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Abstract 

Unreliable access to a sufficient quantity of nutritious food is a major cause of 

undernourishment and malnutrition, and may lead to reduced worker capacity and low 

productivity in developing countries. This study examines the impact of micronutrient 

intake on the labour productivity of rice-producing households in Thailand in 2011. A 

semi-log wage equation and Cobb-Douglas production function are estimated using two-

stage least squares (2SLS) and Non-linear two stage least squares (NL2SLS) methods 

respectively. Results show that higher intakes of calcium, vitamins A and iron increase 

household earnings and farm output. However, calorie intake only contributes to higher 

farm output. Enhancing micronutrient consumption is an investment for improving 

productivity. 
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1. Introduction  

Food security is a key policy aim of developing countries. It describes whether people 

have access to a sufficient quality and quantity of food and has four dimensions, namely, 

availability, accessibility, utilisation and sustainability (FAO, IFAD and WFP, 2015). 

While food security initially focused on availability, stability of supply and access, and 

utilisation also emphasises the physiological needs for nutrients in determining good 

health (Burchi et al., 2011). Food utilisation is sometimes known as ‘nutrition security’ 

which is a prerequisite for food security (FAO, 2000). Micronutrient malnutrition or 

‘hidden hunger’ is an important dimension of food and nutrition security (FAO, IFAD 

and WFP, 2012) and is caused by a lack of vitamins and minerals (Detels et al., 2015, p. 



 

 

184). Micronutrient deficiencies are common in populations that consume poor diets 

lacking in diversity. Such diets are relatively high in staples, mainly cereal or root crops, 

but low in micronutrient-rich foods such as meat and animal products, fruits and 

vegetables (Shetty, 2011, p. 29). Inadequate intake contributes to the global burden of 

disease through increased rates of illness and death from infectious diseases, and to 

disability, and these may result in lower labour productivity (Weinberger, 2004; Gayer 

and Smith, 2015). 

 

Vitamin and mineral deficiencies, particularly iron, vitamin A, zinc and iodine affect 

many in developing countries (WHO, 2009; Gayer and Smith, 2015). For example, a 

third of children under the age of five are vitamin A-deficient and therefore are ill-

equipped for survival (WHO, 2009), and iron-deficiency anaemia during pregnancy is 

associated with 115,000 deaths per annum which account for a fifth of total maternal 

deaths (WHO, 2009). Micronutrient deficiency is a significant public health concern in 

Southeast Asia, particularly in low-income households where more than 60 million 

people suffer malnutrition or undernourishment (FAO, IFAD and WFP 2015). In 

Thailand, 7% of the population is undernourished and this is higher than the World Food 

Programme’s target of less than 5% (FAO, IFAD and WFP 2015). 

 

Thailand has substantially increased nutritional security since the 1980s and protein-

energy malnutrition fell from over 50% in 1981 to 7% in 2012 (FAO, IFAD and WFP, 

2012). The percentage of vitamin B1 deficiency declined from 23% in 1960 to less than 

1% in 1995, while that of vitamin B2 fell from 47% to less than 1%, and vitamins B1 and 

B2 are no longer a public health issue (Tontisirin et al., 2013). The proportion of calcium 

deficiency gradually declined over the pass 40 year since the National School Lunch 

Programme (SLP) and School Milk Programme (SMP) were established in 1992 

(Tontisirin et al., 2013). The percentage of low serum retinol (vitamin A) occurrences 

diminished by 90% between 1960 and 2003 when only 5% of preschool-age children 

were vitamin-A deficient (Tontisirin et al., 2013). However, some of these deficiencies 

are still problematic for vulnerable groups, especially for low-income households. For 

example, approximately 30% of Thai reproductive women were reported to be deficient 

in vitamin A in 2016 (GNR, 2017). The percentage of iron-deficiency anaemia amongst 

Thai pregnant women has increased from 30% in 2006 to 40% in 2016 (WHO, 2018). 

Also, one-fifth of Thai women aged between 40–80 years have osteoporosis due to the 

lower average dietary calcium intake per day (313 mg/day compared to the minimum 

requirement of 400 mg/day) (FAO, 2017; IOF, 2017). If households cannot access 

nutritious food to attain requisite micronutrient requirements, they typically have poor 

health, reduced physical and worker capacity, and therefore low labour productivity 

which reduces economic growth (Croppenstedt and Muller, 2000; Weinberger, 2004; Jha 

et al., 2009).  

