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Abstract 

This paper investigates the impact of a higher import of cabbage after Thailand’s FTA with 

trade partners enacted. A system of cabbage demand, supply and harvested area equations are 

estimated using time-series data and GMM estimation. The results reveal that an increase in 

cabbage import quantity will significantly reduce the domestic price, harvested area, and 

supply as well as farmers’ welfare. Using the producer surplus as a welfare measurement, our 

calculation shows that Thai cabbage farmers as a whole will lose money of 56,359,884 Baht. 

In the short run, production subsidies might be needed to alleviate the harmful effects on the 

farmers. However, in the long run, in order to avoid economic inefficiency due to production 

subsidies, food safety standards for cabbage import should be established. In addition, 

government should encourage the farmers to adopt GAP which helps improve their yields as 

well as product quality and farm gate price, and reduce their production costs, so that they 

can compete with cabbage imports. 

 Keywords: Cabbage; International trade; Supply and demand analysis; Thailand 

JEL classification: C30, D60, Q17 
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1. Introduction 

Cabbage is one of the most popular vegetables in Thailand. According to the Office of 

Agricultural Economics’ data in 2017, the harvested area is 28,441 acre (approximately 5.1% 

of land use for vegetable plot) and the total production is 268,340 tons. Even though cabbage 

is not considered a major crop, it is still important because it is mainly cultivated in the North 

and Northeast of Thailand by poor highland ethnic-minority farmers. Presently, they are 

exposed to fluctuating output price and higher production costs caused by pest and diseases 

problems together with increasing prices of pesticide, fertilizer, and labor costs. 

Both government and non-government organizations attempt to increase highland 

cabbage farmers’ income and living standards through various in-kind support programs. These 

include encouraging them to develop their product quality and reduce their production costs by 

adopting Good Agricultural Practice (GAP), and creating marketing networks between farmer 

groups, agricultural cooperatives, and modern-trade stores. However, recently they, like most 

Thai agricultural sector, seemed to confront a new and more threatening challenge resulting 

from trade liberalization. 

After early harvest schemes of ASEAN-China Free Trade Area was signed on 2003, 

the tariff rates on fresh vegetable including cabbage must be reduced to 0% (Narintarakuli and 

Silarakii, 2005).  In addition, under ASEAN-China FTA, member countries are bound to 

facilitate trade with each other. Shorten custom procedure at neighbor borders across country, 

new road and port construction are examples of trade facilities. Since then cabbage imports has 

been seen all year round. As a result, cabbage import has sharply increased from 476 million 

tons in 2002 to 126,193 million tons in 2015, 77% and 23% of which were from China and 

Laos, respectively. Geographic advantages enable Chinese and Laos farmers to have lower 

costs and higher yields, so imported cabbage is much cheaper and could be a major threat to 

the Thai farmers. 

The main objective of this paper is to analyze the effects of imported cabbages on Thai 

cabbage production and the farmers’ welfare. Our strategy is to estimate a system of cabbage 

demand and supply equations and use it to investigate whether an increasing amount of 

imported cabbage will significantly affect price, production of domestic cabbage, and therefore 

the livelihoods of cabbage growers, many of whom are poor ethnic minorities. The estimation 

of demand and supply equation system allows for the numerical evaluation of the farmers’ 
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welfare-loss associated with the rising import using the producer surplus (Wong, 1978). As far 

as we know, there is no existing literature on the estimation of demand and supply of Thai 

cabbage as well as study on the impacts of import cabbage in the domestic production and 

farmers’ welfare. Therefore, our results are not only necessary for a good planning of domestic 

cabbage production, but also are needed to warrant further measures to alleviate the adverse 

impacts on the farmers.  

 

2. Methodology and Data 

This section begins with a description of our estimation strategy involving a system of 

cabbage supply, demand and harvested area. Estimation challenges and an appropriate 

estimation technique is discussed. Next, our data set and descriptive statistics on each variable 

are presented. 

