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Examining the Effect of Corn Price Risk on Import Source
Diversification*

Dong Hee Suh**
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Abstract
This study examines how South Korea diversifies corn import sources with a fo-

cus on price and risk effects. A risk-augmented almost ideal demand system is 

employed to investigate the extent to which import demand system responds to 

a change in price levels and volatilities. The estimation results indicate that the 

total expenditure for corn imports is more likely to depend on diverse country 

sources rather than the US, and the import demand is flexible in adjusting the 

import demand in response to corn price changes. A substitutable relationship ex-

ists between US and Brazilian corn, which is likely to alleviate the potential pres-

sures of rising corn prices on the expenditure for corn imports. Furthermore, the 

estimation results highlight that the total risk from volatile corn prices induces 

a reduction in corn imported from the US but a rise from the rest of the world. 

The results are more attributable to the direct effect induced by a change in risk 

preferences rather than the indirect effect caused by a change in effective prices 

due to a change in price volatilities. 

* This paper is based on the presentation at the 2019 annual meetings of the Agricultural and Applied Economics Association 

and the Korean Agricultural Economics Association.

** Assistant Professor, Department of Food and Resource Economics, Korea University. e-mail: dhsuh@korea.ac.kr
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1. Introduction 

International corn prices have fluctuated over the past decades. According to the primary 

commodity prices of the International Monetary Fund (IMF), the average international corn 

prices have risen since 2000 and hit $317 per ton in June of 2008. The corn prices returned to 

$166 per ton in September of 2009, but they increased again with high volatilities, hitting the 

peak price of $367 per ton in July of 2012. High and volatile corn prices would be due to a 

variety of factors, including economic and climatic circumstances. For example, corn supply 

slowed down with low productivity growth due to adverse weather events, but corn demand 

increased with a significant rise in its usage for biofuel and livestock production (Abbott et al., 

2011; Brown and Funk, 2008; Cabas et al., 2010; Chen and Khanna, 2012; Condon et al., 2015; 

Hao et al., 2015; Khanna et al., 2008; McCalla, 2009; McPhail and Babcock, 2012; Tokgoz et 

al., 2008).

The domestic corn production in South Korea is negligible only with 15 thousand hectares. 

However, the corn consumption amounts to about 10 million tons, consisting of about 80% of 

corn for feed and about 20% of feed, seed, and industrial use (USDA-FAS, 2018, 2019). Due to 

small domestic production, South Korea has been dependent significantly on corn imports from 

foreign countries under high and volatile corn prices. According to the Food and Agriculture 

Organization (FAO), South Korea was ranked the third-largest corn importer in the world, with 

the large volume of annual corn imports varying between about 9 and 10 million tons for the 

period between 1996 and 2018. While corn was imported mainly from the US and China 

between 1992 and 2008, its high and volatile international corn prices diversified import 

sources. Although the dependence on US corn imports is considerable, import sources became 

diverse to include Brazil, Argentina, Russia, and Ukraine afterward (Lee et al., 2009; Kim et al., 

2016). 

High and volatile import prices of corn are of great concern, particularly to corn importers 
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and livestock producers in South Korea. High and volatile corn prices would affect corn 

importers’ behavior for risk management directly. When they were exposed to market risk from 

large fluctuations in supply and demand of corn, corn importers’ response to varying corn 

prices might induce to find more import sources in a search for the countries exporting corn at 

relatively low and stable corn prices. Moreover, high and volatile corn prices might be 

translated into livestock producers’ feed costs. Since corn was used mainly for livestock 

feedstock in South Korea, high corn prices would induce livestock producers to turn to corn 

imported from different sources, or even replace corn with alternative feed grains to reduce the 

pressures on feed costs (Suh and Moss, 2016, 2017). The price effects might affect food 

security, ultimately associated with livestock supply and prices in the future. 

Against high and volatile corn prices, many corn importers in South Korea have diversified 

corn import sources to reduce their price risk. While individual corn importers have their 

strategies for source diversification, policymakers are not knowledgeable about the aggregate 

response to high and volatile corn prices. When it comes to policymaking at the national level, it 

is crucial to examine the import allocation system for corn to understand its responsiveness to 

price levels and volatilities. As the literature has paid no attention to the question of how South 

Korea reallocates corn import sources in response to a change in corn price levels and 

volatilities, this study fills the gap in the literature with a focus on two aspects. First, this study 

examines the price-induced source diversification for corn imports to understand the extent to 

which corn import demand varies with a change in corn prices. The results contribute to 

identifying the substitutable or complementary relationships among import sources. Second, 

this study decomposes the effect of price risk on corn import demand. According to Zhang 

(2015), the total effect of price risk is discomposed of direct and indirect effects; the direct 

effect is associated with a change in risk preferences, and the indirect effect is related to a 

change in effective prices caused by price volatilities. The decomposition results contribute to 

identifying the direct and indirect effects explicitly, which determines how South Korea 

respond to varying corn prices.
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2. Risk-Augmented Almost Ideal Demand System

  Modeling an import demand system has been developed to conduct a comprehensive 

analysis of the import decision-making procedure. A representative model is the Almost Ideal 

Demand System (AIDS) of Deaton and Muellbauer (1980), which has been extensively applied 

to analyze the import allocation decisions for diverse import sources. While the AIDS was 

useful to examine the source-differentiated demand analyses among separable import sources 

(Yang and Koo, 1994), a recent study conducted by Zhang (2015) incorporated price risk into 

the AIDS based on the approach of Pollak and Wales (1981). This study suggested a better 

import demand system to understand import allocation decisions in response to a change in 

price levels and volatilities.

Following Zhang’s approach (2015), we assume that a country imports � source-differentiated 

commodities,   ⋯ , given  commodities’ prices,   ⋯ , and their 

corresponding volatilities   ⋯ . Given that the total expenditure for  import sources 

is ,   ⋯  is defined for the expenditure shares of source-differentiated commodities. 

For time   ⋯, the risk-augmented AIDS is written

     ln   
  



 ln   
  



 ln                                                                 (1)

in which ,  ,  , and  are parameters, and  is the error term that is distributed normally. In 

Equation (1),  is the modified real expenditure at time  defined as   


where

ln  
  



 ln   
  



 ln                                                                                           (2)

which is the modified Stone index incorporating risk factors into the general Stone index.

The risk-augmented AIDS represents how the import demand for commodity  responds to a 

change in the total real expenditure, import prices, and price volatilities. In Equation (1), 
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measures the effect of total expenditure on the import share of commodity  , which is expected 

to be positive for all  . While  measures the effect of the import price of commodity  on the 

import share of commodity  , its sign will be negative if    and positive(negative) if  and 

are substitutes (complements). In addition,  measures the volatility effect of commodity ’s 

price on the import share of commodity  . The parameters in Equation (1) are assumed to obey 

the regularity conditions for adding-up (
  



  , 
  



  , 
  



  , and 
  



  ), 

homogeneity (
  



  ), symmetry (  ), and negative semi-definite  matrix for 

concavity. 

While the    reflects the total effect of price risk, it is decomposed into direct and indirect 

effects. According to Zhang (2015), the risk-augmented AIDS is also expressed as

     ln   
  



 ln   
  



    ln                                                  (3)

where the total effect () is the sum of the direct ( ) and indirect () effects; the 

parameter  is assumed to be the positive elasticity associated with the extent to which price 

volatility reduces import volume. The direct effect is determined by risk preferences, but the 

indirect effect is determined by a change in effective prices relevant to volatilities. The 

decomposition may induce an inconclusive total effect due to the undetermined directions of 

the direct and indirect effects. A negative price parameter (  ) induces a negative indirect 

effect, but the sign of the total effect is dependent on that of the direct effect. While a negative 

direct effect guarantees a negative total effect, a positive direct effect may offset the negative 

indirect effect. That is, the relative magnitudes of the direct and indirect effects determine the 

sign of the total effect. For a positive price parameter (  ), the sign of the total effect is also 

undetermined due to the countervailing powers of the direct and indirect effects. A positive 

direct effect guarantees a positive total effect, but a negative direct effect may offset the positive 

indirect effect, resulting in an inconclusive total effect. 

The empirical decomposition can identify clearly which effect is more contributable to the 
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resulting total effect in terms of elasticities. That is, we can use the estimates of the 

risk-augmented AIDS to obtain the demand elasticities with respect to total import expenditure, 

import prices, and price volatilities. From Equations (1) and (3), we obtain

     


                                                                                                                         (4a)

    


  

 
                                                                                                        (4b)

   


  


 


                                                                                                     (4c)

where   is the average expenditure share of commodity  , and  is the Kronecker delta. 

Equation (4a) represents the elasticity of the th import demand concerning the total 

expenditure, and Equation (4b) indicates the elasticity of the th import demand with respect to 

the import price of  th commodity. Besides, Equation (4c) measures the elasticity of the th 

import demand with respect to the volatility (risk) of  th import price, which is decomposed 

into the direct and indirect elasticities.

3. Empirical Results

3.1. Data and Estimation Procedure

South Korea imports, on average, about nine million tons of corn from diverse country 

sources; the import sources include mainly the US, Brazil, Argentina, Russia, and Ukraine. 

(Figure 1). While corn importers make contracts to import about nine million tons of  feed and 

processing corn on arrival basis (USDA-FAS, 2019), the Trade Statistics of the Korea Customs 
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Service reports monthly data for corn imports from diverse country sources. This study converts 

monthly data to quarterly data due to irregular corn imports from diverse country sources. The 

data include the quarterly quantities and prices of corn imported from the US, Brazil, and the 

rest of the world (ROW). Due to the limited availability of data, the empirical analysis also 

covers the period between the third quarter of 2006 and the second quarter of 2018. 

Figure 1. Corn Import Volumes by Source Country(Million tons)

Source: Trade Statistics, Korea Customs Service

In Table 1, import quantities are in thousand tons, and import prices in dollars per ton. The 

price is calculated by dividing import value by import quantity, which reflects the price of corn 

delivered at the territory. The price (i.e., the CIF price) includes cost, insurance, and freight 

charges. While the average total corn import is, on average, 2.2 million tons per quarter with 

variation in import prices between about 256 and 276 dollars per ton, the share of corn imported 

from the US is the biggest, accounting for about 56% among the selected import sources. While 

the share of corn imported from Brazil is the second biggest source (16%), that from the rest of 

the world accounts for about 28%.
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Table 1. Quarterly Corn Imports by Source, 2006-2018

　 Mean Std. dev. Min. Max.

Quantity (1000 tons) 　 　 　

US 1,232.39 673.468 5.780 2,549.04

Brazil 368.871 483.610 0.048 1,864.10

ROW 639.285 441.975 6.624 1,668.09

Price($/ton) 　 　 　

US 276.422 114.013 143.678 784.409

Brazil 256.750 68.990 153.833 439.731

ROW 255.687 58.902 157.708 369.701

Import Share 　 　 　

US 0.560 0.298 0.007 0.991

Brazil 0.158 0.195 0.001 0.699

ROW 0.282 0.190 0.004 0.841

Source: Trade Statistics, Korea Customs Service.

Given the quarterly data, a two-step estimation procedure is used. In the first step, the 

generalized autoregressive conditional heteroskedasticity (GARCH) model is employed to 

obtain the conditional variance used for price risk (Bollerslev, 1986; Taylor, 1986). Based on 

the GARCH(1,1), the conditional variance ( ) at time  is denoted by

ln      ln                                                                                                         (5)

           
                                                                                                    (6)

where  and  are parameters to be estimated. The predicted conditional variance of each 

import price is used as the proxy variable for import price risk (Figure 2).
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Figure 2. Predicted Conditional Variance of GARCH Model

In the second step, the predicted conditional variance is inserted to the risk-augmented AIDS 

specified in Equation (3). Due to the nonlinearity, the system is estimated using the nonlinear 

seemingly unrelated regression (NLSUR) method. In this step, the risk-augmented AIDS is 

estimated with homogeneity and symmetry imposed, and the bootstrapping method is 

employed to obtain the theoretically valid estimates. That is, while the bootstrapping method is 

beneficial for a small sample size (Cameron and Trivedi, 2005), it ensures the sound import 

demand system satisfying its concavity (Terrell, 1996; Wolff et al., 2010). If all eigenvalues of 

the price parameter matrix are non-positive, we retain the estimates and continue the same 

procedure with 1,000 replications. Their mean and standard errors are reported in Table 2. 

Table 2. Estimation Results

Parameters Estimates

 3.479***
(0.815)

 -0.195
(0.674)


-0.384***

(0.069)

 0.103*
(0.060)

 -0.645***
(0.114)


0.535***
(0.087)
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(Continued)

Parameters Estimates

 -0.579***
(0.128)

 -0.159*
(0.096)

 -0.179
(0.160)

 -0.105***
(0.033)

 -0.024
(0.077)

 0.237*
(0.139)

 0.026
(0.030)

 0.004
(0.110)

 0.051
(0.102)

 0.170
(0.152)

Note: Bootstrapped standard errors are in parentheses.*** Denotes statistical significance at 

1% level.** Denotes statistical significance at 5% level.* Denotes statistical significance 

at 10% level.

3.2. Import Substitution and Risk

The elasticities of import demand are obtained concerning expenditure, price, and volatility 

at the sample mean from Equations (4a) through (4c). In the bootstrapping procedure, we 

calculate the elasticities once estimates obey regularity conditions. We then retain all the 

elasticities during 1,000 replications and calculate their mean values and standard errors. Table 

3 presents the bootstrapped estimates and standard errors for the elasticities of import demand. 

In the second column of Table 3, the estimated expenditure elasticities of import demand are all 

positive and statistically significant. The expenditure elasticity of import demand for US corn 

(0.31) is the most inelastic, showing that the total expenditure for corn imports is more likely to 

depend on diverse country sources rather than the US. While the import share of US corn is the 
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largest, its change is not very sensitive to a change in the total expenditure for corn imports. On 

the other hand, the demand for corn imported from Brazil (1.67) and ROW (1.97) are very 

elastic, although their  import shares are relatively small. The results imply that corn importers 

tend to turn to countries other than the US when it increases the total expenditure for corn 

imports. The corn imports were dependent heavily on the US in the past, but the results are 

consistent with the recent importing trends with more diversified sources. 

The estimated price elasticities of import demand are also presented in the third through the 

fifth columns of Table 3. The estimated own-price elasticities of import demand (i.e., diagonal 

elements) are negative and statistically significant, and their absolute values are greater than 1. 

The results show that the corn import demand for US (-1.78), Brazil (-4.81), and ROW (-1.81) 

are elastic concerning their own-price changes. While corn importers are highly dependent on 

corn imported from the US, import demand is the most responsive to a change in Brazilian corn 

prices. The results reveal that corn importers are very flexible in adjusting corn import demand 

in response to an import price change. In addition, the estimated cross-price elasticities of 

import demand (i.e., off-diagonal elements) represent a substitutable relationship between US 

and Brazilian corn. With a focus on the response of corn import demand to US corn prices, a 1% 

increase in the import price of US corn raises the demand for Brazilian corn by 3.06%. While 

the increased import price of Brazilian corn also raises the import demand for US corn (1.07), 

the import demand for Brazilian corn is more responsive to a change in US corn prices than the 

reverse. In addition, an asymmetric response exists when ROW corn prices change. The import 

demand for US corn increases in response to a rise in ROW corn prices (0.40), but the reverse 

does not. The results reveal that corn importers are responsive to a rise in US corn prices, 

replacing US corn with Brazilian corn, but it turns to US corn when it faces a rise in Brazilian 

and ROW corn prices. While most corn imports are delivered from the US and Brazil, corn 

importers are more likely to rely on the substitution between the US and Brazil rather than other 

country sources against high corn price levels.
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Table 3. Elasticities of Import Demand for Corn

　　
Expenditure
Elasticities

Price Elasticities Volatility Elasticities

US Brazil ROW US Brazil ROW

US
0.307**

(0.125)
-1.778***

(0.238)
1.073***

(0.155)
0.399***

(0.153)
-0.292***

(0.099)
-0.272
(0.289)

-0.159***

(0.047)

Brazil
1.663***

(0.383)
3.061***

(0.669)
-4.812***

(0.811)
0.088

(0.645)
-0.143
(0.314)

1.318
(0.832)

0.204
(0.139)

ROW　
1.971***

(0.192)
-0.159
(0.356)

-0.001
(0.342)

-1.812***

(0.364)
0.637***

(0.145)
(0.189
(0.426)

0.196***

(0.072)

Note: Bootstrapped standard errors are in parentheses.*** Denotes statistical significance at 

1% level.** Denotes statistical significance at 5% level.* Denotes statistical significance 

at 10% level.

More interesting results in Table 3 are in the volatility elasticities of the import demand for 

corn presented in the sixth through the eighth columns. The diagonal and off-diagonal elements 

indicate the elasticities with respect to own- and cross volatilities. Unlike the own-price 

elasticities, the response of corn import demand to its own volatility is not always negative. It 

shows that a rise in the volatility of US corn price reduces its own import demand (-0.29), but 

that of ROW corn price raises its own import demand (0.20). Furthermore, the increased 

volatility of US corn prices induces corn importers to raise the import demand for ROW corn 

(0.64), while that of ROW corn prices induces a reduction in the import demand for US corn 

(-0.16). The results show that a rise in the price volatility leads corn importers to diversify 

further corn import sources by directing from US corn to ROW corn. While corn importers 

depend heavily on the imports from the US, they tend to seek more diverse source countries 

rather than the US, which reduces the imports from the US but raises those from other countries 

against highly volatile corn prices.

For understanding how price volatilities induce the reallocation of corn imports, the total 

effect of price volatility is decomposed into the direct and indirect effects. As in Table 4, the 

decomposition explains the behavior of reallocating corn import sources. The direct effect 

measures the extent to which risk preference influences corn demand directly. In contrast, the 

indirect effect measures the extent to which the price volatility itself affects corn import demand 
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indirectly through a change in the effective price (Zhang, 2015). Interestingly, the results 

indicate that the total effect is more attributable to the direct effect rather than the indirect effect. 

The decomposition results show that corn importers diversify country sources in response to 

price volatilities mainly due to their preferences for ROW corn (i.e., direct effect). Specifically, 

due to the risk preferences, corn importers are more likely to reduce the demand for US corn 

(-0.29) but raise that for ROW corn (0.63) in response to high volatile US corn prices. The risk 

preferences also induce to reduce US corn (-0.19) but raise ROW corn (0.28) against high 

volatile ROW corn prices. The results imply that corn importers are inclined to increase ROW 

corn to reduce import price risk facing high volatile US and ROW corn prices. 

Table 4. Decomposition of Volatility Elasticities

　　
Total Effects Direct Effects Indirect Effects

US Brazil ROW US Brazil ROW US Brazil ROW

US
-0.292***

(0.099)
-0.272
(0.289)

-0.159***

(0.047)
-0.286*

(0.172)
-0.323
(0.289)

-0.190***

(0.060)
-0.005
(0.129)

0.050
(0.101)

0.031
(0.046)

Brazil
-0.143
(0.314)

1.318
(0.832)

0.204
(0.139)

-0.153
(0.494)

1.521*

(0.891)
0.164

(0.191)
0.009

(0.378)
-0.202
(0.388)

0.04
(0.147)

ROW
　

0.637***

(0.145)
-0.189
(0.426)

0.196***

(0.072)
0.631***

(0.160)
-0.202
(0.432)

0.276**

(0.121)
0.005

(0.053)
0.013

(0.042)
-0.081
(0.112)

Note: Bootstrapped standard errors are in parentheses.*** Denotes statistical significance at 

1% level.** Denotes statistical significance at 5% level.* Denotes statistical significance 

at 10% level.