 

To investigate the relationship between nutritional status and labour productivity, 

Leibenstein (1957) initially introduced the efficiency wage hypothesis which is assumed 

that at low income levels, better nutrition enhances labour productivity and hence 



 

 

contributes to economic growth since better-nourished workers should be more 

productive and can earn higher wages. This hypothesis was initially focused on the 

biological relationship between nutrient intake and labour effort per unit of time in poor 

societies (Deolalikar, 1988; Ayalew, 2003) and has been extended into a general theory 

of wage determination (Shapiro and Stiglitz, 1984; Weiss, 1990; Ayalew, 2003). 

However, a significant impact of nutrition on earnings may not be conclusive evidence, 

especially in an imperfect labour market where farm labour is not paid its marginal 

product (Deolalikar, 1988). Therefore, to complete the test of nutrition-productivity 

effects, the farm production function is applied to capture the marginal product of labour. 

Empirical studies of the nutrition-labour producitivty relationship typically estimate a 

semi-log wage equation and Cobb-Douglas production function where nutritional status 

is measured by caloric intake and/or health proxies, and labour productivity is measured 

in terms of earnings or/and farm productivity. Simultaneous causality results in an 

endogeneity problem and instrumental variables (IV), such as two-stage least squares 

(2SLS) or Heckman's procedure, is applied. 

 

Strauss (1986) incorporated the efficiency wage hypothesis into the non-separable 

agricultural household model (AHM) of Singh et al. (1986) which allows to test the 

simultaneous relationship between consumption and production. Using NL2SLS, the 

results show that the average calorie intake for effective labour has a positive relationship 

with farm productivity in rural Sierra Leone. But, Deolalikar (1988) showed that calorie 

intake has no influence on wages, but weight-for-height (WFH) is positively associated 

with wage and farm productivity in India. Sahn and Alderman (1988) applied 2SLS and 

show significant gender differential impacts of nutrients on wages in Sri Lanka. 

Similarly, Haddad and Bouis (1991) found that only WFH has a significant effect on 

wages but the results are not robust when controlling for endogeneity. When calories are 

included as the sole nutritional variable, the result is significant and positive. In 1995, 

Aziz (1995) applied NL2SLS and finds that calorie intake is positively associated with 

farm output for female workers but WFH is not significant in India. Croppenstedt and 

Muller (2000) also found that health and nutritional status have significant effects on 

agricultural productivity in Ethiopia. Again, using NL2SLS, Traore (2007) revealed that 

calorie intake has a positive relationship with farm productivity in rural Malawi. Next, 

Weinberger (2004) applied 2SLS and results for India show that iron and vitamin C 

intake have significant effects on earnings, and increasing micronutrient intake can 

improve economic growth and development. Using Heckman's two-step procedure, 

Ayalew (2003) found that calorie consumption has a positive effect on the wages and 

farm productivity of Ethiopian farm households. Similarly, Jha et al. (2009) found the 

existence of a poverty/nutrition trap and calories, carotene, iron, riboflavin, and thiamine 

have significant positive effects on wages in rural India, particularly for female workers.  

 

It is clear that nutrition as well as health has an impact on labour productivity. However, 

much research has focused on-energy consumption rather than on micronutrient 

consumption, largely due to data limitations. Also, there are no studies on this particular 

area in Thailand, especially for agricultural workers. Therefore, this paper examines the 

impact of micronutrient intake on labour productivity of households engaged in rice 



 

 

farming in Thailand using data from a cross-sectional survey in 2011. The results ought 

to be of interest to policy-makers both in Thailand and elsewhere to enhance farm 

productivity to meet food and nutrition security goals. 

 

The paper is organised as follows: Section 2 discusses the methodology and empirical 

model. Section 3 presents data and results. Discussion is provided in Section 4. Section 5 

concludes with recommendations. 

 

2. Empirical Model  

This study focuses the impact of current nutritional status on labour productivity and 

anthropometric variables are not considered due to data limitations. Labour productivity 

is often measured in terms of wage and farm output. Following the nutrition-earning 

literature (Deolalikar, 1988; Haddad and Bouis, 1991; Croppenstedt and Muller, 2000; 

Weinberger, 2004), a semi-log wage equation is commonly used as the functional form. 