2.1 Methodology 

Instead of reduced-form estimation in which each endogenous variable is simply 

regressed on all exogenous variables in each equation, we specify a structural equation system 

of cabbage demand, supply and harvested area. In our model, the casual relationships between 

endogenous and exogenous variables are exactly specified in each equation. Formally, 

  D
t 0 1 2 t 3 t 4 t tln P t ln Q ln M ln I εα α α α α= + + + + +     (1) 

  S
t 0 1 2 t tln Q t ln A εβ β β= + + +       (2) 

  A
t 0 1 2 t-1 3 t tln A t ln P ln F εγ γ γ γ= + + + +      (3) 

where  tP  and t-1P  are cabbage prices at time t  and t 1−  respectively 

 tQ  is domestic cabbage quantity in Thailand at t  

 tM  is imported cabbage at t  

 tI   is Thai GDP at t  
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 tA  is harvested cabbage area at t  

 tF   is chemical fertilizer price at t  

 D
tε

S
tε  and A

tε   are random disturbances at t  

 t  denote time variable 

0 1 2 3 4 0 1 2 0 1 2, , , , , , , , , ,α α α α α β β β γ γ γ  and 3γ  are parameters to be estimated 

All variables except time ( t ) are in natural logarithm, so all coefficients represent 

elasticities and provide useful information on how price, quantity and cultivated area of 

cabbage are sensitive to external shocks including a higher amount of cabbage import. Equation 

(1) can be viewed as the inverse demand equation. The domestic price depends on domestic 

quantity of cabbage, import quantity of cabbage, and Thai GDP. Domestic and import cabbage 

is considered substitutable product, so the coefficient 3α  is expected to be negative. Equation 

(2) represents supply of domestic cabbage depending on the cultivated area. Equation (3) shows 

the relationship between the harvested area and prices of cabbage and fertilizer i.e. the cost 

shifters. Notice that the harvested area depends on the lagged price of cabbage instead of the 

current price. Our underlying assumptions is that farmers make decision on how much area is 

to be cultivated before the current sale price reveals, so their decision is based on the price in 

the previous year. This specification is commonly known as the cobb-web style model 

mentioned in Tomek and Kaiser (2014). The equation system contains three endogenous 

variables; tP , tQ , and tA , and four exogenous variables; t-1P tM , tI , and tF . The rank 

conditions indicate that equation (1), (2) and (3) are identified. 

Two issues related to the nature of time-series data need to be considered. First, the 

problem of serially correlated disturbance terms might arise. Second, using time-series data 

might involve risks of spurious regression unless all variables are found stationary series. 

Therefore, first-order differencing is performed on demand, supply, and harvested area 

equations to avoid the spurious regression problem. Formally, 

  D
t 1 2 t 3 t 4 t tln P ln Q ln M ln I εα α α α∆ = + ∆ + ∆ + ∆ + ∆     (4) 
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  S
t 1 2 t tln Q ln A εβ β∆ = + ∆ + ∆        (5) 

  A
t 1 2 t-1 3 t tln A ln P ln F εγ γ γ∆ = + ∆ + ∆ + ∆      (6) 

where ∆  denotes the first-order difference operator. Notice that the presence of endogenous 

regressors including tlnQ∆  in equation (4) and tlnA∆  in equation (6), will create the problem 

of correlation between the explanatory variables and the error terms, called the endogeneity 

problem. The problem could result in inefficient as well as bias and inconsistent estimates. 

Hence, dependent variables on the right hand side, tlnQ∆  and tlnA∆ , are instrumented using 

all exogenous variables including tlnM∆ , tlnI∆ , t-1lnP∆  and tlnF∆  . Finally, the Sargan 

statistic is employed for a test of the validity of our specified instruments. 

2.2 Data 

 Yearly data on domestic quantity, price, and harvested area of cabbage as well as 

fertilizer price are acquired from Thailand’s Ministry of Agriculture. Data on import 

quantity of cabbage is obtained from the World Trade Atlas. Data on Thailand’s GDP is 

brought from the national account data. Our data set ranges from 1998 to 2015. Table 1 

shows the descriptive statistics of our data sample. 

Table 1: Descriptive statistics 

variable Mean S.D. Source 

tA (Rai1) 66,904 14,489 Office of Agricultural Economics 

tF (Baht per ton) 12,353 3,775 Office of Agricultural Economics 

tI (million Baht) 8,384,771 2,892,248 Office of National Economic and 

Social Development Council 

tM ( ton) 41,294 43,685 World Trade Atlas 

tP  (Baht per ton) 9,380 3,020 Office of Agricultural Economics 

tQ  (ton) 225,426 57,509 Office of Agricultural Economics 

Note: 1. Rai is a Thai unit of land area. One Rai is equivalent to 0.3952 acre. 
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Next, we perform the Phillips-Perron (PP) test on time series data of these variables, in 

both level and first-differenced form, to investigate whether each of them is stationary. 