However, corn importers are not responsive to a change in the effective prices induced by 

price volatilities (i.e., indirect effect). Rather than reallocating import sources in response to a 

change in the effective prices, they are more likely to reallocate them due to its risk preference 

for ROW corn. In effect, corn importers’ risk preferences are a main driver of adjusting corn 

import allocation in response to price volatilities, which reflects the precautionary behavior 

against price risk determines the import allocation in the future. Given the high dependence on 

US corn, corn importers seek for more diverse import sources to prepare for potential price risk 

in the future, which results in source diversification to ROW corn away from US corn. Corn 

importers respond to price changes through reallocation mainly between the US and Brazil, but 
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they respond to volatility changes through reallocation from the US to ROW with precautionary 

purposes. 

4. Conclusions

South Korea has a long history of importing corn from foreign countries with a significant 

dependence on US corn. However, due to high and volatile international corn prices, the source 

diversification for corn imports becomes necessary to reduce the exposures of corn importers to 

fluctuating corn prices. Accordingly, this study examines South Korea’s risk-augmented import 

demand system to understand how the levels and volatilities of corn import prices are associated 

with the import demand for corn. The contribution of this study is 1) to identify the substitutable 

relationships among import sources against varying price levels and 2) to identify the driving 

factors determining the diversification strategies against price volatilities.

With the rigorous estimation of the risk-augmented model, the estimation results provide 

critical information about source diversification behavior. While South Korea is flexible to 

adjust corn import demand in response to a change in the US, Brazilian and ROW corn prices, it 

substitutes Brazilian corn for US corn facing high US corn prices, or vice versa. Given the high 

dependence on US corn, the findings imply that Brazilian corn is a primary source to reduce 

potential pressures on the expenditure for corn in response to increasing US corn prices. 

Moreover, South Korea is responsive to price volatilities, showing that high volatile US and 

ROW corn prices induce to reduce corn imports from the US but raise them from ROW. The 

results are more attributable to risk preferences (direct effect) rather than the effective price 

changes associated with price volatilities (indirect effect). The results are relevant to the 

precautionary demand for ROW corn, which increases the degree of import source 

diversification. The results reveal that an increase in import prices makes corn importers  
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reallocate their imports, mainly between the US and Brazil. However, an increase in price 

volatilities induces them to seek other import sources in the rest of the world due to 

precautionary behavior.

The findings are informative to policymakers concerned about the impact of price risk on 

trade flows. While the price-induced source diversification occurs between US and Brazilian 

corn, South Korea needs to secure more diverse sources for corn imports to respond to price 

risk. Policymakers may help corn importers find more import sources to reduce further the 

pressures on expenditure for corn if there is an unexpected rise in US and Brazilian corn prices. 

Moreover, the volatility-induced source diversification should be associated with reactions to a 

change in the effective prices as well as a change in risk preferences because adjusting corn 

imports properly to volatile corn prices is also essential along with the precautionary corn 

demand. Policymakers need to provide corn importers with price outlook information

effectively to help them react appropriately to a change in the effective prices induced by price 

volatilities. 

Admittedly, there are limitations to this study. First, the findings may not reflect the trading 

activities of all individual corn importers because the analysis in this study is conducted for the 

import allocation decisions at the national level with quarterly data. A better dataset covering 

daily or weekly trading activities of all individual corn importers may provide more robust 

results about corn import allocations. Second, the analysis does not consider exchange rates, 

freight costs, and the time lags between contract and delivery dates. A future study may conduct 

a dynamic analysis for the import demand system to reflect exchange rates and freight costs 

separately from import prices. Lastly, this study does not consider the linkage between corn 

imports and livestock production. Promising new research may focus on the transmission of 

corn price risk into livestock producers’ feedstock allocation or livestock production and prices.
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variation are explored: 1) increasing the variance of error terms of either supply 

or demand equations causes higher variance in simulated price and quantity, and 
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1. Introduction

A structural economic model for agricultural projections based on point estimates cannot 

capture enough potential outcomes in many cases (Westhoff et al. 2006). A point estimate is an 

approximate value of random samples. In the structural economic model, point estimates can be 

the mean of the residuals. The deterministic simulation generates output data from a single 

observation, such as the mean of the residuals in each period. Hence, these inputs generate a 

single value for each endogenous variable in each period and do not illustrate any ranges of 

outcomes based on key sources of uncertainty. In contrast, stochastic simulation can be used for 

applied market projections, generating ranges of endogenous variables based on ranges of 

exogenous variables. Subsequent simulations using the same ranges of exogenous variables and 

different policy assumptions estimate how the policy change affects producers, consumers, and 

taxpayers over a range of market contexts. The question of how best to make stochastic 

simulation output match historical data, especially variable variation, has not been carefully 

considered in the literature focused on stochastic partial equilibrium models of agricultural 

commodity and related markets. 

Our study uses a stochastic equilibrium model to investigate the use of error terms and price 

elasticities in improving the match between simulated and historical market volatility. The 

Korean rice market is chosen for our experiment. Figure 1 suggests that Korean rice price 

volatility has increased (5% in early 2000 to 10% in early 2010), while the volatility of Korean 

rice production has slightly decreased over time (10% in early 2000 to 5% in early 2010). When 

we only consider the magnitude of volatility, price volatility is more substantial than production 

volatility. These volatility patterns should be reflected in the stochastic outcome. The structural 

model consists of behavioral equations representing the supply, demand, and other decisions, as 

well as identities. One crucial fact is that imports are primarily constrained by import policy, so 

trade quantity changes might not be a source of domestic market volatility. Another relevant 
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aspect of this specific case is the timing of supply decisions: area planted to rice is the key 

supply decision, but the decision is made before the start of the marketing year. Given the delay 

between planting during the previous marketing year and production at the start of the current 

marketing year, the elasticity of supply cannot be adjusted to affect the price volatility within a 

year. Instead, the price volatility within a year will depend on shocks to production, on-demand 

shocks, and demand elasticity. Hence, changing supply elasticity in the harvested area equation 

might not be reasonable to reflect the historical volatility pattern. 

Figure 1. Variability patterns in the Korean rice price and production (% change).

This structural model is used in this study to emphasize the role of the error terms and price 

elasticities when we estimate future market volatilities concerning historical data. Two methods 

to match historical variation are explored: 1) changing the variance of error terms of either 

supply or demand equations causes like change in the simulated price and quantity variances, 

and 2) changing demand elasticity has opposite effects on price and quantity variation. The 

Korean rice market model used for this stochastic simulation process tests these ideas. 

Elasticities of demand and supply are from the Korean Agricultural Simulation Model by the 

Korean Rural Economic Institute (Han et al. 2015). They estimate and calibrate, if necessary, 

elasticities to make agricultural projections. There are at least two advantages of using this 

model. First, this model is maintained and used by the Korea Rural Economic Institute (KREI) 

for policy analysis to inform decision making (Han et al. 2015). Second, the outcome of this 
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exercise shows how an existing model can be improved by applying criteria relating to 

variability, in which stochastic variations are reflected in historical variations, as well as levels 

of variables. A Monte Carlo process is used to generate 500 stochastic outcomes of Korean rice 

price and production. We use the two supply and demand errors and the demand elasticity to 

force stochastic output variation to match the variation in historical data. Finally, we provide a 

range of simulated Aggregate Measurement of Support (AMS) as a key indicator to assess the 

implications of the exercise.

The article is structured as follows. The next section introduces the empirical framework. In 

the third section, the data and the calibration method are presented. The resulting volatility of 

key endogenous variables from the stochastic projection process is reported in the fourth 

section. The last section summarizes and discusses our findings.  

2. Background of a stochastic analysis

Stochastic analysis can be based on Monte Carlo methods (Westhoff et al. 2006) in that 

random draws on selected exogenous variables of a structural economic model generate many 

outcomes for the endogenous variables. For instance, applied analysis of agricultural and 

related markets and policies generates many hundred stochastic outcomes from random draws 

from empirical distributions of input variables so that results can represent price, yield, and 

quantity variation, as well as ranges of taxpayer costs, farm income, or other indicators 

(FAPRI-MU 2011; OECD-FAO 2017). Stochastic models have been used in various 

commodity markets (Thompson et al. 2010; Chavez and Wailes 2011; Fadiga et al. 2008; Soon 

et al. 2019; Westhoff and Gerlt 2013). These articles use structural economic models and 

random draws on a subset of the exogenous variables to introduce uncertainty, broadening the 

relevance of their analysis, and showing how policies perform in a variety of contexts. An 
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alternative approach, based on Gaussian quadrature, has also been used to test model sensitivity 

to assumptions, but this method might be best applied in instances where the model response 

tends to be smooth (Arndt, 1996; Preckel et al., 2011; Stepanyan et al., 2019). In contrast, many 

of the studies of policies sited here focus on the implications of policies that are market 

sensitive, such as subsidies that are triggered when the market price crosses some trigger level 

or an import quota. Such policies are suspected of causing sharp changes in market response to 

shocks at these triggers or quotas.

Stochastic partial equilibrium model simulation is used to analyze policy impacts in many 

applications. Babcock (2012) examines the market impacts of changes in the U.S. biofuels 

policy. The author uses means and volatilities of exogenous variables, specifically gasoline and 

diesel prices and crop yields, to generate stochastic outcomes for U.S. maize and ethanol 

markets. Westhoff et al. (2006) and Glauber and Westhoff (2015) estimate the U.S. Aggregate 

Measurement of Support (AMS) using a stochastic partial equilibrium model. Selected 

exogenous variables for supply and demand are varied and the results estimate a range of U.S. 

AMS. Authors find that the estimated U.S. AMS using deterministic analysis is lower than the 

average AMS generated using stochastic analysis. Soon et al. (2019) estimate the impact of 

possible rice import if the over-quota tariff rate is reduced using the stochastic partial 

equilibrium model. In consideration of the three cases, these articles use stochastic partial 

equilibrium analysis to estimate not only the level of expected outcomes but also the variability 

of outcomes. However, this use of the model is best supported if estimated variability reflects 

reality.  

Ideally, the stochastic output should reflect historical data in terms of variable levels and 

variation. The question of how best to make stochastic simulation output match historical data, 

especially variable variation, has not been carefully considered in the literature focused on 

stochastic partial equilibrium models of agricultural commodity and related markets. For 

example, increasing or decreasing variation in the exogenous data, such as equation errors, 

leads to an increase or decrease in variations of both the stochastic price and quantity. If 
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stochastic output variation for price and production both are either lower or higher than 

historical variation, increasing or decreasing the absolute magnitude of the equation errors can 

help to fit historical variation. However, if the comparison to historical variation is mixed, with 

simulated output for one variable more volatile than historical data and the other less volatile, 

adjusting equation errors cannot be used to calibrate the model to reproduce historical variation 

of both prices and production. 

Adjusting price elasticities could be an alternative way to improve the ability of the simulated 

model to match the pattern of historical variations. Baumeister and Peersman (2013) illustrate 

that an increase in oil price variation and a decrease in oil production variation can be 

reproduced by allowing for time variation in the supply and demand price responsiveness. The 

relevance to the present exercise is that key elasticities of a structural model can be used to help 

simulated data match historical market variation. An elasticity change can have different 

impacts on the variation of output variables, increasing some and decreasing others, in contrast 

to the common effect of the equation errors. In at least one case, the role of elasticities has been 

exploited in the way we propose: Beckman et al. (2011) compared simulation results of crude 

oil volatility with historical data as a means to calibrate elasticities. The price volatility in the 

historical data is initially higher than the simulated price volatility from the GTAP-E (Global 

Trade Analysis Project-Energy and Environment) model that is a general equilibrium model. 

Therefore, the authors reduce demand elasticities for oil products so that the simulated price 

volatility corresponds more closely to historical price volatility. 
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3. Empirical framework

3.1. A theoretical model

A theoretical model is introduced to emphasize the role of the error term and price elasticity 

in determining the variation of endogenous variables. The Korean rice market can be 

represented by demand and supply equations and the market-clearing identity (Baumeister and 

Peersman 2013):

(1) 
  ∙

 
 and

(2) 
  ∙


,

(3) 
  



where 
 and 

 are rice demand and supply, respectively. 
 is the equilibrium price. 

Quantity and price variables are in logarithmic form. Hence,  and  represent price 

elasticities. Because of the negative sign in the demand equation, both these parameters are 

assumed to be positive, although the demand elasticity is consequently negative. Regarding the 

error terms, we assume that 
    

    
    

 , and 
  

 . We also 

assume that there is no correlation between error terms, 


   . In reality, supply and 

demand errors can be correlated, 


      . 

The theoretical model is solved to generate the equilibrium of price, 
, and quantity, 

 as 

follows
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.

The equilibrium of price and quantity are functions of the demand and supply errors and price 

elasticities. Through this equilibrium, we can derive the variability of Korean rice price and 
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production as follows: 

(5) 
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Depending on error variances and price elasticities, the Korean rice price and quantity 

variations are changed. A change in the variance of Korean rice demand or supply errors has a 

positive effect on the variance of the price and quantity. 
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Conversely, decreasing the size of the variance in either demand or supply errors leads to 

decreasing variations of both price and quantity. Hence, if assessed in terms of model 

calibration, adjusting the variance of the error terms might be appropriate if the variation of both 

simulated price and quantity are both larger or smaller than the variation of historical data. 

A change in price elasticity generates inverse effects on the price and quantity.  

(8) 
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  ,

(9) 




  and 




  ,

An increase in price coefficient of either demand or supply causes a decrease in the 

variability of the price and an increase in variability of the quantity, and a decrease in the supply 

or demand coefficient implies the opposite impacts. Because the demand equation uses the 

negative of the price effect, the assumed positive coefficient in this equation corresponds to a 

negative own-price elasticity of demand. So an increase in this coefficient implies more elastic 

demand, just as an increase in the supply equation price coefficient corresponds to a more 
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elastic supply. These calculations that more elastic market response tend to imply faster 

quantity adjustment and a limited range of price outcomes is by no means new, but takes on a 

new usefulness when calibrating model outcomes to match historical variability in these 

variables. This pattern suggests that adjustment to elasticities can be a means to match 

variability of the price and quantity in historical data if the stochastic output for one variable is 

more volatile than the historical data and the stochastic output of the other variable is less 

volatile than the historical data. 

3.2. Stochastic approach

A stochastic approach is used to examine the implications of uncertainty. We randomly draw 

from distributions of selected exogenous variables to generate 500 outcomes for the 

endogenous variables using a structural economic model. 

We calibrate the model using two of the available parameters. The focus of this exercise is the 

supply error and demand elasticity (figure 2). Analysts might need to adjust price and quantity 

variations if simulated variations do not reflect historical values. In this example, the simulated 

price variation is assumed to be higher than the historical variation. One method for calibration 

is to decrease or increase the supply or demand errors that are used to drive the Monte Carlo 

simulation. In the figure, the possible uncertainty range between    and    is narrowed. Then, 

the simulated variation of the price (P) and quantity (Q) are also reduced relative to the variation 

of two variables in the base model. The second method is to increase or decrease price elasticity 

in the demand or supply sides. If the price elasticity of demand is more elastic than the base 

model, then the variation of the price (P) is reduced and the variation of the quantity (Q) is 

increased relative to the base model. Hence, these two methods to reduce simulated price 

variation in order to calibrate results to historical price variation have opposite effects on the 

variation in quantity. This pattern can be exploited to calibrate an existing model to address 

questions of market variability, as shown in the following application. 
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Figure 2. Calibrating a stochastic partial equilibrium model output variance by adjusting supply error or  

  demand elasticity

4. Application

The Korean rice market is chosen as a good case for our experiment. The model is based on 

annual data from 1997 to 2017. Domestic production such as area harvested and rice and 

soybean yields are from Statistics Korea (KOSTAT) and domestic demand such as 

consumption, ending stock, and rice and wheat prices are from Food Information Statistic 

System (FIS). Import quantity and price are from the U.S. Department of Agriculture 

Production, Supply, and Distribution (USDA-PSD). Macro variables such as Gross Domestic 

Product (GDP), Population, and Consumer Price Index (CPI) are obtained from the Bank of 

Korea. 

Table 1 shows the Korean rice model structure. Elasticities of demand and supply are 

required to construct the structural model and are taken from the Korea Agricultural Simulation 

Model (KASMO) developed by the KREI. Elasticities used in this study are available on 

request from authors. The supply elasticity concerning rice return is more elastic than soybean 

return. The demand is inelastic with respect to income, presumably because of the role rice 

plays in this developed country.  

The import equation is a complementary slackness condition to represent the Tariff Rate 

Quota (TRQ) regime implemented in 2015. A Fischer-Burmeister representation of a nonlinear 
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(1) Direct payment = Fixed direct payment + Variable direct payment
(2) Variable direct payment = max(0,(target price-farm price)*0.85 - fixed direct payment)
(3) Domestic rice return = Domestic price + Direct payment
(4) Harvested area = f(lag of harvested area, lag of domestic rice return, lag of domestic soybean 

return)
(5) Yield = f(trend)
(6) Per capital domestic rice consumption = f(domestic rice price, domestic wheat price, real GDP 

per capita)
(7) Ending stock = f(lag of ending stock, domestic rice price)
(8) Import: a Fischer-Burmeister representation of a nonlinear complementarity problem (NCP) 

function

       Pr   

   Pr     

(9) Market clearing: Harvested area*Yield + Beginning stock + Import = Domestic rice consumption 
+ Ending stock

complementarity problem is used (Fischer 1992). The representation allows imports to exceed 

the Minimum Market Access (MMA) quantity, which is 408 thousand metric tons, if the price 

of the imported price with the 518% over-quota tariff rate is lower than the price of domestic 

rice. 

Korean rice policy includes direct payments consisting of fixed and variable components. 

These variables are added to the domestic rice returns that drive the harvested area equations. 

The fixed direct payment is 16,393 won per ha. The variable direct payment equals the 

difference, if positive, between the target rice price and the sum of the fixed direct payment and 

the market price times 85%. The target rice price is 188,000 won per 80 kilograms. If the farm 

price is below the target price and the gap multiplied by 0.85 is higher than the fixed direct 

payment, then the total variable direct payment is calculated by multiple of area harvested and 

65 (10,000 won) as unit payment per ha based on the government decision. The variable direct 

payment used in our model is a payment per ha that is imposed in the harvested area. The 

variable direct payment is the main component of the total AMS, but total direct payment is not 

considered in the harvested area equation of the model.