Thus, the earnings equation takes the following form: 

 

  ln Wi= β
0
+ ∑ β

j1
Ĉji

5

j=1

 +∑ β
k2

EDUki

3

k=1

+ β
3
GENDi+ β

4
DRi + β

5
AGEi+ β

6
AGEi

2
 + 

           β
7
LDi+ β

6
AREAi+ ui                                          i=1,…,N                              (1) 

 

where Wi is the earnings of the ith household (Baht per month) which includes only farm 

income; Ĉj is a vector of nutritional variables namely, daily calorie intake (Kcal/day), 

calcium (mg/day), iron (mg/day), vitamin A (mg/day), and vitamin C (mg/day) calculated 

as per adult equivalent; EDUk is a vector of education dummies for the household head 

for primary, secondary, and degree, so for example that for primary =1 for education up 

to primary level and =0 otherwise; GENDi is a dummy for the gender of household head 

which =1 for male and =0 for female; DRi=
number of dependents

total number of family members
 is the dependency 

ratio1, AGEi is the age of household heads; LDi is cultivated land; AREAi is a dummy for 

administrative areas which =0 for non-municipal areas and =1 for municipal areas; ln is 

the natural logarithm; and ui is a disturbance term with the usual properties. 

 

When labour markets are imperfect, the presence of such a relationship is not proof that 

the nutrition-wage hypothesis is valid, and conversely neither does its absence become 

the invalid hypothesis. Thus, a number of studies uses a Cobb-Douglas production 

                                                 
1 We hypothesise that households with higher dependents earn more than those with lower 

dependents, so DRi=1 if there are no children living in the household, and DRi→0 as the ratio 

of children to all family members increases. 



 

 

function to investigate the direct impact of nutrition on farm output (Strauss, 1986; 

Deolalikar, 1988; Aziz, 1995; Ayalew, 2003; Traore, 2007), that is: 

 

ln Q
i
= α0+ α1ln Lei

+α2 ln LDi+ α3 ln FEi + ui;          where Lei
= h(Ci)LFi

                    (2) 

 

where Qi is value of farm output of ith household (Baht): i=1,…, n, Lei is effective labour 

which is the function of efficiency per hour worked (h(Ci)) relating to current nutrient 

intake and family labour (LFi) since information of hired labour is not available, LD is 

cultivated land (Ha), and FE is the value of fertiliser use (Baht). 

 

The effective labour function is often hypothesed as the S-curve where a portion that is 

increasing at an increasing rate followed by a portion increasing at a decreasing rate 

(Strauss, 1986). To deal with this function, following Aziz (1995), we use the natural 

exponential function for (h(Ci)), which is h(Ci)=eh(Ci). This function can be fit the S-

curve and describes the efficient labour process since the efficiency process is regarded 

as an intermediate transition between lower initial levels of efficiency and upper stable 

rate (Aziz, 1995). Therefore, (2) can now be expressed: 

 

ln Q
i
= α*0 -α*1 ∑

1

h(Ĉij)

5

j=1

+ α1ln LFi
+α2 ln LDi+ α3 ln FEi + ui +εi                               (3) 

 

where μi is a household-specific unobserved error term and εi is the iid error term. 

 

Due to the limitation of data on working hours, family labour is here proxied by the 

number of effective labour which consumes sufficient calories. Thus, if the household’s 

total energy requirement is over than 2,100 Kcal/day, which is the minimum average 

daily energy requirement in developing countries (Gibson, 2012), labour in the household 

is effective labour. 

 

In (1), 2SLS is applied to eliminate the potential problem of endogeneity. The 

instruments for the micronutrient intake are household size, an operating month of data 

collection, region, and the number of family member younger than 15 years. While in (2) 

NL2SLS is applied to estimate the nutrition-farm output link due to non-linearity in this 

relationship using GMM command in STATA 15th version. To confirm valid instruments, 

exogeneity is tested using Durbin-Wu-Hausman's (DWH) test (Greene, 2012, pp. 274-

275). We also apply the first-stage F-statistic to identify a weakness of instruments, and if 

F>10, the instruments are sufficiently strong (Baum, 2006: 207), When there is no cross-

equation error correlation, the 2SLS estimates are identical to three stage least square 

(3SLS) method (Wooldrige, 2002, pp.198-199). We also test for overidentifying 



 

 

restrictions using Sargan's test for 2SLS and Hansen-J-Statistic for NL2SLS using GMM 

to check whether the instrumental variables are exogenous (Greene, 2012, pp. 278-279). 