According to Phillips and Perron (1988), The PP test has advantage over the popular Dickey-

Fuller (DF) test as it is robust to serial correlation using Newey-West covariance matrix 

estimators. The PP test results are shown in table 2. We find that some series in level are 

nonstationary including GDP ( tlnI ), cabbage import ( tlnM ), and cabbage price ( tln P ) at 10% 

significant level. However, after transformed to be in the first-order differenced form, all 

variables are found to be stationary at 10% statistical significant level. So, it validates our 

choices of using the first-order differenced variables in our estimation of equation (4), (5), and 

(6). 

Table 2: the Phillips-Perron (PP) test statistics 

variable Level First difference (∆ ) 

tlnA  -5.415*** -11.496*** 

tlnF  -2.841* -5.876*** 

tlnI  -1.121 -2.942** 

tlnM  -1.745 -2.750* 

tlnP  -1.601 -9.120*** 

tlnQ  -4.784*** -9.805*** 
Note: 1. The PP test is performed against the null hypothesis that a variable is nonstationary. 

          2. *, **, and *** denote statistical significant level at 10%, 5%, and 1%, respectively. 

 

3. Estimation Results 

 Whether a lot of cabbage quantity import to Thailand affects domestic cabbage price 

and production is investigated through the estimated system of equation (4), (5), (6). The GMM 

estimation approach with heteroskedasticity and autocorrelation consistent (HAC) weighting 

matrix is applied to deal with endogeneity and the remaining heteroskedasticity and 

autocorrelation problems1 (Newey and West, 1987).  

Table 3: GMM estimation results for equation (4), (5), and (6) 

                                                           
1 We also employed the 2SLS estimation but the Breusch-Pagan test statistic indicate the possibility of the 
autocorrelation problem in the error term of the supply equation. So, we estimated the system of equations using 
GMM with HAC weighting matrix instead. 
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Dependent Variable Independent 

 

Coefficient Standard 

 tlnP∆   constant -0.1822*** 0.0588 
(Inverse demand equation) tlnQ∆  -0.2091 0.1460 
 tln M∆  -0.0641* 0.0376 
 tln I∆  4.2304*** 1.1189 

tlnQ∆    constant 0.0151*** 0.0023 
(supply equation) tlnA∆  0.9295*** 0.0315 

tlnA∆    constant 0.0304*** 0.0099 
(harvested area equation) t-1lnP∆  0.1376** 0.5635 

 tlnF∆  -0.2493*** 0.0943 
Note:  1. *, **, *** statistically significant level at 0.10, 0.05 and 0.01, respectively. 

 2. Instrumental variables include tln M∆  tln I∆  t-1lnP∆  and tlnF∆ . 

Based on the Sargan test, the null hypothesis that the disturbance terms are uncorrelated 

with the RHS variables is accepted at the 1% significance level, so our set of instrumental 

variables is valid. The estimated elasticity of the inverse demand equation shows that an 1% 

increase of quantity cabbage results in 0.2091% decreases of cabbage price, but it is not 

statistically significant, meaning that cabbage is quite insensitive to price variation. We can 

infer the impact of import cabbage on domestic price from the estimation results. An 1 % 

increase in import cabbage will lower domestic cabbage price by 0.0641% and it is statistically 

significant. This estimate affirms that import cabbage is competing product with domestic 

cabbage. In addition, cabbage is superior goods because the income elasticity is 4.2304 and 

highly statistically significant. This implies that demand for cabbage is highly sensitive to 

change in economic conditions. 

Supply equation indicated that the amount of cabbage supply is positively correlated 

with the harvested area. An 1% increase in the harvested area will result in a 0.9295% in output 

supply. This estimate implies constant return to scale production technology. 

Consider the estimated harvested land area equation. The estimated coefficient on the 

lagged price is 0.1376 and statistically significant. So, an 1% increase in the previous-year 

cabbage price will induce farmers to expand their harvested land area by 0.1376%. This 

supports the backward-looking farmer hypothesis. One possible explanation is that plantation 

of cabbage take roughly of 120 days for harvested, so farmers to make decision on how much 

land area to be cultivated based on the previous-year price and before the actual sale price 

reveals. The harvested land area also depends on the chemical-fertilizer price. An 1% increase 
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in the chemical fertilizer price will lead to a 0.2493% decrease in harvested area because of 

higher production costs. 