Table 1. Korean rice model structure
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The model is projected to estimate market conditions in 2018-2021. Projection period values 

for the exogenous variables, which are corn and soybean yields and wheat price, are drawn from 

a KASMO projection (Seo and Kim 2016). Substitute commodities such as corn, soybean, and 

wheat are considered in the model because they can cause the demand and supply sides in the 

Korean rice market. Forecast values for the gross domestic product (GDP), population, and the 

consumer price index (CPI), 2015 base year, are from IHS Markit (2016). Fixed direct payment, 

the target price, and MMA quantity are held at their 2017 values. Given these assumptions 

about the exogenous variables, empirical distributions are generated. We then take 500 random 

draws from the empirical distribution, including errors of harvested area, yield, domestic 

consumption, and ending stock. These 500 market outcomes represent possible outcomes and 

volatilities of price and quantity in the future. 

We generate a range of simulated AMS as a key indicator to assess the implications of the 

exercise. The Korean government committed to AMS limits under the Uruguay Round 

commitment (Choi et al. 2016). A deterministic projection of the AMS might remain well 

below the limit if recent market conditions and policies are used as a guide. However, it is 

theoretically possible for support to exceed the limit under sufficiently extreme circumstances. 

Policymakers could be better informed by simulation output that reflects how AMS varies 

according to conditions, such as when weather causes yields to be very high or low. In 

particular, the stochastic analysis that has been shown to usefully inform U.S. policymakers of 

the risk of that country exceeding its AMS limits could be applied to the politically sensitive 

case of Korean rice policy. In this paper, stochastic partial equilibrium analysis generates a 

range of the total AMS based on changes in certain exogenous variables. The stochastic mean 

AMS is found to depend critically on the outcomes when certain thresholds are exceeded, so the 

average value depends on extreme outcomes. As such, the model calibration method that 

explicitly compares projected and past volatility of price and quantity is a critical input into this 

process.
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5. Empirical results

5.1. Base model results

The stochastic output of the base model does not reflect the historical variation (Figure 3). 

The standard deviations of price and production of the base model are generated from the 500 

model simulations. As noted earlier, these are Monte Carlo simulation outcomes from the 

model with random draws from empirical distributions for the supply and demand equation 

error terms. The price variation in each year in the historical period is less than the variation of 

the projected price of the stochastic simulations. For instance, the standard deviation of the 

stochastic Korean domestic rice price suggests a projected pattern that is not reflected in the 

historical period: the projected standard deviation of the price is 400 won per kilogram in 2017 

whereas past deviations from the 2006-2016 mean have never been this large. In a case of the 

Korean domestic rice production, the standard deviations in projected years appear small as 

compared to historical patterns. Projected standard deviations would appear to underestimate 

the full range of possible outcomes. There are deviations of over 400 million tons in 2010 and 

2013, but stochastic production in the base model indicates that a deviation of over 400 million 

tons is very unlikely. 

The base model can be calibrated through adjustments to the error terms and elasticities, as 

noted earlier. Here, decreasing the variation of Korean rice price and increasing the variation of 

the Korean rice production is necessary if the model output variability is to correspond more 

closely to historical variability. In the next section, these two approaches are used to 

demonstrate this method to calibrate the model using Korean domestic rice price and 

production variability. 
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Figure 3. Stochastic price and production in the base model

5.2. Reducing the supply variation results

Reducing the supply variation decreases the variation of the simulated price and production, 

as mentioned above (equation 6). Figure 4 shows the standard deviations of the stochastic price 

and production if the supply error variance is reduced as compared to the variance in the base 

case, as well as the historical variance. The standard deviation of the rice yield residual is 

reduced by 50 percent relative to the original variation of the rice yield. As a result, the range of 

possible outcomes for the Korean rice price is narrowed. The range of  Korean rice production 

is also smaller relative to the range in the base model. And it is reduced even further as 

compared to historical variation in this variable. If the rice production variation is changed, 

alone, then the calibration process might be satisfied for one of these two variables while 

causing the apparent error in the distribution of the other variable to become only more severe. 
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Figure 4. Changes in simulated price and production variation after calibration only by changing the 

supply error

5.3. Increasing the price elasticity of demand results

Increasing the price elasticity of demand plays a different role in determining the variation of 

the price and production. Figure 5 illustrates how more elastic demand affects the variation of 

the simulated price and production results, as well as historical production variation. The price 

elasticity of demand in the base model is -0.29. In the calibration experiment, the price elasticity 

of demand is set to -0.6. The consequences of this change on the price and production output of 

the model are consistent with Equation (8). 
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Figure 5. Changes in simulated price and production variation after calibration only changing the de-

mand elasticity

This approach causes simulated model output to fit the pattern of historical data. Stochastic 

price outcomes are less volatile than in the base model and closer to the volatility observed in 

historical price data. The simulated variability of rice production is more significant  than in the 

base model after this change and consequently closer to historical volatility. Hence, simulated 

data that are calibrated based on this approach are more likely to reflect the variation in the 

historical data. 

Approaches introduced above generate different ranges of rice prices and production in 

Korea. In the case of the Korean rice market explored here, the base model estimated the price 

to be more volatile in the future than historical data suggest, and the production was estimated 

to be less volatile than seen in historical data. Table 2 summarizes changes in price and 

production variation when we reduce the supply variation and increase the demand elasticity. 

The standard deviation is used as the measure of variation. The results show that increasing the 

price elasticity of demand makes rice production more volatile and reduces price variation 

while reducing the supply error variation reduces both variations in the price and production for 

2018-2020, compared to historical variation from 2006-2017. Hence, adjustment of the price 

elasticity of demand is a better way to calibrate results rather than adjusting supply-side error 

terms. Beckman et al. (2011) also use demand and supply elasticities to modify the volatility in 
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oil product outputs. The percentage change in oil product  outputs is used to match the historical 

outcome. Our study uses demand elasticity to change the volatility of price and outputs as 

checking the percentage change in outcomes. A difference between Beckman et al. (2011) and 

our study is that Beckman et al. (2011) use the general equilibrium model, and our study is 

based on the partial equilibrium model. 

Table 2. Comparisons of variation between historical and stochastic data

Historical 
data

Stochastic
data

2006-2017 2018 2019 2020

s.d s.d % change s.d % change s.d % change

Base case

  Production (MT) 249.4 166.0 -33.5% 192.5 -22.8% 184.7 -25.9%

  Price (Won/kg) 128.4 302.7 135.7% 370.5 188.6% 345.6 169.1%

Reducing the supply error case

  Production (MT) 249.4 100.5 -59.7% 101.8 -59.2% 99.9 -59.9%

  Price (Won/kg) 128.4 208.6 62.5% 254.1 97.9% 239.7 86.7%

Increasing the price elasticity of demand case

  Production (MT) 249.4 207.3 -16.9% 220.7 -11.5% 217.9 -12.6%

  Price (Won/kg) 128.4 202.3 57.6% 209.1 62.9% 207.2 61.4%

Source: Authors’  calculations. s.d. represents the standard deviation. The % change is calcu-

lated by the difference between a current year’s value and historical value.  

5.4. Stochastic AMS

To consider the potential implications of these two approaches to model calibration, we 

calculate the AMS for Korean rice. As noted earlier, a reduction in the rice price can trigger 

variable direct payments, and, if so, then the total AMS could increase. There is, in theory, the 

potential that these increases in rice support could cause AMS to exceed Korea’s commitment. 

Therefore, it is vital  to consider the total AMS in the context of plausible market uncertainty. 

The deterministic point estimate of the future AMS might fail to represent market conditions 

that trigger the variable payment. The model is simulated deterministically, without any draws 
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on exogenous variables. In this case, the estimated total AMS in 2017 is 539 billion won, which 

is well below the AMS limit (1,490 billion won). Since the Korean rice price falls in the 

projection period, the variable direct payment plays a role in the total AMS. However, the 

deterministic value does not reflect explicitly the outcomes where the rice price is high,  so there 

is no variable direct payment, nor potential outcomes with even lower rice prices and higher 

variable direct payments. Turning to stochastic simulation, with the additional step to calibrate 

to the variations of key output variables, allows the calculation of AMS over a range of market 

conditions.

The total AMS projected by the model using this stochastic process with calibration suggests 

a potential for AMS to exceed the limit that is not detected by deterministic analysis (Figure 6). 

However, the results depend on the calibration method. Since the second method that handles 

demand elasticity is fit to the model, consider the case that demand elasticity is used to calibrate 

the model. In contrast to the base model case, none of the estimated AMS from the stochastic 

model simulation results total AMS exceeds the commitment given this calibration method. 

Given that the second calibration method that uses demand elasticity is shown to match better 

historical variation, this set of results with no share of AMS outcomes exceeding the 

commitment level seems a more appropriate indication of projected market conditions and their 

policy implications at this time.  

Figure 6. The stochastic projection of the total AMS after calibration by changing both supply error and  

demand elasticity.
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6. Conclusions         

Stochastic simulation of a partial equilibrium model is used to generate many outcomes that 

describe a range of possible market conditions. In contrast, deterministic simulation of such a 

model produces only a single outcome. Stochastic simulations are allowed for some of the 

variations  in actual markets to appear in applied market and policy analysis. While by no means 

an all-inclusive method that can account for all sources of risk, stochastic simulations allow for 

researchers to take account of at least some of the uncertainty that is typically ignored or 

understated in the deterministic analysis. Here, we consider historical price and quantity 

variations, in particular, using variability as a means to calibrate a model and then using 

stochastic simulations of the model to estimate outcomes of policy. We take the case of the 

Korean rice market for our exercise.

We examine two approaches for model calibration based on the variability of output: the 

variation in the supply shock or error, and the price elasticity of demand. The idea, as illustrated 

mathematically, is to use these two parameters to force the variation of a model to match the 

historical variation of key variables. We apply the idea to our specific model that is already used 

to support decision making by estimating policy impacts on markets. Starting with parameters 

used in the existing KREI-KASMO model for the Koran rice market, stochastic price and 

quantity variations are not consistent with historical values. In this example, stochastic price 

variation is more substantial  than historical price variation, while stochastic quantity variation 

is smaller than historical quantity variation. In this case, increasing the price elasticity of 

demand makes stochastic price and quantity variations closer to historical values. 

This calibration discussion highlights the potential trade-offs and implications of taking into 

account variation in key variables in the applied economic analysis of future policies or policy 

conditions. However, we also recognize several limitations. First, we do not consider the 

potential that both the variation in these key variables and the levels of these key variables could 
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be targeted at the same time. Ideally, statistical methods that fit first and second moments, at 

least, could be exploited initially. However,  it is not always clear that the parameters of existing 

models have been developed on such a basis. Even so, reconciling the presumed need to target 

level and variance simultaneously could be emphasized. Second, more error terms and 

elasticities could be considered, even if the initial values or distributions are taken as given. For 

example, ending stocks equation error terms or elasticity could be considered. Third, there 

could always be more stochastic elements, such as other commodity prices, macroeconomic 

variables, or even model coefficients and even equation structure. Fourth, the trade-offs could 

be expressed more clearly in terms of an explicit loss function. The degree of “fit” could be 

represented mathematically, with deviations from levels and variances of output data relative to 

historical data assessed through strict application of an explicit loss function. Fifth, this 

comparison might ideally be conducted by simulating the model over the historical period and 

applying this loss function over the same contextual factors, such as macroeconomic and policy 

variables, before extrapolating to future market conditions. Thus, while we stress that the 

methods explored here offer the potential for applied economists to calibrate an existing model, 

an ideal examination might be a much more elaborate effort that begins from the start with this 

goal in mind. In practice, however, we expect that many efforts to provide more robust 

stochastic simulations for policy analysis might adapt an existing and already used model as we 

do in this exercise. Moreover, such an effort requires investments in resources that might well 

be beyond the reach in some or many instances.

The comparison of estimated AMS levels to commitment levels show that stochastic analysis 

has a role, and calibrating the model to match historical variation can affect policy relevant 

results. Indeed, in the example presented here, the share of projected outcomes in which Korean 

AMS, driven by rice subsidies and barrier to imports, exceeds its commitment depends on if and 

how the model is calibrated. Without calibration, some share of outcomes result in AMS 

exceeding the country’s WTO commitment, whereas this share falls to zero if the model is 

calibrated to reproduce historical variability. While this test is conducted for only one case, the 
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implication is that stochastic model simulations without considering, first, the validity of the 

simulated market variability could cause misleading results.
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1. Introduction

In the food industry of Korea, the conditions of food consumption are changing fast thanks to 

more and more income, the increasing number of one-person households, people’s desire for 

healthy living, and the increasing elderly population1 . Also, as food technologies develop and 

diversified foods are available, the health-functional food market emphasizing the 

functionalities of raw materials is growing  fast. In 2017, the scale of the Korean 

health-functional food market was 2 trillion 704.7 billion won2 and showed a 10.8% of increase 

per annum on the average for the latest five years. Total marketing volume is 2 trillion 237.4 

billion won, accounting for 0.13% compared to GDP (Gross Domestic Products), 0.47% 

compared to GDP of the manufacturing industry, and 2.45% compared to the food industry. 

Moreover, in 2017, the amount of exported and imported health-functional food was 107.7 and 

575.4 billion won, respectively, showing 13.0% and 10.3% of annual increase on the average, 

respectively, after 2012 (Ministry of Food and Drug Safety, 2018). As described above, because 

it is expected that the health-functional food industry will continue to grow, it is thus necessary 

to conduct an accurate evaluation of its role and values from the perspective of national 

economic growth. 

A health-functional food refers to the ‘food manufactured (or processed) by using raw 

materials or components with functionalities3 beneficial for human bodies’ provided in the 

‘Health-functional Foods Act (HFA),’ and is different from medicines, functional foods or 

ordinary foods. While the direct effect of health-functional food on healthier living and 

prevention of diseases, unlike ordinary foods, is further recognized, it is thus necessary to 

1 The Population Projections by Statistics Korea reveals that the 65 or older population of Korea accounts for 14.3% as of 2018, 

and will increase fast to account for more than 20% in 2025, 30% in 2036 and 40% in 2051.

2 This is the number calculated by adding the volume of marketing in Korea and import in 2017.

3 A functionality means the beneficial effect for healthy living, for example, controlling nutrients for human body structure and 

functions, or physiological actions provided in the ‘Health-functional Foods Act (HFA)’.
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demonstrate the safety and functionalities thereof scientifically and differences in its operation 

and management system (Park et al., 2016). As a result, the HFA was enacted in August 2002, 

and has been enforced from January 2004 to establish a policy basis for ensuring the safety and 

functionalities of health-functional foods.

As such, although the health-functional food industry continues to grow, it is hard to find 

previous studies about the ripple effect of the health-functional food industry on the Korean 

economy. In general, each industry as a component of the national economy purchases 

intermediate materials, including raw materials and components from other industries, and 

combines them with the original production elements including labor and capital. Through the 

process, new goods or services are produced to sell them to other industries as an intermediate 

material or to end consumers to form an interdependency relation (Lim 2015). Therefore, it is 

necessary to examine interdependency between the health-functional food industry and the 

backward and forward linkage industries and analyze the economic ripple effect on individual 

industries and the entire economy to find out the feature of industrial development and suggest 

the direction of development. 

Meanwhile, while most studies based on input-output analysis consider only the direct and 

indirect effects of the industry, this study includes the inducement effect by increased income in 

the ripple effect of the industry to avoid underestimating the substantial ripple effect. In 

particular, because the health-functional food industry is an industry with fast-growing 

consumption thanks to increased income, it is thus necessary to include the inducement effect 

by increased income in the economic ripple effect. In the US with the developed 

health-functional food industry, the economic ripple effect thereof is divided into the direct 

effect, indirect effect and inducement effect to measure them (Davanzo et al. 2009).4 

Therefore, this study aims to derive the industrial input coefficient, the multiplier, and the 

4 The US CRN (Council for Responsible Nutrition) shows that the dietary supplement industry contributes $121.6 billion to the 

U.S. economy (about 0.68% of GDP), creates 754,645 jobs nationwide, and pays $38.4 billion in wages. Additionally, the in-

dustry contributes nearly $15 billion in business taxes (federal and state) not including taxes collected on product sales (CRN 

2016).
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forward-backward linkage coefficients of related industries by applying input-output analysis 

to measure the economic effect of individual industries and between industries. The derived 

coefficients are applied to the sales performance data of health-functional foods to divide the 

economic ripple effect of the health-functional foods into direct effects, indirect production 

effects, and inducement effects to measure them. This study additionally analyzes the economic 

ripple effect of the health-functional food industry in each stage of raw materials, production, 

sale, and consumption to suggest implications for industrial development and related policies.

So far, most studies about health-functional foods have focused mainly on consumer’s 

recognition of the health-functional foods (Shin 2006; Cha and Kim 2008; Kim and Joo 2010; 

Seol, Park, and Woo 2014; Kim 2018; Jeong, and Kim 2018; Park, Gong and Lee 2019). Other 

studies include the study on vitalizing the health-functional food market (Kim 2011; Kim 2013; 

Yoo 2015), the study on developing and certifying functional raw materials (Lee 2010; Lee 

2013; Ha 2013; Seo 2015), and the study on advertising and labeling health-functional foods 

(Heo 2007; Jo 2009; Kim 2018).

Although there are many studies done for analyzing the economic ripple effect of individual 

industries by applying input-output analysis, only one study has been done on the economic 

ripple effect of the health-functional food industry by Lee et al. (2013). The ‘Industrial 

Input-output Table in 2009’ cited in the study by Lee et al. (2013) does not divide and suggest 

the ‘health-functional food’ separately, implying that the accurate economic effect is not 

possibly estimated.5 Lee (2012), Park (2016), and Song (2018) used the endogenous household 

consumption model to solve the disconnection problem with exogenous variables by using the 

input-output model. Their studies are related to the medical and welfare industry, the tourism 

industry and the construction industry, and input-output analysis is not used much in other 

fields for using the endogenous household consumption model.

5 While the industry related to health-functional foods is not under an independent category in the Input-Output Tables before 

2010, it belongs to the category of ‘food and beverage’; to the division of ‘food’; to the section of ‘other food’; and to the  pri-

mary  category of ‘ginseng and dietary supplements.’
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Therefore, this study uses the ‘2010 Input-Output Table’ and the ‘2015 Input-Output Table’ 

in which ‘ginseng and supplementary foods’ belong to a different category to measure more 

accurate economic ripple effects of the health-functional food industry. Furthermore, an 

endogenous model for income and household consumption is applied to reflect the features of 

the health-functional food industry with great income effects to reflect the increased income 

effect to implement accurate ripple effect analysis of the health-functional food industry on the 

entire national economy. 

2. Data 

The 2010 and 2015 Input-Output Tables announced by the Bank of Korea were used to 

measure the economic ripple effect of the health-functional food industry by employing 

input-output analysis. While various types of the Input-Output Table are used depending on 

price evaluation, imports and edition formats, this study uses the input-output table of 

noncompetitive import type, which can measure more accurate economic ripple effects and is 

considered as a basic price useful for endogenous import.6 

In this study, the scope of the health-functional food industry is established as “ginseng and 

dietary supplements” in the basic-classification of the input-output table.7 However, it is 

6 The Input-Output Table is classified into the competitive import type and the non-competitive import type depending on the 

method of handling imported products. The Input-Output Table of non-competitive import type putting Korean materials and 

imported materials in the category of intermediate input and final demand is based on the more realistic assumption that the 

Korean materials and imported materials are heterogeneous each other, and their input ratios are different in each industry. 