Elasticities and margin effects are calculated for the impact change of micronutrients on 

productivity. 

 

3. Data and Results  

The cross-sectional data of 1,573 rice-farming households are from the Socio-Economic 

Survey (SES) of National Statistical Office (NSO), Thailand in 2011. Data on 193 food 

items were collected on a daily basis using a seven-day recall diary, and each is converted 

into calorie intake and micronutrient availability using the nutritive value of Thai foods 

from the Ministry of Public Health and the ASEAN Food Composition Tables from the 

Institute of Nutrition, Mahidol University, Thailand. Following Smith and Subandoro 

(2007), we calculate calories available and micronutrient consumption/adult 

equivalent/day for each household to circumvent differences in calorie intake among age 

and gender of household members. In addition, to find the effective labour for the 

production function, we use the minimum average daily energy requirement of 2,100 

Kcal/day as the reference which is equal to that for an average male aged 31-50 

undertaking manual labour as estimated by Thailand’s Ministry of Public Health 

(Tiwasing et al., 2018). Thus, using a 2,100 kcal/day threshold, farm households who 

have the effective labour are 928 households. The descriptive statistics of key variables 

are reported in Table 1. 

 

Table 1 Descriptive Statistics 

Variable Obs. Mean S.D. Minimum Maximum 

Wage equation 

Calorie intake (Kcal/day) 1,573 2,394.49 777.80 1,036.59 5,107.58 

Calcium (mg/day) 1,573 325.54 175.00 46.54 1,788.78 

Vitamin A (µg/day) 1,573 845.92 557.04 18.90 6,499.06 

Vitamin C (mg/day) 1,573 99.27 77.75 0.76 694.09 

Iron (mg/day) 1,573 24.95 42.35 2.43 519.96 

Average farm income 

(Baht/month) 
1,573 14,127.58 11,014.01 1,933 153,050 

Household size 1,573 3.37 1.33 1 9 



 

 

Age of household head 1,573 54.25 10.14 25 89 

Dependency ratio 1,573 0.74 0.24 0 1 

Gender of household head 1,573 0.77  0.42 0 1 

Education of household 

head 

   Primary 

 

1,573 

 

0.87 

 

0.33 

 

0 

 

1 

   Secondary 1,573 0.09 0.29 0 1 

   Graduate 1,573 0.01 0.10 0 1 

Family labour (person) 1,573 2.33 0.87 1 7 

Farm size (Rai) 1,573 2.37 2.25 0 16 

Production function 

Calorie intake (Kcal/day) 928 2,914.11 630.08 2,100.30 5,107.58 

Calcium (mg/day) 928 372.21 186.95 65.41 1,788.78 

Vitamin A (µg/day) 928 910.67 589.05 35.25 6,499.06 

Vitamin C (mg/day) 928 112.52 85.55 3.22 694.09 

Iron (mg/day) 928 29.38 44.87 4.32 519.96 

Average of rice output 

(Bath) 
928 135,501.6 163,628 3,000 2,2024,800 

Fertiliser (Bath) 928 51,658.24 79,834.95 0 755,214 

Farm size of households 

with effective labour 

(Rai) 

928 2.40 2.30 0 16 

Effective family labour 

(person) 
928 2.16 0.76 1 6 

Notes: 1 US Dollar = 32.6 Baht. 1 Rai = 0.16 Hectare 

 



 

 

The results of the 2SLS wage estimation in (1)2 and NL2SLS production function in (3) 

are shown in Table 2. For 2SLS, the nutrients in Model I are energy (and its square) 

following Deolalikar (1988), Sahn and Alderman (1988), and Ayalew (2003). Model II 

additionally includes calcium, vitamins A and C, and iron following Weinberger (2004) 

and Jha et al. (2009). To check for model validity, DWH-tests yield: in Model I, 

F1,1,561=179.14 (p=0.00) and in Model II, F5,1,553=39.38 (P=0.00) and the nutritional 

variables are endogenous. Sargan’s test for an overidentifying restriction yields: in Model 

I, χ
10
2 =9.98 (P=0.44) and in Model II, χ

6
2=3.30 (p=0.77) and the restriction is valid. The F-

statistic on the first-stage regression yields F>10, and the instrumental variables for both 

models are strong enough. Overall, the models are adequate and are robust to alternative 

specifications. To compare the two models, we apply a Wald version of the Chow test 

(Greene, 2012, pp. 567-569) where the null is that there are no differences among the 

estimated coefficients of calcium, vitamins A and C, and iron intake. The test yields F4, 

1,558=3.78 (P=0.00), the null is not rejected, and these variables should be included. 