Next, equilibrium of cabbage price and quantity was analyzed. Solving system of 

estimated equation of cabbage demand, supply and harvested area yields the reduced form 

equations as follows.  

t t-1 t t tlnP 0.1853 0.0267 ln P 0.0484 ln F 0.0641 ln M 4.2304 ln I∆ = − − ∆ + ∆ − ∆ + ∆  

D S A
t t t0.2091 0.1943e e e+ − −      (7) 

A S
t t-1 t t tlnQ 0.0433 0.1278 ln P 0.2317 ln F 0.9295e e∆ = + ∆ − ∆ + +   (8) 

 A
t t-1 t tlnA 0.0304 0.1376 ln P 0.2493 ln F e∆ = + ∆ − ∆ +     (9) 

From these reduced form equations, we can forecast the next-period changes in cabbage 

quantity and harvested area caused by an increase in import cabbage by 1% at time t  by taking 

derivative each equation with respect to tln M∆ . Formally, 

t

t

lnP 0.0267
ln M

∂∆
= −

∂∆
       (10) 

( )t 1 t

t t

lnQ lnP0.1278 0.0082
ln M ln M

+∂∆ ∂∆
= = −

∂∆ ∂∆
    (11) 

( )t 1 t

t t

lnA lnP0.1376 0.0088
ln M ln M

+∂∆ ∂∆
= = −

∂∆ ∂∆
    (12) 

Therefore, the solution of equation (11) and (12) indicates that a 1% increase of cabbage 

import causes a 0.0267% decreases of domestic cabbage price. Consequently, the price 

decrease will induce farmers to reduce their harvested area by 0.0088% in the next year, 

causing the supply quantity of cabbage to go down by 0.0082%. Even though these negative 

effects are small, they are all statistically significant. 
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Based on equation (2) and (3), the cabbage supply equation2 after antilogarithm can be 

written as 

  2 32 2Q BP Fβ γβ γ=        (13) 

where ( )0 2 0 1 2 1B exp tβ β γ β β γ= + + +   . This coefficient is unidentifiable since the 

parameter 0β  and 0γ  were dropped and not estimated when equation (2) and (3) were 

transformed to be (5) and (6). Following Lichtenberg and Zilberman (1986), we calibrate the 

coefficient B  using mean data of the relevant variables ( Q , P  and F ) in table 1, and the 

estimates in table 3. Then, we obtain the cabbage supply equation: 

  0.1278Q 69,978P=        (14) 

Since we know from equation (10) that an 1% increase of cabbage import causes a 

0.0267% decreases of domestic cabbage price. Using the mean of cabbage price as the initial 

price level, we can calculate a change in the producer surplus ( )PS∆  caused by an 1% increase 

of cabbage import quantity as follow: 

  
9,130 0.1278

9,380
PS 69,978 P P 56,359,884d∆ = = −∫  Baht   (16) 

The change in producer surplus associated with the price decrease is the sum of money 

which, when taken away from the farmers, leaves them as well off as if the price did not change, 

and thus a welfare measure for producers. The result reveals that domestic cabbage farmers 

will lose money of 56,359,884 Baht as a result of an 1% increase in cabbage import. 

 

4. Conclusion and Recommendation 

This paper investigates the impact of import competing cabbage on domestic cabbage 

price and quantity as well as the farmers’ welfare. An 1% increase in cabbage import will 

significantly reduce the domestic price by 0.0267%. As a result, the harvested area and the 

                                                           
2 The time subscript t is omitted because we will estimate producer surplus in the long-run equilibrium. 
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domestic production of cabbage will fall 0.0088% and 0.0082%, respectively. The farmers’ 

welfare losses associated with the price decrease is equivalent to 56,359,884 Baht. 

Since most cabbage farmers are poor ethnic minorities in highland area, production 

support programs might be needed to offset the farmers’ welfare losses. In the short run, direct 

payments, financial aids, or input price subsidies might be paid to the farmers to offset their 

losses caused by surge of competing imports after the FTA. However, these production 

subsidies are theoretically criticized for creating economic inefficiency.  

In the long run, measures other than subsidies should be considered. Safety standards 

of cabbage imports should be enforced as they are notorious for biological and chemical 

contamination (Bangkok Post, 2016). This measure is not only served as non-tariff barriers but 

also health-based consumer protection. More importantly, farmers’ competitiveness must be 

raised. In so doing, Government should encourage farmers to adopt GAP as Kramchote (2012) 

found that certified GAP cabbage farms had higher yields and farm gate prices, but lower 

production costs than the traditional farms because of effective input uses. Several incentives 

should be provided such as input supports and farmer education through the agricultural 

extension department as well as soft loans through the Bank of Agriculture and Agricultural 

Cooperatives (BAAC) to finance the costs of production adjustment.  
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