Meanwhile, although endogeneity of the import sector is allowed through the Input-Output Table of competitive import type, it 

is not completely ideal for classifying the pure effect by Korean production and imports.

7 Specific products belonging to “Ginseng and dietary supplements” can be referred to through the supply table published as an-

nexed to the industry association table in 2010 and 2015. Direct comparison between “health-functional food industry” and 

“ginseng and dietary supplement foods” is difficult because it is not clearly presented in HFA. The domestic production value 

of “health functional foods” announced by the Ministry of Food and Drug Safety is 1.7326 trillion won while the domestic pro-

duction value of “ginseng and dietary supplements” is 2.8839 trillion won in 2015. Therefore, production value of “ginseng and 

dietary supplements” is about 1.7 times larger than that of “health functional foods”
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impossible to use the employment table of basic-classification because the basic-classification 

table does not provide labor-related information of “Ginseng and health supplements.” In 

contrast, the sub-classification table provides those of “other foodstuffs.” Therefore, labor-related 

information of “other foodstuffs” in the basic-classification from the employment table was 

collected based on the Economic Survey of the National Statistical Office (2010, 2015) and 

estimated the number of employment and job creation for “Ginseng and dietary supplements.”

To this end, for the primary industrial sector, the agricultural, forestry and fishery product 

category integrates agricultural, fishery and forestry products providing raw materials to 

health-functional foods, and mineral products with a different production process or sales 

structure are under a different category. In the manufacturing industry, health-functional foods 

to be analyzed are under a separate part in the primary category, and the food and beverage 

category with similar industrial features in the production or sale process is under the related  

industry category. Products related to the light industry and the heavy and chemical industry are 

integrated with the non-beverage and food products. For the service sector, the wholesale and 

retail business and the transportation industry transporting and selling health-functional foods 

are under a separate category. Restaurants and healthcare services are under a separate category, 

and other services are integrated under the other service category. For other category references, 

because electric power, water supply, and construction are a kind of social overhead capital 

providing infrastructure of individual industries, it is under the category of SOC (Social 

Overhead Capital). 

Sector 
Basic category codes of input-output table 

2010 2015 (serial No.)

Agricultural, forestry 
and fishery products

001～025 0111～0500 (001～025)

Mineral products 026～034 0611～0729 (026～034)

Food and beverages 035～052, 054～061 0811～1000 (035～051, 053～060)

Health-functional food 053 0873 (052)

Table 1. Classification of input-output table focusing on health-functional food industry
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(Continued)

Sector 
Basic category codes of input-output table 

2010 2015 (serial No.)

Non-food and 
beverages 

062～273 1111～4402 (061～268)

SOC 274～301 4501～5190 (269～296)

Wholesale and retail 302～303 5200 (297)

Transportation 
industry

304～317 5310～5690 (298～309)

Restaurants 318～321 5811～5814 (312～315)

Health and welfare 365～370 7701～7802 (362～366)

Other services 322～364, 371～384
5710～7520, 5820～7603, 7901～8300 

(310～311, 316～361, 367～381)

Source: 2010 Input-Output Table, 2015 Input-Output Table, Bank of Korea.

3. Method of Analysis

For this study, an input-output model was established for an economic impact analysis 

including production and job creation by deriving various coefficients, for example, input 

coefficients, value-added coefficients, and labor coefficients and then analyze the ripple effect 

of the health-functional food industry on the entire national economy. This study uses an 

extension model ,which is an endogenous form of income and household consumption based on 

the demand model widely used as a standard model for the economic ripple effect by following 

Song (2018).8 Because changes in domestic production following changes of the final demand 

inevitably result in changing intermediate material income, it is necessary to make the income 

endogenous to consider those changes. Moreover, because changes of domestic production 

result in changing labor and capital changes, and changes of labor input mainly result in 

changes of household income to have an impact on household consumption, subsequently 

8 The input-output model is classified into the demand model extraneously determining the final demand sector and the supply 

model extraneously determining the added value sector, and can be extended to include a mixed model making some of the final 

demand, import or added value sector endogenous, or some of the endogenous sector extraneous to analyze for particular 

purposes. 
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causing changes of final demand, another factor to be considered is the multiplier effect of 

income and consumption (Lee 2012; Park 2016; Song 2018).

Because it is difficult to measure the economic ripple effect by using the input coefficient 

where there are many industrial sectors, the inverse matrix is used to produce multipliers. the 

inverse matrixes      and         included in each balancing equation are 

called a Leontief’s inverse matrix in the model of endogenous import and household 

consumption. Applying the import, added value, and labor-related coefficients defined in each 

model to the aforementioned output multiplier matrix allows each multiplier matrix to be 

produced from each model. 

Multiplier Endogenous import model
Endogenous import and household 

consumption model 

Output             

Import                 

Added value               

Labor                 

Table 3. Result of produced multiplier matrix for each analysis model 

Note:   and   are a diagonal matrix having diagonal elements of value added coefficient 


and labor coefficient 
 , respectively. 

4. Result of Analysis 

4.1. Calculated Input Coefficient 

The intermediate input coefficients calculated by using the Input-Output Table in 2010 and 

2015 were 74.8% and 74.4%, respectively, implying stability for five years. While this is 

similar to the average of the manufacturing industry (78.2%, 73.9%), but greater than the 

average of the service industry (44.6%, 44.4%), it is smaller than the average of food and 

beverage products (84.2%, 82.9%) which is similar to it. While the imported material input 
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coefficient increased from 2.5% to 3.7% in intermediate input, it is even smaller than food and 

beverage products (14.7%, 14.0%) or non-food and beverage products (23.9%, 21.6%), and 

smaller than the average (6.1%, 4.8%) of service industry with small intermediate input of 

imported materials. As described above, smaller input coefficients of imported materials mean 

higher ratios of using intermediate materials domestically produced, and the imported 

intermediate materials are not so great when health-functional food production increases thanks 

to increasing final demands. 

The value-added coefficient of health-functional foods was 25.2% and 25.6%, respectively, 

in 2010 and 2015, implying stability like the intermediate input coefficients, and reflects that 

the sum of the intermediate input coefficient and the value-added coefficient is 100% for each 

industry. Although the capital input ratio in added value products slightly decreased from 

15.8% in 2010 to 14.9% in 2015, it is higher than the labor input ratio (9.3%, 10.4%), and, in 

particular, almost double the capital ratio (7.9%) of food and beverage products. As described 

above, the higher capital input ratios of the health-functional food industry imply that it depends 

more on production facilities, including machines and buildings, than labor input in the 

production process. 

Category 

Intermediate input Added value
Total 
yieldsSubtotal

Domestic 
materials

Imported 
materials

Subtotal Labor Capital Others

2010

Agricultural, 
forestry and 

fishery 
products

46.7% 43.7% 3.0% 53.3% 7.2% 44.2% 1.8% 100.0%

Mineral 
products

43.6% 42.9% 0.7% 56.4% 18.3% 37.6% 0.5% 100.0%

Food and 
beverage 
products

84.2% 69.5% 14.7% 15.8% 7.8% 7.9% 0.1% 100.0%

Health-functio
-nal foods

74.8% 72.4% 2.5% 25.2% 9.3% 15.8% 0.1% 100.0%

Table 4. Comparison of intermediate input coefficient and value added coefficient for each industry 
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(Continued)

Category 

Intermediate input Added value
Total 
yieldsSubtotal

Domestic 
materials

Imported 
materials

Subtotal Labor Capital Others

Non-food and 
beverage 
products

77.9% 54.0% 23.9% 22.1% 8.9% 13.1% 0.1% 100.0%

SOC 69.1% 54.3% 14.8% 30.9% 19.3% 11.2% 0.4% 100.0%

Wholesale and 
retail 

47.9% 45.1% 2.8% 52.1% 19.5% 32.1% 0.6% 100.0%

Transportation 
industry 

66.1% 38.8% 27.3% 33.9% 17.7% 15.8% 0.4% 100.0%

Restaurants 64.6% 58.9% 5.7% 35.4% 18.7% 15.9% 0.9% 100.0%

Health and 
welfare

47.5% 42.3% 5.2% 52.5% 38.4% 13.9% 0.2% 100.0%

Other services 37.8% 34.4% 3.4% 62.2% 30.7% 30.6% 0.9% 100.0%

Average of 
manufacturing 

industry 
78.2% 54.8% 23.4% 21.8% 8.9% 12.8% 0.1% 100.0%

Average of 
service 
industry 

44.6% 38.6% 6.1% 55.4% 27.4% 27.2% 0.8% 100.0%

Average of all 
industries 

63.6% 48.1% 15.5% 36.4% 17.1% 18.9% 0.4% 100.0%

2015

Agricultural, 
forestry and 

fishery 
products

45.8% 42.9% 3.0% 54.2% 8.5% 44.7% 0.9% 100.0%

Mineral 
products

47.4% 46.7% 0.7% 52.6% 16.6% 35.9% 0.2% 100.0%

Food and 
beverages

82.9% 68.9% 14.0% 17.1% 8.9% 7.9% 0.4% 100.0%

Health-functio
-nal foods

74.4% 70.7% 3.7% 25.6% 10.4% 14.9% 0.3% 100.0%

Non-food and 
beverage 
products

73.2% 51.6% 21.6% 26.8% 10.7% 15.8% 0.2% 100.0%

SOC 61.9% 48.7% 13.2% 38.1% 23.6% 14.2% 0.3% 100.0%

Wholesale and 
retail 

47.1% 44.3% 2.8% 52.9% 28.9% 23.6% 0.4% 100.0%

Transportation 
industry

59.9% 38.6% 21.3% 40.1% 20.3% 19.5% 0.3% 100.0%

Restaurants 71.2% 65.8% 5.4% 28.8% 19.1% 9.0% 0.6% 100.0%

Health and 
welfare

47.3% 41.2% 6.1% 52.7% 39.0% 13.6% 0.1% 100.0%
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(Continued)

Category 

Intermediate input Added value
Total 
yieldsSubtotal

Domestic 
materials

Imported 
materials

Subtotal Labor Capital Others

Other services 38.7% 35.8% 2.9% 61.3% 30.8% 29.5% 1.1% 100.0%

Average of 
manufacturing 

industry 
73.9% 52.8% 21.1% 26.1% 10.6% 15.3% 0.2% 100.0%

Average of 
service 
industry 

44.4% 39.7% 4.8% 55.6% 29.4% 25.3% 0.8% 100.0%

Average of all 
industries 

59.1% 46.3% 12.8% 40.9% 20.2% 20.2% 0.5% 100.0%

Note: The income from labor in the added value sector means the employment income; the 

capital cost means operating surplus and consumption of fixed capital, and; others 

means other production taxes and subsidies. 

Meanwhile, the coefficient of employment and the coefficient of job creation of the 

health-functional food industry decreased from 19.1 and 12.0 persons/billion in 2010 to 9.5 and 

6.8 persons in 2015, respectively, implying a decrease of almost a half for five years. In 

particular, the coefficient of job creation was even lower than the coefficient of employment. As 

of 2015, the coefficient of employment and the coefficient of job creation of the 

health-functional food industry were equal to the average of the manufacturing industry (2.38, 

2.07), but higher than the food and beverage products (2.92, 2.24) with similar features, and 

similar to the average of the service industry (10.03, 7.33). However, the ratio (71.8%) of the 

coefficient of job creation to the coefficient of employment is lower than the food and beverage 

products (76.4%) and the average of the manufacturing industry (87.0%) or the average of the  

service industry (73.1%). As described above, although the great coefficient of employment and 

the great coefficient of job creation of the health-functional food industry mean the greater 

effect of job creation, the smaller ratio of the coefficient of job creation to the coefficient of 

employment reflects the vulnerable industry structure centering around self-employment or 

small-scale enterprises. 
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Category 

2010 2015

Coefficient of 
employment 

(A)

Coefficient of 
job creation

(B)
B/A

Coefficient of 
employment 

(A)

Coefficient of 
job creation

(B)
B/A

Agricultural, 
forestry and 

fishery products
28.58 2.32 8.1% 21.18 1.60 7.6%

Mineral products 4.86 4.35 89.5% 2.93 2.87 98.0%

Food and 
beverage 
products

3.49 2.39 68.5% 2.92 2.24 76.7%

Health-functional 
foods

19.11 11.98 62.7% 9.50 6.82 71.8%

Non-food and 
beverage 
products 

2.12 1.80 84.9% 2.33 2.05 88.0%

SOC 6.06 4.47 73.8% 5.55 4.14 74.6%

Wholesale and 
retail 

15.84 8.33 52.6% 14.11 8.12 57.5%

Transportation 
industry 

9.60 5.02 52.3% 9.74 4.92 50.5%

Restaurants 19.48 9.28 47.6% 14.92 7.89 52.9%

Health and 
welfare

13.17 12.31 93.5% 13.65 12.85 94.1%

Other services 10.41 8.36 80.3% 8.23 6.79 82.5%

Average of 
manufacturing 

industry 
2.22 1.84 82.9% 2.38 2.07 87.0%

Average of 
service industry 

11.88 8.30 69.9% 10.03 7.33 73.1%

Average of all 
industries 

6.81 4.63 68.0% 6.41 4.61 71.9%

Table 4. Comparison of employment and job creation coefficient for each industry 

unit : person / billion won 

4.2. Result of Calculated Multiplier Coefficient 

The output multiplier of the health-functional food industry increased from 3.59 in 2010 to 

3.67 in 2015, and this is higher than the average of the manufacturing industry (3.11) or the 

average of the service industry (3.45, 3.50), and the average of food and beverage products 
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considered as a similar industry (3.42, 3.48). The added value multiplier also slightly increased 

from 0.25 to 0.26 during the same period, and this is higher than the average of food and 

beverage products (0.16, 0.17) and the average of the manufacturing industry (0.22, 0.26). The 

import multiplier was 0.25 in 2010 and 2015, not showing any change. This is almost half of the 

average of the manufacturing industry (0.51, 0.43), smaller than the food and beverage products 

(0.37, 0.34), and similar to the average of the service industry (0.26, 0.21) which has little 

imported intermediate materials. 

Category
Output multiplier Added value multiplier Import multiplier

2010 2015 2010 2015 2010 2015

Agricultural, 
forestry and 

fishery products
2.70 2.74 0.53 0.54 0.21 0.18

Mineral products 3.11 3.18 0.56 0.53 0.23 0.19

Food and 
beverage 
products

3.42 3.48 0.16 0.17 0.37 0.34

Health-functional 
foods

3.59 3.67 0.25 0.26 0.25 0.25

Non-food and 
beverage 
products

3.09 3.08 0.22 0.27 0.52 0.43

SOC 3.55 3.49 0.31 0.38 0.43 0.34

Wholesale and 
retail 

3.35 3.67 0.52 0.53 0.23 0.20

Transportation 
industry

2.96 3.01 0.34 0.40 0.45 0.36

Restaurants 3.67 3.92 0.35 0.29 0.29 0.27

Health and 
welfare

3.99 3.88 0.52 0.53 0.31 0.26

Other services 3.47 3.43 0.62 0.61 0.23 0.18

Average of 
manufacturing 

industry 
3.11 3.11 0.22 0.26 0.51 0.43

Average of 
service industry

3.45 3.50 0.55 0.56 0.26 0.21

Average of all 
industries

3.27 3.31 0.36 0.41 0.40 0.32

Table 5. Comparison of intermediate input coefficient and value added coefficient for each industry 
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Meanwhile, the employment multiplier of the health-functional food industry/billion of 

production amount decreased from 68.7 persons in 2010 to 34.9 persons in 2015. While the job 

creation multiplier decreased from 43.1 to 25.0 persons during the same period, the absolute size 

is greater than in other industries. The employment multiplier is the average of the 

manufacturing industry (6.9 persons, 7.4 persons), but significantly greater than food and 

beverage products (11.9 persons, 10.2 persons), and similar to the average of the service industry 

(35.5 persons) implementing production centering around manual labor as of 2015. 

Furthermore, the job creation multiplier shows a result similar to the employment multiplier. As 

described above, greater employment and job creation multipliers of the health-functional food 

industry is based on the fact reflecting the industry with many employees and the coefficient of 

job creation, and indirect factors of greater employment and job creation multipliers in the raw 

material industry of agricultural, forestry and fishery products, the sales industry of wholesale 

and retail, and the main buyers of restaurants and health and welfare services. 

Category
Employment multiplier Job creation multiplier

2010 2015 2010 2015

Agricultural, forestry and fishery 
products

77.19 58.01 6.27 4.37

Mineral products 15.10 9.31 13.51 9.10

Food and beverage products 11.92 10.19 8.17 7.79

Health-functional food 68.71 34.86 43.06 25.03

Non-food and beverage products 6.56 7.18 5.56 6.32

SOC 21.52 19.35 15.89 14.44

Wholesale and retail 53.05 51.71 27.91 29.77

Transportation industry 28.39 29.32 14.85 14.82

Restaurants 71.57 58.44 34.08 30.91

Health and welfare 52.56 52.98 49.12 49.88

Other services 35.81 28.25 28.76 23.30

Average of manufacturing industry 6.92 7.42 5.75 6.44

Average of service industry 41.11 35.51 28.91 25.94

Average of all industries 22.88 21.94 15.80 15.88

Table 6. Comparison of employment and job creation multipliers of each industry 

unit: persons/billion won 
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As described above, the production, added value and labor-related multiplier of the 

health-functional food industry greater than the average of all industries as well as the 

manufacturing industry or the food and beverage industry means that it has a great effect on all 

industries, and suggests great economic outcomes. Examination of the multiplier effect of the 

health-functional food industry based on the multipliers in 2015 reveals that 10 billion won of 

domestic demands or export as an overseas demand for the health-functional food industry 

contributes to direct and indirect production of 36.7 billion won across all industries, and added 

values of 2.6 billion won, and creating 250 jobs. Comparing this with the multiplier effect of the 

similar industry of food and beverage products or, the manufacturing industry and the average 

of all industries, the multiplier effect is shown smaller than the multiplier effect of 

health-functional foods, implying that it suggests more economic outcomes from the 

health-functional food industry as much as the difference. 

4.3. Analysis of Economic Ripple Effect 

This chapter uses the sales performance of the health-functional food industry to analyze two 

aspects of the ripple effect type on other industries and across the economy, and stages of 

health-functional food distribution.9 To this end, the multiplier related to health-functional foods 

in 2015 for the model created above and making import and household consumption endogenous 

was used. The multiplier by the model only making import endogenous to extract the effect of 

inducing import-household consumption was also used. Meanwhile, the final demand for 

analysis as an extraneous variable was adjusted and used to be suitable for the analysis model by 

using the sales outcomes of health-functional foods in 2017 provided by the MDFS.10 

9 The ripple effect type analysis aims to classify and examine the ripple effect into the direct effect for the health-functional food 

industry, the indirect effect through the input-output industry and the effect following increased consumption by increased 

income. The distribution stage analysis aims to examine the industry to be analyzed about each stage of raw materials, pro-

duction (toll processing, provision of components, service support), sales (wholesale and retail sales), and consumption of 

health-functional foods. 
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4.3.1. Economic Effect by Each Ripple Effect Type 

In 2017, the economic ripple effect by the final demand of one trillion 373.7 billion won for 

health-functional foods was shown 5 trillion 33.9 billion won for production, one trillion 864.3 

billion won for added values, and 405.5 billion won for import. The scale of creating jobs and 

wage workers as the workforce was 45,828 and 26,453 persons, respectively. The ripple effect 

on production and added values was 3.7 and 1.4 times the final demand of the health-functional 

food industry, respectively. 