Accordingly, Model II is preferred. For NL2SLS, similar to the analysis of the nutrition-

wage link, Model III includes only energy intake, while Model IV includes all 

micronutrients. To check for model validity, Hansen-J-Statistic is valid: in Model I, 

χ
10
2 =13.09 (P=0.79) and in Model II, χ

6
2=6.64 (p=0.34) Multicollinearity appears not to be 

a problem: the largest correlation coefficient between nutrients is 0.24 between calcium 

and iron intake. 

 

Table 2. Estimates of the Earning Equation and Production Function  

Variable 
Earnings (ln) Farm output (ln) 

Model I Model II Model III Model IV 

Constant  
8.211* 

(0.44) 

9.132* 

(0.56) 

1.456*   

(1.688) 

1.898* 

(1.289) 

Estimated nutrient intake per adult 

equivalent 
    

 - Energy (Kcal/day) 
-0.0005* 

(0.00) 

-0.0007* 

(0.00) 

970.98* 

(743.60) 

512.09* 

(225.93) 

 - Calcium (mg/day) - 
0.0017* 

(0.00) 
 

64.84* 

(56.42) 

 - Vitamin A (µg/day) - 0.0006*  105.95* 

                                                 
2 According to the efficiency wage hypothesis, the nutrition-labour productivity link is bidirectional 

which implies that increasing nutrient consumption leads to higher income and vice versa. Only 

the impact of nutrients on income is discussed. 



 

 

(0.00) (95.87) 

 - Vitamin C (mg/day) - 
0.0021 

(0.00) 
 

6.171 

(4.806) 

 - Iron (mg/day) - 
0.0069* 

(0.00) 
 

1.32* 

(4.14) 

Gender of household head 

(0=female, 1=male) 

0.0597 

(0.04) 

0.0538* 

(0.02) 
- - 

Education of household head    - - 

 - Primary (1=completed, 

0=otherwise) 

0.0331* 

(0.01) 

0.0197* 

(0.00) 
  

 - Secondary (1=completed, 

0=otherwise) 

0.1663* 

(0.08) 

0.1561* 

(0.08) 
  

 - Degree (1=completed, 

0=otherwise) 

0.7885* 

(0.28) 

0.7468* 

(0.24) 
  

Dependency ratio 
0.1667* 

(0.09) 

0.1546* 

(0.13) 
- - 

Age of household head 
0.0796* 

(0.02) 

0.0838* 

(0.02) 
- - 

Age of household head squared 
-0.0007* 

(0.00) 

-0.0007* 

(0.00) 
- - 

Administrative area (1=Municipal, 

0=Non-municipal area)  

-0.0195 

(0.04) 

-0.0257 

(0.05) 
- - 

Farm size (Ha) 
0.0944* 

(0.01) 

0.0925* 

(0.01) 

0.284* 

(0.103) 

0.246* 

(0.095) 

Family labour (Person)   
0.310* 

(0.095) 

0.415* 

(0.092) 

Fertiliser (Baht)   
0.589* 

(0.093) 

0.603* 

(0.065) 



 

 

Number of Observations 1,573 1,573 928 928 

Regression Standard Error 0.5988 0.6277 - - 

Sargan’s test  10.63(10) 5.31(6) - - 

Hansen-J-statistic - - 13.09(10) 6.64(6) 

Notes: * denotes significant at 5%, and Standard errors in parentheses. 

 

Table 3 shows the associated elasticities calculated at sample means. Calcium, vitamin A, 

and iron consumption have positive and significant effects on productivity as measured 

by monthly income with an elasticity of 0.55, 0.51, and 0.17 respectively. These results 

suggest that a 1% increase in calcium, vitamin A, and iron intake a day leads to a 0.55%, 

0.51% and 0.17% increase in earnings respectively. However, energy intake has a 

negative and significant effect with an elasticity of -1.68.  

