white
noise).

b –Based on the asymptotic chi–square approximation.



evidence that further non–seasonal differencing is
required.  The conclusion is that one order of non–sea-
sonal differencing is sufficient for stabilizing the series.
Now it is necessary to determine any autoregressive and
moving average orders to model the series.  According
to the characteristic ACF and PACF patterns produced
by non–seasonal process, it can be concluded that an
ARIMA (1,0,0) model may be most appropriate for this
series.  
Creating the Model 

We have determined that a candidate model is
ARIMA (1,0,0) which is an AR model of differencing
series.  Therefore, constant term will represent the
trend parameter.  The residual diagnostics of AR model
with parameter, total rice production and the parameter
estimate without having predictors are elucidated in

Table 3.  Moreover, the coefficient of Non–Seasonal Lags
(AR1) is significant at 1%level.
Model Diagnosis

Diagnosing an ARIMA model is a crucial part of the
model–building process and involves verifying that the
residuals are random.  The most direct evidence of ran-
dom residual is the absence of significant value of the
Box–Ljung Q statistic at lag of about one quarter of the
sample size.  Since the current sample size is 17, we
should analyze values in the region of the lag 4 statistic.  

Table 4 shows that none of the Box–Ljung value in
the vicinity of lag 4 is significant.  This confirms that the
residuals for the ARIMA (1,0,0) model are random,
which also means that no essential components have
been omitted from the model.  Furthermore, both ACF
and PACF are not significantly far away from zero in Fig.
7 and Fig. 8.

Adding predictors to the Model

It is necessary to determine that an ARIMA (1,0,0)
model does a good job of capturing the structure of the
time series; however, the model is based only on the
series itself and doesn’t incorporate information about
the possible predictors series included with the original
data set.  We need to build a better forecasting model by
total rice production as a dependent variable and treat-
ing variables, such as cropping intensity, the amount of
loan distributed by MADB, the quantity of fertilizer
utilization and the yield per unit area.  ARIMA treats
these predictors or independent variables much like
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Table 3. Residual diagnostics of AR model with the parameter,
total rice production

no. of residual

no. of parameter

Residual
d.f

Adjusted 
Residual Sum of
Squares

Residual Sum of 
Squares

Non–Seasonal Lags AR1
Constant

17

1

15

28234529.29

35356442.53

Residual Variance

Model
Std.
error

Log
likelihood

A.I.C
Alkaike’s Information
Criterion

B.I.C
Schwarz’s Bayesian
Criterion

1616575.11

1271.45

–145.87

295.74

297.41

Parameter estimate

Estimates Std Error t–value
Approx
Sig

.96
18011.35

.06
4045.66

15.58
4.45

.00

.00

Table 4. Autocorrelation of total rice production after
transforming the series by means of natural log

Lag
Autocorre-

lation
Std. Error

(a)

Box–Ljung Statistic

Value df Sig. (b)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

.232
–.085
–.084
.096

–.103
–.070
–.003
.011
.075
.144

–.030
–.365
–.134
–.043
–.001

.223

.215

.208

.201

.193

.185

.176

.167

.157

.147

.136

.124

.111

.096

.079

1.085
1.242
1.404
1.635
1.923
2.066
2.067
2.072
2.297
3.249
3.299

11.924
13.381
13.576
13.576

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15

.298

.538

.705

.803

.860

.913

.956

.979

.986

.975

.986

.452

.419

.482

.558

a– The underlying process assumed is independence (white
noise).

b– Based on the asymptotic chi–square approximation.

Fig. 7. Error for total rice production from ARIMA (autocorre-
lation function).

Fig. 8. Error for total rice production from ARIMA (Partial ACF).



predictor variables in regression analysis– it estimates
the coefficient for them that best fit the data.

RESULTS AND DISCUSSION

The relationship between the seasonal price and

net farm returns on Rice production 

Seasonal Index is measured by Ratio–to–Moving–
Average Method.  All index number are then stated rela-
tive to the average 100 index number.  From the figure it
is possible to quickly observe the period of time during
which the rice price level was moving up rapidly; for
example, from June through November the index gained
13.98 points.  This information could then be related to
the economic information of those periods to form a pic-
ture of the general economic situation existing at that
time.  For example, this period is likely to be coincident
with the period of monsoon rice cultivation.  Farmers
could make higher profit if they sell their products
during this period.  In order to have such kind of profit,
farmers must have the storage facilities and retaining
ability to store their products for at least 6 months
before they sell their products.  It can be seen that the
period of time from November through February during
which the rice price level was going down steadily from
the index number 108.95 to 94.68.  This is due to the
fact that the monsoon rice was harvested during this
period and the supply of rice is likely to be higher than
demand because most of the farmers need extra cash in
order to repay their loan before the interest makes them
heavy burden.  After that period, the price index
remained fairly stable but below the average during the
period from the February to June.  This reveals that the
output of summer rice cultivation is available during this
period.  As a result, the price of rice is steadily going
below the average price until the beginning of monsoon
rice cultivation.  After that period, the price index has
started to go up until the monsoon rice is harvested.  It
can be found that the price of summer rice is somewhat
lower than that of monsoon rice because of their specific
quality and consumer preference.  Since the income
variation is partially impacted by the seasonal fluctua-
tion of rice price, it would be interesting to know which
factors are mainly contributing to the fluctuation of rice
price.  In order to achieve this issue, it is necessary to
determine the demand schedule for Myanmar.  In other
words, the interrelationship among rice price, income
per capital and consumption of rice should be consid-
ered.