Concerning each ripple effect path, examination of the ripple effect on production shows the 

direct effect of one trillion 373.7 billion won (27.3%) for the final demand; the indirect effect of 

one trillion 863.4 billion won (37.0%) on production of the industries related to intermediate 

material input for production; and the inducement effect of one trillion 802.8 billion won 

(35.8%) made by increased income by increasing production to promote consumption. The 

added value effect for each ripple effect path is shown 352.3 billion won (18.9%) for the direct 

effect, 745.6 billion won (40.0%) for the indirect effect, and 766.4 billion won (41.1%) for the 

inducement effect. Meanwhile, the employment and job creation effect is shown 13,053 and 

9,370 persons, respectively, for the direct effect, 17,157 and 7,219 persons, respectively, for the 

indirect effect. It created 15,618 and 9,864 jobs, respectively, for the inducement effect. 

10 Although the sales outcome of health-functional foods in 2017 is categorized as domestic sales (2 trillion 129.7 billion won) 

and export (107.7 billion won), it is not categorized for final demands and intermediate demands required for this analysis. 

Therefore, the final demand for domestic use ( one trillion 266 billion won) was estimated from the sales outcome of 

health-functional foods sold in Korea, and the final demand adding the export (107.7 billion won) thereto was used on the basis 

of using the ratio of domestic final demand (59.4%) and domestic intermediate demand (40.6%) for the health-functional food 

industry in the Input-Output Table in 2015. 
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Category

Production Added value Income Employment Job creation 

0.1 billion 
won

Proportion
0.1 billion 

won
Proportion

0.1 billion 
won

Proportion Persons Proportion ersons Proportion

Direct
Health-functio

-nal foods
13,737 27.3 3,523 18.9 119 2.9 13,053 28.5 9,370 35.4

Indirect

Agricultural, 
forestry and 

fishery 
products

3,678 7.3 1,992 10.7 248 6.1 7,790 17.0 587 2.2

Mineral 
products

16 0.0 8 0.0 379 9.3 5 0.0 5 0.0

Food and 
beverage 
products

1,272 2.5 218 1.2 234 5.8 372 0.8 284 1.1

Health-functio
-nal foods

1,281 2.5 329 1.8 11 0.3 1,217 2.7 874 3.3

Non-food and 
beverage 
products

6,128 12.2 1,641 8.8 1,133 28.0 1,427 3.1 1,255 4.7

SOC 704 1.4 268 1.4 0 0.0 390 0.9 291 1.1

Wholesale and 
retail 

1,833 3.6 970 5.2 21 0.5 2,585 5.6 1,488 5.6

Transportation 
industry

823 1.6 330 1.8 112 2.8 801 1.7 405 1.5

Restaurants 225 0.4 65 0.3 4 0.1 336 0.7 178 0.7

Health and 
welfare

61 0.1 32 0.2 0 0.0 83 0.2 78 0.3

Other services 2,614 5.2 1,603 8.6 283 7.0 2,151 4.7 1,774 6.7

Subtotal 18,634 37.0 7,456 40.0 2,425 59.8 17,157 37.4 7,219 27.3

Induce-
ment

Agricultural, 
forestry and 

fishery 
products

1,075 2.1 582 3.1 97 2.4 2,276 5.0 171 0.6

Mineral 
products

10 0.0 5 0.0 241 5.9 3 0.0 3 0.0

Food and 
beverage 
products

1,057 2.1 181 1.0 137 3.4 309 0.7 236 0.9

Health-functio
-nal foods

2,422 4.8 621 3.3 21 0.5 2,301 5.0 1,652 6.2

Non-food and 
beverage 
products

3,541 7.0 948 5.1 718 17.7 824 1.8 725 2.7

SOC 652 1.3 249 1.3 0 0.0 362 0.8 270 1.0

Table 8. Economic effect for each ripple effect path of health-functional food industry 
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(Continued)

Category

Production Added value Income Employment Job creation 

0.1 billion 
won

Proportion
0.1 billion 

won
Proportion

0.1 billion 
won

Proportion Persons Proportion ersons Proportion

Induce-
ment

Wholesale and 
retail 

1,554 3.1 822 4.4 10 0.3 2,193 4.8 1,262 4.8

Transportatio
n industry

611 1.2 245 1.3 77 1.9 595 1.3 301 1.1

restaurants 933 1.9 268 1.4 4 0.1 1,392 3.0 736 2.8

health and 
welfare

523 1.0 276 1.5 0 0.0 714 1.6 672 2.5

Other services 5,651 11.2 3,466 18.6 205 5.1 4,650 10.1 3,835 14.5

Subtotal 18,028 35.8 7,664 41.1 1,510 37.2 15,618 34.1 9,864 37.3

Total 50,399 100.0 18,643 100.0 4,055 100.0 45,828 100.0 26,453 100.0

Category Wage Capital cost Tax Total 

Direct
Health-functional 

foods
1,425 2,052 47 3,523

Indirect 

Agricultural, 
forestry and 

fishery products
314 1,644 34 1,992

Mineral products 3 6 0 8

Food and 
beverage products

113 100 4 218

Health-functional 
food

133 191 4 329

Non-food and 
beverage products

658 968 14 1,641

SOC 166 100 2 268

Wholesale and 
retail 

529 433 8 970

Transportation 
industry

167 161 2 330

Restaurants 43 20 1 65

Health and welfare 24 8 0 32

Other services 804 770 29 1,603

Subtotal 2,955 4,401 100 7,456

Induce
-ment

Agricultural, 
forestry and 

fishery products
92 480 10 582

Mineral products 2 3 0 5

Table 9. Detailed effect of added value for each ripple effect path of health-functional food industry 

unit: 0.1 billion won
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(Continued)

Category Wage Capital cost Tax Total 

Induce
-ment

Food and 
beverage products

94 83 4 181

Health-functional 
food

251 362 8 621

Non-food and 
beverage products

380 559 8 948

SOC 154 93 2 249

Wholesale and 
retail 

449 367 7 822

Transportation 
industry

124 119 2 245

Restaurants 178 84 6 268

Health and welfare 204 71 1 276

Other services 1,738 1,665 62 3,466

Subtotal 3,667 3,888 109 7,664

Total 8,046 10,340 256 18,643

4.3.2. Economic Effect in Each Distribution Stage 

The ripple effect by each distribution stage with the final demand for health-functional foods 

of one trillion 373.7 billion was generally for stages of production, followed by raw materials, 

sales, and consumption. The production multiplier effect was for the stages of raw materials of 

708.2 billion won (14.1%), production of 3 trillion 675.4 billion won (72.9%), sales of 482.1 

billion won (9.6%), and consumption of 174.2 billion won (3.5%). The added value effect was 

for the stages of raw materials of 297.3 billion won (15.9%), production of one trillion 266.2 

billion won (67.9%), sales of 236.7 billion won (12.7%), and consumption of 64.1 billion won 

(3.4%). The import effect was 311.1 billion won considered not significant in the production 

stage but accounted for 76.7% in the entire effects. Meanwhile, the employment and job 

creation effect was for the stages of raw materials of 10,746 and 1,279 persons, production of 

26,383 and 20,054 persons, sales of 6,174 and 3,456 persons and consumption of 2,525 and 

1,664 persons. The employment effect showed a higher proportion of 23.4% for the stage of raw 

materials, and the job creation effect showed a lower proportion of 4.8% for the stage of raw 
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materials. This is the result reflecting the unique labor input structure of the agriculture, forestry 

and fishery industry playing a vital key role as a raw material Industry.11 

Category

Production Added value Import Employment Job creation 

0.1 billion 
won

Proportion
0.1 billion 

won
Proportion

0.1 billion 
won

Proportion Persons Proportion ersons Proportion

Raw 
material

Agricultural, 
forestry and 

fishery 
products

4,753 9.4 2,574 13.8 345 8.5 10,065 22.0 758 2.9

Food and 
beverage 
products

2,329 4.6 399 2.1 371 9.2 681 1.5 521 2.0

Subtotal 7,082 14.1 2,973 15.9 716 17.7 10,746 23.4 1,279 4.8

Produc-
tion 

Mineral 
products

25 0.1 13 0.1 620 15.3 7 0.0 7 0.0

Health-function
-al food

17,440 34.6 4,473 24.0 151 3.7 16,572 36.2 11,896 45.0

Non-food and 
beverage 
products

9,669 19.2 2,589 13.9 1,851 45.7 2,251 4.9 1,981 7.5

SOC 1,355 2.7 517 2.8 1 0.0 752 1.6 561 2.1

Other services 8,265 16.4 5,069 27.2 488 12.0 6,800 14.8 5,608 21.2

Subtotal 36,754 72.9 12,662 67.9 3,111 76.7 26,383 57.6 20,054 75.8

Sale

Wholesale and 
retail 

3,387 6.7 1,792 9.6 31 0.8 4,777 10.4 2,750 10.4

Transportation 
industry

1,434 2.8 575 3.1 189 4.7 1,396 3.0 706 2.7

Subtotal 4,821 9.6 2,367 12.7 220 5.4 6,174 13.5 3,456 13.1

Consump-
tion

Restaurants 1,158 2.3 333 1.8 7 0.2 1,728 3.8 914 3.5

Health and 
welfare

584 1.2 308 1.7 0 0.0 797 1.7 751 2.8

Subtotal 1,742 3.5 641 3.4 8 0.2 2,525 5.5 1,664 6.3

All industries 50,399 100.0 18,643 100.0 4,055 100.0 45,828 100.0 26,453 100.0

Table 10. Economic effect in each distribution stage of health-functional food industry 

11 According to the coefficient of employment and the coefficient of job creation for each industry analyzed above, the ratio of 

the job creation multiplier to the employment multiplier in the agricultural, forestry and fishery sector as of 2015 was 7.5%, 

which is about 1/10 the average of all industries of 71.9% or health-functional foods of 71.8%. The unique labor input structure 

of the agricultural, forestry and fishery sector raise the proportion of the raw material stage in the employment effect, but low-

ers the proportion of the raw material stage in the job creation effect.
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Category Wage Capital cost Tax Total

Raw 
material

Agricultural, 
forestry and 

fishery products
406 2,124 44 2,574

Food and 
beverage products

208 183 8 399

Subtotal 614 2,307 52 2,973

Produc-
tion

Mineral products 4 9 0 13

Health-functional 
food

1,809 2,605 59 4,473

Non-food and 
beverage products

1,039 1,528 23 2,589

SOC 320 193 4 517

Other services 2,542 2,436 91 5,069

Subtotal 5,714 6,770 177 12,662

Sale

Wholesale and 
retail 

977 800 15 1,792

Transportation 
industry

292 280 4 575

Subtotal 1,269 1,080 19 2,367

Consump-
tion

Restaurants 222 104 7 333

Health and 
welfare

228 80 1 308

Subtotal 449 184 8 641

All industries 8,046 10,340 256 18,643

Table 11. Detailed effect of added value for each ripple effect path of health-functional food industry 

unit: 0.1 billion won

5. Summary and Conclusion 

This study used a model making household consumption endogenous to measure the ripple 

effect of the health-functional food industry on the national economy and make an input-output 

analysis. A model was built to measure the economic ripple effect including the inducement 

effect as well as direct and indirect effects utilizing the model making household consumption 

endogenous. 
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The industrial input-output analysis reveals the health-functional food industry with a small 

imported material input coefficient to show a higher rate of domestically produced intermediate 

materials and supply input materials for production from Korea. Although the coefficient of 

employment and the coefficient of job creation were higher than other industry to imply great 

effects of employment or job creation, the ratio of the coefficient of job creation to the 

coefficient of employment was lower to show a vulnerable Industry structure with 

self-employment or small-scale enterprises. 

As of 2015, while the output multiplier of the health-functional food industry was 3.67, 

higher than the average of all industries of 3.31, the value-added coefficient was 0.26, lower 

than the average of all industries of 0.41. The employment multiplier and the job creation 

multiplier were 34.9 and 25.0 persons which are greater than 21.9 and 15.9 persons of the 

average of all industries. As described above, the reason for greater employment and job 

creation multipliers of the health-functional food industry is that the industry has greater 

employment and job creation effects, and the related industries including agricultural, forestry 

and fishery products and the sales industry including wholesale and retail, restaurants, health 

and welfare services have greater employment and job creation effects. The forward/backward 

linkage coefficient of the health-functional food industry was 0.39 and 1.11, respectively, 

implying the backward linkage coefficient is about three times greater than the forward linkage 

coefficient. This implies that the production of health-functional foods affects the production of 

other industries rather than being affected by production changes in other industries. 

On the other hand, the results of the simulation through the actual status data show that the 

economic ripple effect by one trillion 373.7 billion won of the final demand of the 

health-functional food industry was shown 5 trillion 33.9 billion won for production, one 

trillion 864.3 billion won for added values, and 405.5 billion won for import as of 2017. The 

employment and job creation scale was shown 45,828 and 26,453 persons, respectively. 

Concerning each ripple effect path, the direct production effect was one trillion 373.7 billion 

won (27.3%) for the final demand; the indirect effect was one trillion 863.4 billion won 
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(37.0%), and; the inducement effect was one trillion 802.8 billion won (35.8%). The ripple 

effect for each distribution stage was 708.2 billion won (14.1%) for raw materials; 3 trillion 

675.4 billion won (72.9%) for production; 482.1 billion won (9.6%) for sales; and 174.2 billion 

won (3.5%) for consumption. 

Generalizing the input-output analysis result described above, the health-functional food 

industry procures most intermediate materials produced in Korea for producing 

health-functional foods, and greater effects of employment and job creation are shown. 

Moreover, it has higher backward linkage effect to have greater economic ripple effects on 

industrial development of Korea than other industries as the health-functional food industry 

grows. However, many small-scale enterprises in the industry mean a vulnerable structure. 

For this study, input-output analysis was made about the impact on the Korean industry as the 

fast-growing health-functional food industry recently grows bigger. It is shown that the 

growing health-functional food industry has a positive impact on employment or the backward 

linkage industry. Therefore, supporting the health-functional food industry from the national 

perspective will play a positive role in the development of the national economy. From these 

findings, if the nation seeks more active support and nurturing measures for the health 

functional food industry that is rapidly growing in demand, not only will the health functional 

food industry itself develop, but also the national issues of job creation and other industries. By 

contributing significantly to development, it is expected to play a positive role in the 

development of the national economy.

This study is distinguishable from the existing studies by applying the Input-Output model to 

the economic effect analysis of health functional foods, which can analyze the inducement 

effect besides direct and indirect effects by considering endogenous income and consumption at 

the same time. Additionally, this analysis estimates the employment effect of health functional 

food industry which is not classified in the employment table of the Bank of Korea. In terms of 

policy utilization, not only the import goods and domestic goods of the intermediate input 

coefficient are classified, but also the added value coefficient was subdivided into labor, capital 
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and other parts. Simulation is fulfilled using recent actual sales data of health functional foods 

to get realistic results, so it is possible to utilize the results to recommend various policies by 

evaluating the effects of types of ripples and distribution stages.

Despite such distinction, this study has limitations in the following points. First, in the 

process of estimating the employment and the employer of health functional foods, there is a 

possibility of some error by using the proportion of the salary by industry to convert the 

standard of full-time workers. Second, the comparative static analysis between the two periods 

in 2010 and 2015 considered the change according to the time flow but did not consider the 

complete dynamic effect. Third, there will be much difference in the structure of the health 

functional food industry by region. However, the regional analysis is not carried out due to the 

limitation of the use of the regional industry-related table. It is expected to be improved in the 

future studies.
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1. Introduction

In the Philippines, the agriculture, fisheries, and forestry (AFF) sectors are pivotal in 

generating employment for about a third of the country’s labor force, thereby reducing poverty 

and inequality for three-fourths of the poor who are in the rural areas (NEDA 2016). The 

agricultural sector, employing about 30 percent of the Filipino workforce, accounts for 11 percent 

of the gross domestic product in the Philippines (World Bank 2014). However, the contribution 

of AFF to the country’s gross domestic product continued to decline in the past three years, 

showing an annual average GDP share of 10 percent from 2013 to 2015 (NEDA 2016).

In particular, crop subsector is pulling down the overall growth of the AFF sector in the 

Philippines; Its annual average gross value added (GVA) grew only by 0.2 percent from 2013 to 

2015, compared to a one percent increase of AFF (NEDA 2016). The reason for the low and 

poor performance in crop subsector was typhoons and El Niño that adversely affected rice 

production as well as farmers’ limited adoption of high-yielding varieties of commodities 

(NEDA 2016). In this regard, it is required to improve the agricultural productivity of the 

Philippines to cope with the increasing impacts of climate change and to drive overall economic 

development in the country. The crop production sector needs to be more productive and 

sustainable through farmers’ adoption of climate-resilient and improved agricultural 

technologies. 

The government of the Philippines has been making efforts to enhance the existing  extension 

system through the engagement of a pool of professional extension workers, aiming for 

shortening the lag from the research and development (R&D) to farmers’ adoption of 

agricultural technology. As prioritized areas for strengthening the extension system in the crop 

production sector, the government targets using certified seeds and quality planting materials, 

especially high-yielding and stress-tolerant rice varieties to drought and flood events (Cho 

2017). 
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As part of the efforts for enhancing farmers’ access to agricultural technology and education, 

the Department of Agriculture (DoA) has been operating Farmer Field Schools (FFS) in the 

rural areas of the Philippines, in cooperation with the Philippine Rice Research Institute 

(PhilRice) and local governmental units. Developed by the Food and Agriculture Organization 

(FAO) of the United Nations, FFS is a group-based learning process that has been used by 

several governments, NGOs, and international agencies, aiming at disseminating improved 

farming methods to farmers in developing countries (Cho 2017). FFS training is based on 

experimental learning: farmers learn agricultural practices in demonstration farms, visiting 

other farmers, and experimenting with their plots (Masset & Haddad 2015). By taking into 

account that a substantial number of small farmers have limited access to agricultural 

information and extension services in the Philippines, it is crucial to design and establish a 

suitable type of extension system. Also, it is essential to  measure the effects of FFS on farmers’ 

adoption of agricultural technology. 

The FFS should, however, be closely linked with the efficient monitoring and evaluation 

systems for enhancing accountability as well as the likelihood of timely and adequate service 

delivery (Masset & Haddad 2015). By considering the importance of monitoring the effects of 

FFS, this paper tries to identify factors affecting farmers’ willingness to adopt the 

drought-tolerant rice varieties introduced by the Consortium for Unfavorable Rice Environment 

(CURE) project in Pangasinan, the Philippines, by using ordered probit model (Cho 2017). Also, 

this study tries to measure the impact of FFS on the adoption to identify whether it has been 

operating as a proper extension tool in the region by using a propensity score matching method. 