 

Table 3. Output Elasticities for the Earning Equation and Production Function 

Variables 

Elasticities Marginal Effects 

Earnings 

(II) 

Farm output 

(IV) 

Farm output (IV) 

Energy -1.68 0.18 8.17 

Calcium 0.55 0.17 61.73 

Vitamin A 0.51 0.12 16.87 

Vitamin C 0.21 - - 

Iron - 0.05 201.98 

Gender of household head 

(0=female, 1=male) 
0.06 - - 

Education of household head  

   - Primary (1=completed, 

0=otherwise) 

 

0.02 

 

- 

 

- 

   - Secondary (1=completed, 

0=otherwise) 
0.12 - - 



 

 

   - Degree (1=completed, 

0=otherwise) 
1.11 - - 

Dependency ratio 0.12 - - 

Age of household head 0.20 - - 

Administrative area (1=Municipal, 

0=Non-municipal area) 
- - - 

Farm size (Ha) 0.22 0.25 13,639 

Fertiliser (Baht) - 0.42 1.06 

Family labour (person) - 0.60 36,837 

Note: Elasticities and marginal effects are reported for significant variables only. 

 

Turning to household characteristics, male heads have a positive and significant impact 

on earning ability, implying that they earn more income than female-heads. The 

education of household heads is positive and significant at primary, secondary and degree 

levels, implying that more education increases earnings. The dependency ratio has a 

positive and significant impact on income with an elasticity of 0.12. Age of household 

head is positively related to earnings with the elasticity of 0.20, implying that when age 

of household head increases by 1%, the ability of earnings increases by 0.20%. Also, 

farm size is positively and significantly associated with income with the elasticity of 

0.22.  

 

Table 3 also presents marginal productivities and elasticities of the nutrition-farm output 

link. For marginal productivities, an increase of 1 kcal/day of calorie consumption 

increases the value of farm production by 8.17 Baht. Also, extra consumption of vitamin 

A by 1μg/day increases the value of farm productivity by 16.87 Baht. Also, a 1 mg 

increase in calcium, and iron intake per day increases farm output by 61.73 and 201.98 

Baht respectively. The elasticity of farm output with respect to energy intake implies that 

a 1% increase in energy intake increases in the value of farm output by 0.18%. The 

elasticities of farm output with respect to calcium, vitamin A, and iron intake are 0.17, 

0.12, and 0.05 respectively. Additionally, the elasticity of farm output with respect to 

farm size is 0.25, indicating that a 1% increase in farm size contributes to an increase in 

farm output by 0.25%. Likewise, a 1% increase in the value of fertiliser and effective 

labour lead to an increase in farm productivity by 0.42% and 0.60%, respectively.  

 

4. Discussion 



 

 

According to the nutrition-wage efficiency hypothesis, wages increase with nutrient 

intake. However, our result shows that counter-intuitively higher calorie intake reduces 

earning ability. The finding here is similar to that of Weinberger (2004) in India where 

agricultural labour productivity is also measured by monthly income. Deolalikar (1988) 

also shows that the energy intake has a negative effect but insignificant in South India, 

and only WFH is positively and significantly related to the wage rates at sample means. 

The negative impact of energy consumption on household income seems robust between 

estimation methods and it may be explained by household circumstances. First, more than 

90% of rice-farming households in Thailand are semi-commercial, and calorie 

consumption is not dependent only on income because low-income households can 

produce for own consumption. Also, rice-farming households may consume lots of 

calories to sustain the physically demanding but they still have low income since farming 

is a low-income work. Second, farm households may be faced with an imperfect labour 

market where labour does not get paid its marginal product, so household income or 

wages may be lower (Deolalikar, 1988; Ayalew, 2003). Further, Deolalikar (1988) 

suggests that productivity may not be dependent only on current energy intake, but also 

on anthropometrics such as weight, height and body mass. This may imply that higher 

calorie consumption does not always increase labour productivity. Moreover, Haddad and 

Bouis (1991) and Weinberger (2004) argue that better nutrition may be related to higher 

wages or income through the enhanced ability of farmers to undertake piece-rate work 

where payment is based on performance. Information about the decision-making process 

of employers is unavailable, and we cannot examine the relationship via this mechanism. 