Demand schedule of rice for Myanmar

The price elasticity of demand is used to determine
whether total revenue will change when the prices are
raised or lowered.  Since the elasticity of demand (E) is
0＜ E＜ 1, it can be concluded that the demand is
inelastic.  In other words, there has been no association
between the changes in consumption and the changes in
price of rice throughout the period from 1997 to 2003.
Therefore, it can be said that there has been no changes
in the consumption of rice in Myanmar no matter how

much the price changes.  For inelastic demand, as price
increases, total revenue increases.  Therefore, the farm-
ers would achieve higher revenue if the price rises to
some extent.  

In our case, we calculated the income elasticity of
demand to be 0.02 so rice is income inelastic and a nor-
mal good and thus demand is not very sensitive to
income changes.  Therefore, it can be said that there
would be no changes in amount of consumption of rice
no matter how much income the consumers earn.  Since
both the price elasticity and income elasticity of demand
for rice are likely to be inelastic, it can be confirmed that
rice is likely to be a main staple food in Myanmar.

The factors affecting total rice productivity from

1987 to 2003 in Myanmar

The parameters estimate table (5) provides esti-
mates of the model parameters and associated signifi-
cant values, including AR order as well as any predic-
tors.  Notice that the parameter representing the non–
seasonal Auto regression component (label AR) is sig-
nificant.  This is expected, since we have already deter-
mined that it should be part of the model.  The variables
representing the quantity of fertilizer utilization and the
amount of loan distributed by MADB are not significant.
In fact, the only significant predictors are the percent-
age of cropping intensity and the yield per unit area.
Since AIC and BIC statistics of the model with predic-
tors seem to be much lower than that of the model with-
out having predictors, AR model having predictors is
found to be more efficient.
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Table 5. Residual diagnostic of AR model after adding inde-
pendent variables

no. of residual

no. of parameter

Residual
d.f

Adjusted
Residual Sum of
Squares

Residual Sum of
Squares

Non–Seasona
l Lags
Regression 
Coefficients

17

1

12

0.02

0.13

Residual Variance

Model
Std.
error

Log
likelihood

A.I.C
Alkaike’s Information
Criterion

B.I.C
Schwarz’s Bayesian
Criterion

0.001

0.03

34.83

–59.66

–55.49

Parameter estimate

Estimates
Std
Error t

Approx
Sig

1.00
5.88E–005
.005
–7.99E–007
.221

.00

.62

.02

.84

.01

.00

.00

.00

.00

.08

3269.10
.509
2.67
–.19
2.75

Melard’s algorithm was used for estimation.  Dependent variable:
total productivity (000, metric ton) 

AR1
Fertilizer
(000MT)
Cropping
intensity (%)
loan (million
kyat)
Yield (ton/ha)



According to the statistical data results, AR 1 model
is statistically significant at 1% level.  Unfortunately the
fertilizer utilization and the amount of loan distributed
by MADB are statistically insignificant.  This is due to
the facts that fertilizer usage from 1987 to 2003 is likely
to be fluctuated.  Although the amount of fertilizer uti-
lization trend is leading downward, the total rice
production is not significantly decreased and the trend
was going steadily.  As a result there is no relationship
between the amounts of fertilizer utilization and total
rice production.  The trend of loan distribution is steadi-
ly increased during this period.  But it can be seen that
the loan distribution variable is not statistically signifi-
cant on the contribution of total rice production because
the amount of loan per unit acre is not likely to be
enough to cover the optimum production cost.  If we
consider the significant variables such as cropping
intensity and the yield per unit acre, it can be found that
the trend of cropping intensity has been moving up dur-
ing this period.  This upward trend is mainly influenced
by the expansion of summer rice cultivation during one
growing season.  As a result, the total rice cultivation
acres per unit area are sharply increased which in turn
contributes the total rice productivity.  The coefficient
of cropping intensity has the value of 0.005, which can
be interpreted to mean that an increase of 1% in crop-
ping intensity will lead to a 5 metric ton increase in the
Nation’s rice productivity with the effect of all variables
held constant.  The t– ratio of 2.67 is significant at 5%
level of significance.  Therefore it can be concluded that
the Nation’s rice productivity is mainly impacted by the
cultivation of summer rice after harvesting monsoon rice
during one growing season.  Another important factor on
the determination of total rice productivity is yield per
unit acre.  The coefficient of this variable has the value
of 0.221, which can be interpreted to mean that holding
all other factors constant, an increase of 1ton per
hectare in yield will lead to 221 metric ton in Nation’s
rice productivity.  The t–ratio of 2.76 turns out to be sig-
nificant at 5%level of significance.  The significance of
this variable seems to have no surprise on the contri-
bution of Nation’s rice productivity because the trend of
yield per unit acre is steadily increased as the total pro-
ductivity increased.  In the conclusion, the combine
effect of high cropping intensity and high yield per unit
acre is likely to be impacted on the Nation’s rice produc-
tivity during the period from 1987 to 2003.

CONCLUSION AND RECOMMENDATION

This result of nationwide analysis of the period from
1997 to 2003 depicted that the rise in price would
increase the total revenue of farmers because the price
elasticity of demand for rice in Myanmar is inelastic.  At
the same time, the efficient and suitable pricing policy
should be applied in order for the consumers to access
the reasonable price for rice.  In addition to give con-
certed effort to increase productivity in term of cropping
intensity, the adaptable support program for the capa-
bility of accessing essential agricultural inputs should be
provided to increase the yield per unit area.  
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