This paper consists of the following four sections. First, farmers’ agricultural technology 

adoption will be discussed. Second, the project activities of CURE project and the agricultural 

extension services in the survey area will be explained. Third, the econometric model, as well as 

data collection and sampling method, will be specified. Lastly, this paper will show estimation 

results and draw implications for activating farmers’ use of drought-tolerant rice varieties and 

providing agricultural extension services to the farmers in the survey area in an effective way. 
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2. Farmers’ Technology Adoption in Agriculture

Farmers' adoption of agricultural technology has been a critical issue in many developing 

countries. Despite the advantages of the adoption, why has the adoption rate been low? 

Conceptual models employed for explaining the decision of small farmers to adopt new 

technology are classified into three groups: 1) the innovation-diffusion model; 2) the economic 

constraints model, and; 3) the technology characteristics-user’s context model (Negatu & 

Parikh 1999). According to the innovation-diffusion model used by Rogers (2010), technology 

is transferred from its research system to final users through extension system, and its diffusion 

mostly on the individual characteristics of the potential users (Negatu & Parikh 1999). The 

economic constraints model, also known as factor endowment model, explains the distribution 

of resource endowments among the potential users and the pattern of adoption of technological 

innovation, by emphasizing well-functioning markets and the importance of price policies 

(Hayami & Ruttan 1971). The technology characteristics-user’s context model assumes that 

characteristics of a technology underlying user’s agro-ecological, socioeconomic and 

institutional contexts play the central role in the adoption decisions and diffusion process 

(Biggs 1990; Thompson & Scoones 1994). 

The innovation-diffusion model highlights the research and extension system for the 

expansion of agricultural technology, pointing out that agricultural extension services facilitate 

farmers’ adoption of agricultural technology. Experience may enhance farming knowledge 

about his or her particular farm. At the same time, education may make farmers cope with the 

information provided by different sources more efficiently, and may enhance both the allocative 

and technical efficiency (Jamison & Lau 1982). Moreover, farmers within a group learn from 

each other how to grow new crop varieties (Conley & Udry 2000). The underlying motivation 

behind the effect of social learning on adoption decision is that a farmer in a village observes the 

behavior of neighboring farmers, including their experiment with new technology. Once a 
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year’s harvest is over, the farmer then updates his priors concerning the technology, which may 

increase his probability of adopting the new technology in the subsequent year (Uaiene, Arndt, 

& Masters 2009). For example, farmers with experienced neighbors are significantly more 

profitable than those with inexperienced neighbors (Foster & Rosenzweig 1995). 

When it comes to the economic constraints model, the distribution of resource endowments, 

including land, human, and asset resources, affects agricultural technology adoption among 

potential users. For instance, farm size leads to differential impacts on the adoption. Many 

empirical studies suggest that the use of high yield varieties (HYVs) and some modern variable 

inputs initially tend  to lag on smaller farms. This implies that the incidence of adoption of 

HYVs is positively related to farm size (Hans P Binswanger 1978; Weil 1970). However, 

several studies argued that smaller farms that initially lag behind larger ones in adopting HYVs, 

but eventually catch up the larger ones (Schluter 1971). 

Poorly functioning input and output markets reduce the profitability of technology (Cho 

2017). The availability of complementary inputs is an essential factor in explaining adoption 

patterns. For example, HYVs will not be adopted by most farmers unless both seeds and some 

fertilizers are available (Feder, Just, & Zilberman 1985). Regarding access to output markets, 

problems with infrastructure and with supply chains, compounded by weak contracting 

environments, make it more costly for farmers to access input and output markets and access the 

benefits from technology adoption (Jack 2013). 

The technology characteristics-user’s context model assumes that characteristics of the 

technology underlying user’s agro-ecological, socioeconomic, and institutional contexts 

influence their agricultural technology adoption (Cho 2017). The lack of tenure security, which 

may or may not requires formal titling arrangements, undermines incentives for long-term 

investment, including irrigation, fallowing, and planting tree crops (Ali, Deininger & Goldstein 

2014). If a farmer lacks formal title, it means that he or she cannot use land as collateral to 

borrow, and cannot sell land to raise financing for investment in technologies (Jack 2013). 

According to the conventional wisdom, renters would be likely to be concerned about the 
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short-term profitability of the land they rent, but less so about its long-term value. By contrast, 

owners-operators would be expected to care about both short-term profitability and the 

long-term value of their land (Ely & Wehrwein 1940). 

Also, the need to undertake fixed investments may prevent small farms from adopting 

innovation quickly, resulting in differential rates of adoption between farmers (Feder et al., 

1985). A study on the demand and access to fertilizer in Ethiopia based on the double-hurdle 

model highlighted the role of credit and subsidies (Croppenstedt, Demeke & Meschi 2003). 

Additionally, Deressa et al. (2009) showed that financial constraints are the main barriers to 

agricultural adaptation strategies in the Nile Basin of Ethiopia. 

In other respects, several studies tried to focus on farmers’ risk attitudes in explaining 

agricultural technology adoption. Efforts have been made to measure the risk preferences of 

farmers, assuming the expected utility theory (EUT) approach developed by Von Neumann and 

Morgenstern (1947). H. P. Binswanger (1980) used an experimental gambling approach with 

real payoffs to measure households’ risk attitudes in rural India. And Feder (1980) provided 

crop decision models and explained the role of risk aversion and credit constraints in the 

production decisions of farmers who grow both modern and traditional crops. 

On the contrary, several studies pointed out the limitations of the EUT approach and 

incorporated farmers’ risk references, by suggesting the prospect theory developed by 

Kahneman and Tversky (1979). Tanaka, Camerer, and Nguyen (2016) expanded the 

measurement of risk and time preferences beyond the one-parameter expected utility model with 

the prospect theory. In most cases, however, adoption behavior differs across socioeconomic 

groups over time, and most of the empirical works on the role of subjective risk is not yet rigorous 

enough to allow validation or refutation of available theoretical work (Feder et al. 1985). 

This study is distinctive on the following grounds. A substantial number of previous studies 

on farmers’ agricultural technology adoption have been focusing on the final level of adoption, 

which is defined as a situation when the farmer has full information about the new technology 

and its potential (Feder et al. 1985). On the contrary, considering the fact that the drought-tolerant 
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rice varieties explained in this paper are recently introduced in the survey area and that the farmers 

are not fully aware of the varietal function of the varieties, this study tries to suggest implications 

for facilitating farmers’ technology adoption at the early stage of adoption. For this purpose,  this 

study incorporated farmers who are willing to adopt the drought-tolerant rice varieties, by 

indicating them as potential adopters (Cho 2017). Also, measuring the impact of FFS with the 

propensity score matching method enables us to rigorously measure the effects of farmers’ access 

to agricultural extension services by supplementing the issue of non-randomization in the 

sampling process on the participants of FFS and the non-participants of FFS. 

3. CURE Project in Pangasinan, the Philippines

As a rain-fed low land area, Pangasinan is located in the west-central area of the island of 

Luzon in the Philippines (Figure 1). 

Figure 1. Location of Pangasinan in the Philippines

Source: Statemaster Website (June 16, 2019)
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With a population of about 2.9 million in 2015, Pangasinan consists of 44 municipalities, four 

cities, and 1,364 villages. Also, with a land area of about 537,000 hectares, about 44 percent of 

the total area of the region is used for agricultural production. Its principal crops include rice, 

mangoes, corn, and sugarcane. Rice is mainly cultivated in the wet season, and corn in the dry 

season in the region (PSA 2017). 

Funded by the International Fund for Agricultural Development (IFAD), the CURE project 

supported the development of stress-tolerant rice varieties and best crop management 

techniques to cope with the increasing impacts of climate change in the following countries: 

Cambodia, Lao PDR, Indonesia, the Philippines, Thailand, Vietnam, and Myanmar. Between 

2009 and 2013, the principal activity of the project in the first stage was to release new 

stress-tolerant rice varieties through on-farm trials at various stages of dissemination and 

adoption in drought, submergence, salinity, and upland ecosystem. (Cho 2017). At the second 

stage of the project between 2013 and 2018, the project mainly focused on identifying uptake 

and communication pathways for fast-track technology dissemination (IRRI 2015). 

The baseline survey of the CURE project performed by the International Rice Research 

Institute (IRRI) in 2013 showed that drought was one of the major problems in rice farming, and 

it occurred in certain months of the year in the area. A majority of farmers in the province 

experienced drought mostly from February to April. Moreover, about half of the farmers 

depend on  rainfall as a source of irrigation water and planting rice only during the wet season 

when rainfall is available. However, a majority of farmers employed several adaptation 

strategies after drought occurred, implying that most farmers have been responding to risks only 

when drought occurred. Also, farmers’ limited access to agricultural information and extension 

services was one of the main issues raised during the project in the Philippines. Because farmers 

in drought-prone environments live far away from agricultural offices and markets, their access 

to information, new technologies, and key inputs, such as new rice varieties were much more 

limited than for those who live nearby (IRRI 2015). 

Through the FFS, the Department of Agriculture (DoA) in the Philippines has been providing 
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farmers with agricultural technology information including seedling rate, timing and the right 

amount of fertilizer, basics of rice production, use of organic and inorganic fertilizer, and 

integrated pest management (IPM). Recently, the DoA has been managing the Local Farmer 

Technician (LFT) system to solve the lack of extension workers. Consisted of farmers who had 

graduated from FFS, the LFTs receive agricultural technology education from the Agricultural 

Technology Institute (ATI) and provide the agricultural information to local farmers during the 

FFS. Furthermore, the DoA has been managing demonstration plots in cooperation with the 

LFT. The purpose of operating the demonstration plots is to disseminate newly developed crop 

varieties to local farmers, by reducing their risk attitudes on the varieties. The LFTs have been 

managing demonstration plots in the rural villages and receiving newly developed rice varieties 

from the DoA free of charge. The local farmers exchange or purchase the varieties with the 

LFTs if they are willing to plant the varieties. In our survey area, the LFTs system started in 

2014, and two of the LFTs are working in each village at the time of the survey (Cho 2017). 

Manaoag (Nalsian), Mapandan (Luyan), and Malasiqui (Pasima), which is the survey area of 

this study, were targeted as dissemination sites of the drought-tolerant rice varieties by the 

Philippine Rice Research Institute. Developed by the PhilRice and International Rice Research 

Institute (IRRI) for the CURE project, four types of the drought-tolerant rice varieties were 

distributed in the area as follows: National Seed Industry Council (NSIC) 280; NSIC Rc 282; 

NSIC Rc 346, and; NSIC Rc 348. In particular, the PhilRice distributed the drought-tolerant 

rice varieties to the LFTs in each village at the period of the FFS on Sustainable Rice Production 

in Rain-fed Areas in the wet season of 2016. At the time of the survey, the project was in the 

stage of dissemination and several farmers have exchanged or purchased the drought-tolerant 

rice varieties from the LFTs (Cho 2017). 
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4. Model

The ordered probit model is a generalization of the probit in the case of more than two ranked 

outcomes of an ordinal dependent variable. McKelvey and Zavoina (1975) used this model to 

identify ranked dependent variables. The maximum likelihood method enables us to get an 

asymptotically efficient estimator. The model begins as

   ′   (1)

 is unobserved. what we can observe is,  , and it can be written as 

   i f  ≤ 

  i f    ≤ 

  i f    ≤ 



  i f     

(2)

Farmers’ willingness to adopt the drought-tolerant rice varieties () is determined by certain 

measurable factors ( ), including unobservable factors ( ) that is assumed to be generally 

distributed across observations and the mean and variance of are normalized to zero and one. 

The following probabilities are induced: 

Pr       ′

Pr       ′   ′

Pr       ′   ′



Pr           ′

(3)

 is the cumulative normal distribution function. In the probit model, the sign of parameters 

 shows whether the latent variable () increases or decreases with the regressors ( ). The 

marginal effects can be explained as each unit increase in the independent variable increases or 

decreases the probability of selecting alternative  and is expressed as a percentage. (Greene 2018). 

On the other hand, based on Caliendo and Kopeinig (2008), the treatment effect () for each 

individual  , can be defined as
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            (4)

where     is a potential outcome when individual  is treated(  ) and 

   is a potential outcome when individual  is not treated(  ). Then, average 

treatment effect( ) can be written as 

         . (5)

Average treatment effect on the treated() which is regarded as the average causal effect 

can be expressed by 

                       (6)

The second term,     is called the counterfactual mean for those being treated 

and is not observed. 

By considering Angrist and Pischke (2009), the comparison of (observed) average treatment 

effect ( ) is formally linked to the average casual effect () such as

                 

 

       


(7)

If selection bias becomes zero or if the treatment is random regardless of its baseline status in 

an experimental study, then its (observed) average treatment effect becomes an average casual 

effect (average treatment on the treated). 

For this study, however, the propensity score matching method is used to overcome the issue 

raised from random-sampling in the data. It is plausible that farmers’ participation in the FFS 

(treatment) is not random, which could result in a biased estimator in the ordered probit model. 

Developed by Paul Rosenbaum and Donald Rubin in 1983, the propensity score is the 

probability of being treated conditional on observed baseline characteristics. The propensity 

score allows one to design and analyze an observational (non-randomized) study so that it 

mimics some of the particular characteristics of a randomized controlled trial (Austin 2011). 
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That is, PSM reduces selection bias by only comparing groups of participants of FFS and 

non-participants of FFS (‘treated’ and ‘untreated’ subjects in the terminology of the impact 

evaluation literature) that are sufficiently similar based on observable characteristics 

(Wainaina, Tongruksawattana & Qaim 2017).

5. Sampling and Data Summary

The respondents are classified into two groups; 1) farmers who participated in the FFS and as 

well graduated from the educational program of Sustainable Rice Production in Rain-fed Areas 

(SRPRA), which took place in the wet season of 2016 and 2) those who did not. The 

participants of FFS are farmers who graduated from the FFS by completing the SRPRA 

program in 2016 and have been cultivating rice in Manaoag (Nalsian), Mapandan (Luyan), or 

Malasiqui (Pasima). The non-participants of FFS are farmers who did not join the FFS or did 

not attend the SRPRA program yet, but cultivate rice in one of the three villages. For sampling, 

in coordination with the DoA, this study produced and validated the lists of participants and 

non-participants of the FFS. Before the survey, this study randomly selected respondents who 

would be interviewed in this study from the participants of FFS and the non-participants of FFS 

groups in each village. A total of 151 farmers engaging in rice farming activities in Manaoag 

(Nalsian), Mapandan (Luyan), or Malasiqui (Pasima) were interviewed from 9th to 15th 

February 2017. Among them, 76 farmers were participants and 75 farmers were 

non-participants of the FFS (Table 1). The Surveybe, a computer-assisted personal interview 

(CAPI) software, was used to conduct the survey (Cho 2017). 
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Table 1. Sampled Households in Pangasinan

Municipality Village
Type of respondent

Total
Participant of FFS Non-Participant of FFS

Mapandan Luyan 25 34 59

Manaoag Nalsian 25 16 41

Malasiqui Pasima 26 25 51

Total 76 75 151

1) As of 2015, from the Philippines statistics, the population from Mapandan, Manaoag and 

Malasiquia are 37,059, 69,497, and 123,566, respectively. 

Table 2 summarizes the measurement unit and the expected sign of the coefficients on the 

variables above. As a dependent variable, farmers’ willingness to adopt the drought-tolerant 

rice varieties is classified into the following three categories: adoption, willingness to adopt, 

and non-adoption. The adopters are farmers who planted the drought-tolerant rice varieties or 

those who received or purchased them but did not plant yet. Those who have never received or 

purchased the drought-tolerant rice varieties but interested in planting them on their farm are 

defined as farmers who are willing to adopt the varieties. Lastly, the non-adopters are farmers 

who never received or purchased the drought-tolerant rice varieties and do not need them on 

their field (Cho 2017). 

Independent variables are selected based on previous studies and our hypothesis on farmers’ 

adoption of the varieties in the area. Dummy variables on the villages and the gender of the 

household head were reflected. By taking into account that female household heads lag in 

adopting agricultural technology because of their limited access to inputs and information, the 

expected sign of the coefficient on the female household head is negative (Quisumbing 1995). 

Also, farmers are more favorable in receiving new agricultural information as they engage in 

farming activities longer. Therefore, a positive relationship is hypothesized between the 

farming experience of household heads and their adoption of agricultural technology (Cho 

2017). 

As a measurement of labor availability, this study included the number of household 

members by the gender of household members and their engagement sectors. The expected sign 
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of the coefficient on the number of household members is indeterminate since labor availability 

could affect farmers’ decisions for adopting new agricultural practices, depending on the 

characteristics of the new technologies (Cho 2017). In some cases, new technologies are 

relatively labor-saving, while others are labor-using. HYVs technology requires more labor 

inputs and labor shortages may prevent its technological adoption (Feder et al. 1985). 

In general, education enables farmers to increase the ability to perceive, interpret, and 

respond to new information much faster than their counterparts without education (Feder et al. 

1985). Therefore, this study hypothesized a positive relationship between the educational level 

of the household and the probability of adopting the new technology. Farmers’ perception and 

experience of weather events may affect their decision behavior by changing their risk attitude. 

Cameron and Shah (2015), for example, demonstrate that although natural disaster imparts no 

new information, it could affect farmers’ behavior and agricultural practices through the impact 

on estimates of background risk. Given the rice production in the survey area has been impacted 

by El Niño steadily, this study hypothesized the number of months farmers experienced drought 

events affect farmers’ willingness to adopt the drought-tolerant rice varieties (Cho 2017). 

Capital, in the form of either accumulated savings or access to capital markets, is required to 

finance many new agricultural technologies (Feder et al. 1985). For the examination of farmers’ 

asset information, this study collected the information on farm implements and machinery as 

well as household durables currently owned or sold during the last 12 months. The expected 

sign of the coefficient on the asset variable is positive. 

Farm size was reflected as an independent variable, being assumed to have a positive impact 

on farmers’ agricultural technology adoption. In the Philippines, 5.56 million farms/holdings 

covering 7.19 million hectares, which is translated to an average area of 1.29 hectares per 

farm/holdings increased from 1980 to 2012 by 62.6 percent, as the mean area of farm/holdings 

decreased from 2.84 hectares per farm/holding in 1980 to 1.29 hectare per farm/holding in 2012 

(PSA 2012). This trend accounts for the partitioning of farmers/holdings from one generation of 

agricultural holders/operators to their succeeding generation in the Philippines. For 
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representing farmers’ tenure status, this study reflected the proportion of farmland owned by the 

household member of the total farmlands owned or cultivated by the household head during the 

last 12 months. A positive relationship is hypothesized between the proportion of farmland 

owned by household head and their adoption of the drought-tolerant rice varieties. The reason is 

that empirical studies find that farmers’ tenure status could affect their technology adoption 

positively, conceptualizing the tenure status in different ways (Belknap & Saupe 1988; Rahm & 

Huffman 1984).