 

For other key micronutrient, the calcium-income elasticity is 0.55 which is positive and 

supports the efficiency wage hypothesis. Also, the consumption of vitamin A positively 

determines labour productivity and the elasticity is 0.89. Jha et al. (2009) show that rural 

wages in India rise by around 0.30% if the level of vitamin A (carotene) intake increases 

by 1%. However, Weinberger (2004) shows that the effect of low vitamin A intake has a 

negative impact on wages. These studies include a number of nutrients and the results 

may be confounded by multicollinearity, the extent of which is not reported. Iron 

consumption is positively and significantly associated with household income with an 

elasticity of 0.17. Weinberger (2004) finds a similar elasticity in range 0.10-0.34. Jha et 

al. (2009) also report that iron consumption is positively related to rural wages among 

workers during the harvest season in India where elasticities for male and female workers 

are 0.78 and 0.68. 

 

For farm productivity, the elasticity of farm output with respect to energy intake is 0.18. 

Corresponding elasticities of Strauss (1986) in Sierra Leone and Aziz (1995) in India are 

0.33% and 0.45%. Ayalew (2003) and Traore (2007) also report the calorie elasticity of 

agricultural output is 0.48 and 0.30 respectively. Our elasticity is smaller than those of 

Strauss (1986), Aziz (1995), Ayalew (2003) and Traore (2007). A reason for this point 

may be our use of effective labour that is the number of workers rather than effective 

working hours. By contrast, Deolalikar (1988) finds that calorie intake is an insignificant 

determinant of farm production in rural south India, although WFH is significant. We 

cannot estimate the relationship between anthropometric variables and labour 



 

 

productivity as data are not available. The elasticities of farm output with respect to 

calcium, vitamin A, and iron intake are 0.17, 0.12, and 0.05 respectively. Additionally, 

the elasticity of farm output with respect to effective labourers is 0.25 which is quite 

similar to those of Aziz (1995) which are 0.14 and 0.16 for female and male labour hours, 

respectively.  

 

5. Conclusion and Policy Recommendations  

This paper investigates the empirical nutrition-labour productivity link of rice-farming 

households in Thailand using a cross-sectional SES data for 2011. Controlling for 

endogeneity between nutrient intake and labour productivity, a semi-log wage equation is 

used to estimate the nutrition-earnings relationship using 2SLS for 1,573 rice-farming 

households, while the nutrition-farm output is estimated using a Cobb-Douglas 

production function through NL2SLS for 928 households who manage to attain the daily 

energy level of 2,100 kcal/day. The 2SLS results show that consumption of calcium, 

vitamins A and iron have positive and significant effects on household earnings, while 

calorie intake surprisingly has a negative effect. In addition, male household heads earn 

more than female-heads. The effect of the education of household heads is positive and 

significant; and the dependency ratio, farm size and administrative areas have also 

positive and significant effects on household income. Additionally, the NL2SLS results 

show that energy, vitamin A, iron and calcium consumption have positive and significant 

contributions to farm productivity. These findings provide support for the efficiency 

wage hypothesis. Also, family labour, farm size and fertiliser use have a positive and 

significant effects on farm output. 

 

We provide strong evidence that enhancing micronutrient intake can contribute to labour 

productivity and hence to overall economic growth and development. Estimated 

elasticities of household income with respect to calcium, vitamin A and iron intakes are 

significant and positive, and policies which enhance micronutrient intake can be effective 

in increasing household earnings and this is particularly beneficial to the poor. The Thai 

government should promote micronutrient-rich diets and provide micronutrient 

supplementation for low-income households.  

 

We also find that the estimated elasticity of the value of farm output with respect to 

number of effective labour who consumes more than the level of energy intake of 2,100 

kcal/day is significant and positive. Thus, the government should provide information on 

access to nutritious food for rice farmers to meet their daily consumption requirements. 

Also, family labour should encourage to work on the farm rather than off the farm. Since 

fertiliser expenditure is significantly and positively associated with the value of farm 

output, an input subsidy policy, particularly for fertiliser should be introduced because of 

high price of fertiliser. This would help farm households to increase productivity, 

generate local employment and reduce farm production costs.  

 



 

 

Moreover, the education of household heads has a significant and positive impact on 

earnings. This could suggest that the government encourages farmers to participate in 

higher levels of education and provide a better education system to make it equally 

accessible for all households. Additionally, farm size is significantly and positively 

associated with household income. The government could consider promoting land 

consolidation into larger holdings in order to addressing the problems of land protection, 

transporting farm machines and products, and increased in labour costs. 
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