The constrained access to credit figures prominently among the reasons often cited for why 

technology fails to diffuse (Feder et al. 1985). Therefore, improving farmers’ access to credit 

could provide them with opportunities for adopting the new agricultural technology. This study 

investigates farm households’ borrowed money from the formal and informal sector during the 

last 12 months as well as the amount of money they borrowed. This study hypothesized a 

negative relationship between the total amount of money borrowed from the informal sector 

and their adoption (Cho 2017). 

In examining the access to markets for inputs and outputs, some of the information needs to 

be at the level of individual farmers-such as how far they have to go to the nearest local market, 

measured in miles, kilometers, time, or cost (Doss 2006). This study measured farmers’ access 

to input and output markets for rice farming activities by using the closest distance from their 

house to input markets and output markets, respectively. In general, the further away a farm or 

household is from input and output markets, the smaller is the likelihood that they will adopt 

new technology (Cho 2017).

Farmers’ access to agricultural extension services is examined by asking whether they 

attended FFS on SRPRA in the 2016 wet season. The network effects are essential  for farmers’ 

decisions in making agricultural innovations, sharing information, and learning from each other 

(Foster & Rosenzweig 1995). Therefore, the coefficient of the years of residence in the current 

village, which was used as a proxy variable for representing the degree of farmers’ social 

networks, is expected to be positive. 
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Table 2. Expected Sign of the Coefficients

Category Variable Measurement Expected sign

Village dummy Village dummy Dummy Indeterminate

Household head Age of household head Years Indeterminate

Household head
Gender of household head (0=male/ 

1=female)
Dummy Negative

Household head
Marital status of the household head 

(0=single, divorced, widow/ 1=married, 
living in)

Dummy Positive

Farming experience Years of farming Years Positive

Household labor 
availability

Number of household members
(by gender/engagement sector)

Number Indeterminate

Household head Years of education received Years Positive

Farmers’ perception and 
experience of weather 

events

Number of months experiencing 
drought

Number Positive

Farmers’ asset
Total value of farm assets and 

household durables
PESO Positive

Farm size
Total farm size

(including own and tenant status)
ha Positive

Tenure status Proportion of land owned Number Positive

Access to credit
Total amount of money borrowed 

from informal sectors 
PESO Negative

Access to input market
Closest distance from house to input 

trader
km Negative

Access to output market
Closest distance from house to output 

trader
km Negative

Access to agricultural 
extension service

Participation in FFS (0=No/1=Yes) Dummy Positive

Farmers’ social 
networks

Years of residence in current villages Years Positive

This study divides farmers into three categories; 1 for non-adopters, 2 for willing to adopt, 

and 3 for adopters. Since the drought-tolerance rice varieties from the CURE project is recently 

introduced to the public, it takes a while for farmers to get it. Therefore, “willing to adopt” is 

added to distinguish the non-adopters from the farmers with the willingness to buy it. In the 

Table 3, which shows the descriptive statistics, 15% of them never received or purchased the 

drought-tolerant rice varieties and do not need them on their farm. About 77% of them has 

never received or purchased the drought-tolerant rice varieties, but they are interested in 

planting the varieties on their farm. Only about 8% of the respondents have planted the 
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drought-tolerant rice varieties on their farm or have received or purchased them but did not 

plant them on their farm yet.

Of the total 151 farmers interviewed in this study, over 91% of the household head is 

primarily working on agricultural farms. Their average age is 51 years, and about 83% of 

household heads are male. About 88% of the total farmers are married or living together with 

their spouses. They have been engaging in farming activities for an average of 26 years and 

received an average of 10 years of education. The average number of household members is 

five, and the number of household members engaged in agricultural activities is higher than that 

of the non-agricultural sector in both male and female-headed household groups. 

About 93% of the farm households replied that they experienced drought events over the last 

five years. Notably, about 91% of them responded that the drought events negatively impacted 

on their farming activities. On average, they experienced droughts over two months, most 

severely between March and April, following between July and August. 

The average value of household durables is about 521,000 peso, and that of farm 

implements/machinery is about 430,000 peso. The most critical assets in the survey area were 

residential lot and house as well as farmland, which are mostly inherited from parents in the 

Philippine society. The average size of farmland owned and cultivated is 1.2 ha, slightly higher 

in Manaoag. 

Regarding the tenure status of the farm households, farmlands in the survey area are 

classified into self-own, rented-in, or share-crop status. About 25% of farmlands surveyed in 

our study are owned by the farmers. Furthermore, the way to borrow money was classified into 

the formal and non-formal sectors. The former includes banks, traders, NGOs, government, or 

credit cooperatives. The latter consists of relatives, friends, employers, or informal credit. 

About 44% of the respondents borrowed money from the informal sector during the last 12 

months, with an average amount of about 11,000 pesos. 

The average closest distance from their house to input trader and output trader is about 

2.62km and 1.66km, respectively. The average distance from farmer’s house to input traders is 
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longer than the average distance from their house to output traders in the survey area. Several 

farmers in the survey area sell their outputs to the traders who visit directly to their farmland. 

They prefer this way of trade because it could reduce the time and costs of going to the output 

markets. Regarding farmers’ access to agricultural extension services, about 49% of them 

participated in the FFS for one to two times. On average, farmers have been living in their 

current residential villages for 40 years.

Table 3. Descriptive Statistics

Variables Obs Mean
Std.
Dev.

Min Max

Adoption status 1 =  23 obs   (15%)
2 = 117 obs  (77%)
3 =  11 obs   (8%)

151 1.92 0.47 1.00 3.00

Pasima household 151 0.34 0.47 0.00 1.00

Luyan household 151 0.39 0.49 0.00 1.00

Nalsian household 151 0.27 0.45 0.00 1.00

Age of household head 151 51.23 13.77 22.00 82.00

Gender of household head (0=male/1=female) 151 0.17 0.38 0.00 1.00

Marital status of household head (0=single, divorced, 
widow/ 1=married, living in)

151 0.88 0.33 0.00 1.00

Years of farming 151 25.58 14.50 2.00 60.00

Number of males engaged in agricultural sector 151 1.28 0.74 0.00 5.00

Number of females engaged in agricultural sector 151 0.50 0.55 0.00 2.00

Number of males engaged in non-agricultural sector 151 0.60 0.79 0.00 4.00

Number of females engaged in non-agricultural sector 151 0.49 0.82 0.00 5.00

Years of education received  151 9.90 2.94 3.00 21.00

Number of months experiencing drought 151 1.82 1.25 0.00 6.00

Log (total value of farm assets and household 
durables, peso)

151 12.54 2.12 0.00 16.62

Total farm size (including own and tenant status, ha) 151 1.2 1.24 0.05 9.00

Proportion of land owned 151 0.25 0.41 0.00 1.00

Log (total amount of money borrowed from informal 
sector)

151 5.74 4.81 0.00 11.92

Distance from house to input trader (km) 151 2.62 2.18 0.00 11.00

Distance from house to output trader (km) 151 1.66 2.51 0.00 20.00

Participation in FSF (0=No/1=Yes) 151 0.50 0.50 0.00 1.00

Years of residence 151 39.70 21.11 1.00 82.00
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6. Ordered Probit and Propensity Score Matching

Table 4 provides the estimation results where the dependent variable is ranked from one 

(non-adoption) to two (willing to adopt) and three (adoption) so that positive coefficients mean 

a positive relationship with farmers’ willingness to adopt the drought-tolerant rice varieties. 

The chi-square (�2) test for the parallel line assumption is 22.9702 with 20 degrees of freedom 

(P-value is 0.2903), so that it fails to reject the null hypothesis of the parallel line assumption, 

which means that this results of one set of coefficients with two intercepts would be sufficient.  

Farmer’s perception and experience of drought events are positively related to their adoption 

willingness, implying that they are more likely to adopt the drought-tolerant rice varieties as the 

number of months affected by drought increases. Farmers realize the necessity of planting the 

drought-tolerant rice varieties as they are exposed to adverse impacts of drought events. This 

experience improves their understanding of drought phenomenon and the function of the 

drought-tolerant rice varieties. In this regard, as expected, the severity of experiencing drought 

events positively affects farmers’ willingness to adopt drought-tolerant rice varieties. 

Farmers’ assets are positively related to their adoption status, showing that they are more 

likely to adopt the drought-tolerant rice varieties as the value of their household durables and 

farm assets increases. The accumulation of savings led to farmers’ invest in capital in new 

technologies. Therefore, the positive relationship between farm and household assets and the 

adoption status is consistent with our expected results. 

Access to credit affects farmers’ adoption status of drought-tolerant rice varieties, but the 

sign of the coefficient is different from our expected results. As the amount of money borrowed 

from informal sector increases, they are more likely to adopt the drought-tolerant rice varieties. 

Access to input markets for rice farming activities affects farmers’ adoption status. As the 

distance from the house to input trader increases, they are more likely to adopt the drought 

tolerant rice varieties.
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Farmers’ participation in the FFS positively affects their adoption status as expected. The 

farmers attain information about agricultural technology such as seedling rate, the amount of 

fertilizer, and IPM through FFS. Moreover, newly developed crop varieties are introduced 

during the implementation period of the FFS. It provides the farmers with opportunities to learn 

knowledge about the function of the newly developed crop varieties, by reducing their risk 

attitudes on the varieties. 

The longer farmers live in their current residential village, the higher  the likelihood of adopting  

drought-tolerant rice varieties. In this study, the years of residence were  used as a proxy variable, 

which represents farmers’ social networks. It was expected that the farmers would communicate 

or interact with their neighbors more actively as their residential years’ increases. It could 

facilitate the exchange of information about farming activities among neighboring farmers. 

This paper reflected fixed effects on the residential areas. The estimation results show that 

farmers living in Pasima village and Luyan village are less likely to adopt drought-tolerant rice 

varieties, compared to the farmers living in Nalsian village, which was set as a reference 

variable in the residential areas. 

In terms of the household labor force, farmers are less likely to adopt the drought-tolerant rice 

varieties as the number of female household members engaged in the agricultural sector increases 

within their family. It implies that households with a large number of women members involved 

in the agricultural sector are reluctant to adopt the drought-tolerant rice varieties. The structure of 

the labor force by gender in the household affects farmers’ adoption of the drought-tolerant rice 

varieties. Female farmers might lack information on drought-tolerant rice varieties relatively and 

it makes them become negative or unfamiliar with drought-tolerant rice varieties. 

Access to the output market affects the adoption status as expected. Farmers are less likely to 

adopt the drought-tolerant rice varieties as the distance from their house to output market 

increases. It shows that farmers consider their access to output market importantly in adopting 

new varieties for their sales. On the other hand, the distance to the input market affects 

positively on the adoption status, which is opposite to our hypothesis. It is interpreted in this 
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way. Farmers in Pangasinan are not used to getting new information on rice varieties due to the 

distance from the input market so that they are more likely to adopt the new information when 

they receive it. 

Table 4. Determinants of Farmers’ Adoption of the Drought-tolerant Rice Varieties in Pangasinan, the 

Philippines

Dependent Variable: 
Non-adoption(Y=1), Willing to adopt (Y=2), Adoption(Y=3)

Estimates

Pasima
-1.476***

(0.441)

Luyan
-0.520
(0.390)

Nalsian -

Age of household head
-0.0108
(0.0193)

Gender of household head
0.590

(0.489)

Marital status of household head
-0.396
(0.571)

Farming experience
-0.00516
(0.0146)

Number of males engaged in agricultural sector
0.252

(0.209)

Number of females engaged in agricultural sector
-0.587**

(0.281)

Number of males engaged in non-agricultural sector
-0.0890
(0.197)

Number of females engaged in non-agricultural sector
0.190

(0.205)

Education of household head
0.0319

(0.0491)

Number of months experiencing droughts
0.325**

(0.130)

Log of household durables and farm assets 
0.136**

(0.0668)

Total farm size
-0.0481
(0.140)

Proportion of farmland owned
-0.784**

(0.392)

Log of the amount of money borrowed from the informal sector
0.0810**

(0.0347)
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(Continued)

Dependent Variable: 
Non-adoption(Y=1), Willing to adopt (Y=2), Adoption(Y=3)

Estimates

Distance from house to input trader
0.153**

(0.0684)

Distance from house to output trader
-0.231***

(0.0811)

Years of residence
0.0265***

(0.00973)

Participation in FFS
1.151***

(0.336)

Constant cut1
1.133

(1.310)

Constant cut2
5.380***

(1.432)

Observations 151

Test for the Equal Slopes Assumption 22.9702

Note 1: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1, NN of adopter=11, NN of 

partial-adopter=117, NN of non-adoptor=23

Note 2: Chi-Square statistics for the parallel line assumption is 22.9702 with 20 degrees of free-

dom (P-value is 0.2903) so that it fails to reject the null hypothesis of the parallel line 

assumption. 

Table 5 shows the marginal effects on each adoption status estimated from the ordered-probit 

model. When it comes to the effects of FFS, the participants of FFS are more likely to adopt the 

drought-tolerant rice varieties (9.9%), compared to the non-participants of FFS.

Table 5. Marginal Effects in Ordered-Probit Model

Dependent Variable: Adoption Status
Non-adoption

(Y=1)
Willing to 

adopt (Y=2)
Adoption(Y=3)

Participation in FFS
-0.144***

(-3.42)
0.0446
(1.50)

0.0990**

(3.08)

Pasima
0.184***

(3.59)
-0.0573
(-1.58)

-0.127**

(-2.96)

Luyan
0.0649
(1.34)

-0.0202
(-1.05)

-0.0447
(-1.31)

Age of household head
0.0013
(0.56)

-0.0004
(-0.55)

-0.0009
(-0.55)

Gender of household head
-0.0736
(-1.22)

0.0229
(1.01)

0.0507
(1.18)
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(Continued)

Dependent Variable: Adoption Status
Non-adoption

(Y=1)
Willing to 

adopt (Y=2)
Adoption(Y=3)

Marital status of household head
0.0494
(0.69)

-0.0154
(-0.64)

-0.0340
(-0.69)

Farming experience
0.0006
(0.35)

-0.0002
(-0.34)

-0.0004
(-0.35)

Number of males engaged in agricultural sector
-0.0314
(-1.21)

0.0098
(1.00)

0.0217
(1.18)

Number of females engaged in agricultural sector
0.0733*

(2.07)
-0.0228
(-1.27)

-0.056*

(-2.04)

Number of males engaged in non-agricultural 
sector

0.0111
(0.45)

-0.00345
(-0.44)

-0.0077
(-0.45)

Number of females engaged in non-agricultural 
sector

-0.0237
(-0.92)

0.00735
(0.77)

0.0163
(0.94)

Education of household head
-0.004
(-0.65)

0.0012
(0.59)

0.0027
(0.65)

Number of months experiencing droughts
-0.0406*

(-2.53)
0.0126
(1.39)

0.0280*

(2.40)

Log of household durables and farm assets 
-0.0170*

(-2.09)
0.00528
(1.35)

0.0117
(1.94)

Total farm size
0.006
(0.34)

-0.0019
(-0.33)

-0.0041
(-0.35)

Proportion of farmland owned
0.0978*

(2.04)
-0.0304
(-1.33)

-0.0674
(-1.91)

Log of the amount of money borrowed from the 
informal sector

-0.0101*

(-2.35)
0.0031
(1.36)

0.0070*

(2.23)

Distance from house to input trader
-0.0191*

(-2.35)
0.0060
(1.46)

0.0132*

(2.07)

Distance from house to output trader
0.0288**

(2.97)
-0.0090
(-1.51)

-0.0199*

(-2.57)

Years of residence
-0.0033**

(-3.00)
0.0010
(1.62)

0.0023*

(2.41)

Note: Total observations are 151. t-statistics are in parenthesis, *** p<0.01, ** p<0.05, * p<0.1

Developed by Rosenbaum and Rubin in 1983, propensity score matching estimators are 

widely in evaluation research to estimate average treatment effects to reduce selection bias 

(Abadie & Imbens, 2016). The observational study lacks randomization so that statistical 

inferences are usually corrected by considering both observed or unobserved effects of 

covariates. If a specific case  has a higher chance of being selected for a specific treatment, the 

characteristics for that case can affect statistical results. Hence, this method is used for 
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controlling covariate imbalance that produces the selection bias,  and the propensity score is 

defined as the conditional probability of assignment to a treatment given a vector of covariates 

(Lee 2016). 

In conducting the propensity score matching method, the test of balancing property of the 

propensity was conducted. The optimal number of blocks is five, which ensures that the mean 

propensity score is not different for treated and controls in each block. Also, the balancing 

property is satisfied. As a matching algorithm, the nearest neighbor (NN) matching was used, 

and the number of matches per observation was one. In NN matching, the individual from the 

comparison is chosen as a matching partner for a treated individual that is closest regarding the 

propensity score (Caliendo & Kopeinig 2008). 

It is assumed that the farmers who planted drought-tolerant rice varieties or received or 

purchased them but did not plant are considered to adopt the new varieties as adoption behavior. 

Table 6 shows the average treatment effect (ATE) and the average treatment effect on the treated 

(ATET) estimated from the PSM method. The ATE is the average response to treatment for a 

random sample from the population. On the other hand, the ATET is the average response to 

treatment for a sample of individuals for whom the treatment is intended. Both are the same when 

selection bias is zero and calculated by using STATA command of “teffects psmatch”. According 

to the estimation results, farmers’ participation in FFS increases their adoption behavior by 

26.5% on average and by 19.7% for those whom the FFS is intended through the SRPRA 

program. The results enhance the positive effects of FFS on farmers’ adoption, in consideration of 

the issue raised from the possibility of non-randomization in the sampling process.

Table 6. Average Treatment Effect and Average Treatment Effect on the Treated from the Propensity 

Score Matching

Outcome: adoption_status ATE ATET

Participation in FFS
0.265***

(0.0445)
0.197***

(0.0661)

Note: Total observations are 151. Standard errors are in parentheses, *** p<0.01
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7. Conclusion and Policy Implications 

Comparing the size of the marginal effects from the ordered probit model allows for 

prioritizing ways for facilitating farmers’ adoption of the drought-tolerant rice varieties in the 

survey area. First of all, it is necessary to find ways to increase farmers’ adoption of the 

drought-tolerant rice varieties by villages. As shown in the estimation results, farmers in Pasima 

and Luyan are less likely to adopt the drought-tolerant rice varieties compared to the farmers in 

Nalsian. Therefore, the PhilRice in charge of providing new rice varieties in the Philippines 

needs to increase the availability of the newly developed rice varieties among farmers, and the 

DoA needs to provide the farmers with the information about the varieties through FFS. 

According to the interviews with municipal agriculturists in the survey area. The availability of 

the seeds is the most significant obstacle in facilitating farmers’ adoption of the 

drought-tolerant rice varieties (Cho 2017). 

Along with the efforts for increasing the supply of seed inputs, the role of LFTs should be 

enhanced for sharing the advantages of cultivating the drought-tolerant rice varieties in the 

survey area. The LFTs have been playing an essential role in disseminating agricultural 

technologies and solving the lack of farmer’s access to local agricultural extension services. As 

the LFTs are local farmers who completed the FFS, they will be likely to interact with farmers 

more closely and frequently than local government officials do. This could stimulate farmers to 

learn from their neighbors. In this regard, by utilizing the demonstration plots in each village, 

the LFTs needs to reduce farmers’ risk attitudes on the drought-tolerant rice varieties and 

exchange the seeds with them more actively.

Second, it is recommended to deliver the information on the varietal information and the 

cultivation method of the drought-tolerant rice varieties to the farmers through the FFS. In the 

survey area, the combined efforts of disseminating the varieties and providing agricultural 

technology education through the FFS are useful for improving farmers’ awareness of the 
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varietal function and how to use the seed inputs. In particular, given that female farmers have 

limited availability on the drought-tolerant rice varieties, it may be useful to provide farm 

households consisted of a higher number of female farmers with agricultural practices on the 

varieties. Furthermore, encouraging the non-participants of FFS to join the FFS will be useful 

for reducing farmers’ risk attitudes on the newly developed rice varieties. It is vital to design the 

effective agricultural extension services that include educating agricultural practices and 

delivering agricultural inputs, based on the understanding of the local socio-economic and 

agricultural conditions.

Third, by creating market channels for agricultural products, farmers’ access to output 

markets can be secured. At present, in the survey area, several farmers are using the 

drought-tolerant rice varieties for their self-consumption because the amount of seeds provided 

from the PhilRice is insufficient for them to produce enough rice to sell at the markets. If new 

seeds are not secured in the market, farmers are not likely to cultivate the varieties even though 

the yield is high. It shows the importance of creating linkages between farmers’ adoption of 

climate-resilient agricultural practices and their increase in income. Moreover, utilizing 

farmers’ social networks might be useful for disseminating information about drought-tolerant 

rice varieties, encouraging them to learn from their neighbors. Supporting farmer organization 

or cooperative in charge of producing the rice varieties may useful for achieving the economy 

of scale of the drought-tolerant rice varieties, thus contributing to increasing farmers’ 

bargaining power at the output markets.

Lastly, considering that the difference in household assets is high among the surveyed 

farmers, the inequality of assets among farmers should be reduced in the survey area. Those 

implications will help facilitate farmers’ use of the drought-tolerant rice varieties at the initial 

stage of agricultural technology adoption in Pangasinan, the Philippines. Also, this study can be 

utilized as baseline information for the CURE project. Further studies are required on the 

soundness of measuring the effects of farmers’ participation in the FFS or adoption of the 

drought-tolerant rice varieties on the increase in their yield and income (Cho 2017).
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② Submitted manuscripts should be academic papers in Korean or English on topics in-
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gional development, and international trade policy.

Article 17 (Length of Manuscript) ① The length of a manuscript should not exceed 20 
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Article 19 (Indication of Authorship) If a paper is written by two or more authors, the first 

author should be indicated first among the authors, and the other authors should be list-

ed in order of their contribution to the writing of the paper.

Article 20 (Receipt of Manuscript) ① Manuscripts for the JRD are received all year round.

② The file of a manuscript should be sent to the following e-mail address: journal@ 

krei.re.kr. 

③ Submitted manuscripts will not be returned.

Article 21 (Transfer of Copyright) The copyright of a manuscript accepted for publication is 

transferred to the Institute, and the author of the manuscript shall sign and submit a 

form. The Institute holds the rights to publish, distribute, or print the manuscript in an-
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other medium.

Chapter 5. Examination

Article 23 (Appointment of Referees and Sending of Manuscript) ① Every submitted 

manuscript should be checked through “Copy Killer,” the plagiarism checking system 

operated by the Institute, and through “Paper Similarity Check” operated by the National 

Research Foundation of Korea. Then, for every submitted manuscript, the chairperson 

of the Editorial Board appoints three referees among the candidates recommended by 

board members. The candidate referees must be experts in the field concerned 

(amended April 2017).

② In selecting the referees, high regard should be given to fully consider the academic 

speciality concerned. And to secure fairness in the examination process, an expert at 

the same institution as the submitter must not be selected as a referee (amended 

April 2017).

③ The personal information of the author cannot be disclosed in the manuscript under 

examination.

Article 24 (Examination of Manuscript) ① The referee should disclose his or her assess-

ment of a submitted manuscript by marking it with one of the following four grades: 

‘approve,’ ‘approve after revision,’ ‘reexamination after revision,’ or ‘disapprove.’ In ad-

dition, the referee must prepare a referee report and submit it to the Editorial Board by 

a given date.

② If there arises a need to advise a revision of the manuscript, the referee must specifi-

cally state the contents to be revised.

③ If the referee wishes to grade the manuscript as ‘disapprove,’ he or she must state 

the reason in detail.

Article 25 (Examination Criteria) ① The referee should review the manuscript according to 

the following criteria: 

1. Originality: Is the research topic or the method of analysis and approach new and orig-

inal?

2. Suitability of Research Method: Are the topic, methods of analysis, and approaches 

appropriate?

3. Logic and Consistency of Reasoning: Are the composition and reasoning logical and 

appropriate?
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4. Feasibility and Objectivity of Analysis and Assessment: Is the analysis valid and based 

on reliable and objective data?

5. Academic Contribution: Is the research expected to contribute to academic progress?

6. Accurateness: Are bibliographical materials and data correctly quoted and refer-

enced?

7. Completeness of Composition Elements: Does the manuscript have all the necessary 

composition elements, such as keywords, abstract in Korean or English, introduction, 

body, conclusion, and references?

8. Adherence to the Code of Ethics: Did the author observe the research ethics specified 

in Chapter 6?

Article 26 (Management of Examination Results) ① If the referee’s assessment turns out 

to be ‘reexamination after revision,’ then the Editorial Board should request the author 

to amend the manuscript and submit a reply in response to the referee report. The Board 

should ask for reexamination when it receives the reply and the revised manuscript.

② If the referee's assessment is ‘approve after revision,’ then the Board should request 

the author to revise the manuscript and submit a reply in response to the referee report. 

In this case, the revised manuscript shall be reviewed by the same referee.

③ If the referee gives a ‘disapprove’ grade, then the same referee should be exempt 

from the reexamination task. 

Article 27 (Appraisal of Examination Results) ① Referees should examine the manuscript 

and grade the initial examination result into one of the following four categories:

1. Approve: good to be published as it is.

2. Approve after revision: needs a partial revision for publication.

3. Reexamination after revision: the same referee needs to reexamine after revision.

4. Disapprove: not suitable for publication.

② The final assessment of a manuscript should be made according to the grade table as 

shown below. If the assessment falls into the category of ‘approve’ or ‘approve after 

revision,’ then the manuscript will be published in the journal. However, if the ap-

praisal is ‘disapprove,’ then the Editorial Board should inform the author of the deci-

sion and the reason for the decision.

③ If the result of the first comprehensive examination is ‘reexamination after revision,’ 

then reexamination must proceed.

④ If the author of a manuscript rejects revision of his or her manuscript or a reply in re-
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sponse to referees' opinions or does not submit a revised paper within 30 days for re-

examination, the reexamination result is 'disapprove.'

⑤ The result of a reexamination shall be classified into either one of the following 

grades: ‘approve,’ ‘approve after revision,’ or ‘disapprove.’ Once the appraisal grade 

is given at this stage, the decision will be final.

⑥ The Editorial Board makes a decision on publication of a manuscript by considering all 

three referees' reports. The manuscripts to be considered for publication are the ones 

whose total grade is marked as ‘approve’ or ‘approve after revision' as shown in the 

grade table below.

⑦ If the comprehensive assessment of a manuscript is 'approve' or 'approve after re-

vision' but one referee grades the manuscript as 'disapprove,' then the Editorial Board 

can request the author to make revisions to the manuscript. The Editorial Board can 

also place the manuscript on the waiting list for the next issue. 

⑧ If the manuscript that has passed the screening is found to have plagiarized all or part 

of another person's manuscript, or has already been published in another academic 

journal, then the Board should revoke the decision to publish the manuscript and han-

dle the matter according to Chapter 6. 

※ Grade Table

Referee 1 Referee 2 Referee 3 Final Grade

Approve Approve Approve

Approve
Approve Approve Approve after revision

Approve Approve Reexam after revision

Approve Approve Disapprove

Approve after revision Approve after revision Approve

Approve 

after revision

Approve after revision Approve after revision Approve after revision

Approve after revision Approve after revision Reexam after revision

Approve after revision Approve after revision Disapprove

Approve after revision Approve Reexam after revision

Approve after revision Approve Disapprove

Reexam after revision Reexam after revision Approve

Reexam 

after revision

Reexam after revision Reexam after revision Approve after revision

Reexam after revision Reexam after revision Reexam after revision

Reexam after revision Reexam after revision Disapprove

Reexam after revision Approve Disapprove

Reexam after revision Approve after revision Disapprove

Disapprove Disapprove Disapprove

Disapprove
Disapprove Disapprove Approve

Disapprove Disapprove Approve after revision

Disapprove Disapprove Reexam after revision
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Article 28 (Presentation of Dissenting Opinion) ① The author who does not agree with the 

referee report, including the request for revision and the reason for reexamination, can 

express a dissenting opinion in writing to the Editorial Board. In doing so, the author has 

to present sufficient reasons for the argument or empirical cases.

② The Editorial Board must review and deal with the author's contention. Also, the 

Board can act as an anonymous mediator between the referee and the author. If the 

gap between the differing views of the two remains unresolved, the Board shall 

make a final decision as to the validity of the arguments.

③ The Editorial Board holds the right to dismiss any additional contention once the fi-

nal decision is made.

Article 29 (Protection of Personal Information) The personal information obtained from the 

examination cannot be disclosed to anybody except the Editorial Board.

Article 30 (Other Issues of Concern) Decisions on issues that have not been touched upon 

in the guidelines shall be made by the Editorial Board.

Chapter 6. Research Ethics

Article 31 (Purpose) This chapter aims to establish the standards of research ethics, which 

authors who want to publish their papers, Editorial Board members, referees, and 

Research Ethics Committee members should comply with, concerning the publication 

of the JRD, the academic journal published by the Institute. 

Article 32 (Subjects of Application) This chapter shall apply to an author who wants to pub-

lish his or her paper in the JRD (hereafter 'submitter'), Editorial Board members, refer-

ees, and Research Ethics Committee members.

Article 33 (Definition of Research Misconduct and Scope of Application) ① Research mis-

conduct (hereafter 'misconduct') includes fabrication, falsification, plagiarism, unrigh-

teous indication of authorship, and redundant publication as follows in proposing, per-

forming, or reviewing research, or in reporting research results. Misconduct does not in-

clude error, a minor mistake, or differences of opinion.

1. ‘Fabrication’ means making up data or research results and recording or reporting 

them.

2. ‘Falsification’ refers to distorting research contents or results by manipulating research 

materials, equipment, or processes, or by changing or omitting data or research results.



108

3. ‘Plagiarism’ means the appropriation of another person's ideas, logic, unique terms, 

data, analytic systems and so on that are not general knowledge without appropriately 

indicating the source, whether intentionally or not.

4. ‘Unrighteous indication of authorship’ refers to not bestowing, without good cause, 

the authorship on a person who has made an academic or technical contribution to re-

search contents or results, or giving the authorship for the simple reason of showing 

gratitude or courtesy to a person who has not done so.

5. ‘Redundant publication’ or ‘self-plagiarism’ means reusing all or part of one's pre-

vious work in a new work without adequate indication of the source, or using one's 

past work beyond the amount socially accepted even with indication of the source.

6. Misconduct includes other actions far beyond the scope commonly permissible in 

academia.

Article 34 (Standards of Research Ethics) ① Submitters should comply with the following 

ethical standards.

1. Submitters should not commit research misconduct specified in Article 33.

2. (Quotation and Referencing) When citing a published academic material, submitters 

should exactly indicate the fact according to the Guidelines for Manuscript 

Submission to the JRD. An unpublished academic material can be cited only with con-

sent of the researcher who provided the information.

3. (Revision of Paper) Submitters should revise their papers according to the regulations 

of the Editorial Board and submit the contents reflecting referees' opinions to the 

Board. 

4. Submitters should respect the opinion and examination result of the Editorial Board. 

② The Editorial Board should comply with the following ethical standards.

1. (Board Members' Basic Duty) The Editorial Board should respect a submitter's per-

sonality and independence.

2. (Prohibition on Discrimination) The Editorial Board should fairly treat a paper sub-

mitted to the JRD based only on its quality and the rules for submission and examina-

tion of manuscripts, regardless of the submitter's gender, age, institution, and any 

prejudice or private acquaintance. 

3. Fair Request for Examination

a. The Editorial Board should request a referee with expertise in the field concerned 

who can make a fair judgment to review a submitted paper.
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b. When requesting the examination of the submitted paper, the Editorial Board 

should provide the referee only with the content of the paper without the in-

formation that reveals the submitter's identity.

4. (Confidentiality) Editorial Board members should not disclose the information related 

to a submitter or the content of a submitted paper to a person other than the referee, 

nor should they use the content. However, the following cases are exceptions: with 

the submitter's consent; for dealing with affairs regarding the assessment of the aca-

demic journal by the National Research Foundation of Korea; and according to the reg-

ulations of other legislations.

③ Referees should comply with the following ethical standards.

1. Sincere Examination

a. The referee should faithfully assess the paper which the Editorial Board sends, 

within a period of time specified by the examination rules, and should notify the 

Board of the assessment result.

b. If the referee cannot assess the content of the paper due to differences in specialty 

or other personal reasons, he or she should immediately notify the Editorial Board 

(or a board member) of the fact.

2. Fair Examination

a. The referee should fairly assess the paper according to the Examination Criteria of 

Article 25.

b. If the referee grades the paper as ‘disapprove,’ he or she must state the reason 

clearly.

3. Respect for the Submitter

a. The referee should respect the personality and independence of the submitter as 

a professional intellectual. 

b. Preparing a referee report, the referee should use respectful and polite expressions 

and clarify his or her judgment on the paper. If the referee thinks that the paper 

needs revision, he or she should also explain the reason.

4. (Confidentiality) The referee should keep confidentiality about the paper for 

examination. The referee should not show or discuss it to or with another person ex-

cept when advice is essential for the appropriate assessment of the paper, and should 

not disclose the content of the paper before its publication in the journal. 
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Article 35 (Bringing Up Violation of Regulations of Research Ethics)  ① Concerning the 

publication of the JRD, if doubt exists as to the violation of these regulations, anyone can 

report the related matters to the chairperson or secretary of the Editorial Board. 

Article 36 (Composition and Decision-making of Research Ethics Committee)  ① If an is-

sue is raised according to the regulations of Section 1, Article 35, the chairperson shall 

organize the Research Ethics Committee with five or more related experts recom-

mended by the Editorial Board. 

Article 37 (Responsibilities and Rights of Research Ethics Committee) ① The Research 

Ethics Committee has a responsibility to prove whether the regulations have been vio-

lated, and the author in question has a responsibility to prove his or her compliance with 

the regulations.

Article 41 (Confidentiality about Subject of Investigation)  People who participate in inves-

tigation and deliberation on whether the regulations have been violated, including 

Research Ethics Committee members, should not reveal the content of the investigation 

or the personal information of the author in question to the outside.

Article 42 (Disciplinary Measures) If the Research Ethics Committee judges the author to 

have violated the regulations, the following disciplinary measures shall be applied.

① The author of the paper which was judged as plagiarism cannot submit a manuscript 

to the JRD alone or jointly for a certain period of time. 

② If plagiarism is judged after the publication of the paper, the paper will be officially re-

moved from the list of articles of the JRD. 

③ The chairperson of the Editorial Board who received the report of the Ethics 

Committee shall notify the author who violated the regulations of the facts of Sections 

1 and 2. At the same time, the paper will be removed from the website of the 

Institute, and this fact will be open to the public on the website.

④ Within 30 days after the completion of the work of Section 3, the chairperson of the 

Editorial Board shall notify the National Research Foundation of Korea of the details 

on the judgment of plagiarism and disciplinary measures.

⑤ Concerning the judgment of the violation of the regulations other than plagiarism, 

disciplinary measures decided by the Research Ethics Committee will be applied.
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Supplementary Rules

(Other Regulations) The President of the Institute decides matters not included in these 

guidelines and the establishment and amendment of the guidelines through the deliber-

ation of the JRD Editorial Board.

Supplementary Rules (April 2017)

(Enforcement Date) These guidelines shall enter into force on the date of its approval from 

the President of the Institute. 

(Enforcement Date) These guidelines shall enter into force on the date of its approval from 

the President of the Institute. 
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Guidelines for Manuscript Submission to JRD

1. The Journal of Rural Development (JRD) is an academic journal  published by the Korea 

Rural Economic Institute. The journal was officially registered to the Korea Research 

Foundation (KRF) in 2005.

∙ Publication Frequency and Dates

- Four times a year (21st day of the following months: March, June, September, 

December)

2. Submission Conditions, Topic, and Eligible Entries

∙ Submission Conditions: Anyone who agrees with the following terms and conditions 

can submit his or her manuscript.

- The manuscript should not have been published in any other publication.

- The applicant should abide by the ethics code of the Institute.

- The manuscript can be open to the public in the form of a publication.

- The manuscript and the author’s profile can be registered to the KRF.

- The manuscript can be posted on the Institute’s website for public viewing in the form of a 

PDF file.

∙ Topic: research and survey on agro-forestry economy and rural socio-economy.

∙ Eligible Entries: manuscripts which the Editorial Committee judges to have met 11s 

examination criteria.

3. Manuscript Format and Style

∙ Length: less than 20 pages/A4, (12 pt., 80 columns × 25 lines)

∙ Please type your manuscript on MS-Word/Hancom office Hangul.

∙ Style: please refer to our website at http://www.krei.re.kr/web/eng in the order of 

“Publication” → “Journal of Rural Development” → “Submission” → “JRD Style 

Manual.”

∙ Annotation: When identifying the source of a quoted statement, please state the 

source according to the Harvard (author-date) style of referencing. No comma is nec-

essary between the name of author and year.

<Example> (Fox et al. 1989; Choi 2004, 63-65).
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∙ Bibliography Format

- The bibliography should be identified in the order of author’s name, year, title, 

page/volume no./name of journal, publisher

- Double quotation is used to identify theses, booklets, seminar materials, and work-

ing papers.

- Book titles should be italicized.

<Example>

Fox, W.F., H.W. Herzog and A. M. Schlottman. 1989. “Metropolitan Fiscal Structure and 

Migration.” Journal of Regional Science 29(2): 523-536.

∙ The following abbreviations should be avoided: ibid., loc cit., op. cit.

4. Submission

∙ Submissions are received all year round.

∙ Please submit your manuscript (or inquiries) to the person below.

JRD Editorial Office

Library and Publishing Team

Korea Rural Economic Institute

Telephone: 82-61-820-2215

E-mail: journal@krei.re.kr

∙ Manuscript Content Requirements

- Keywords

- Abstract: approximately 10 lines

The contents should include research purpose and method (2~3 lines), research re-

sults (4~5 lines), and implications or improvement suggestions (2~3 lines)

- Manuscript Title and Author’s Name(s)

- Correspondence: email address and telephone number
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