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Abstract: Measuring food security in an accurate and cost effective way is important for 

targeted food relief and for designing anti-poverty programs. A number of studies have 

established different food security indicators as alternatives to calorie intake but none has 

conducted a comparative study of multiple indicators. We present a comparative analysis of 3 

alternative indicators, (a) dietary diversity score (DDS) (b) self-reported food security and (c) 

land holding, as alternatives to calorie intake for prediction of household food security. We 

assess the reliability of the 3 indicators through their relation with household calorie intake, 

food and non-food expenditure, and nutritional status. We use a nationally representative cross 

sectional data consisting of 4,423 households from Bangladesh. We find no systematic 

difference in association with access to food (as measured by household food and non-food 

expenditure) among the alternative indicators. We also find that the land indicator predicts 

nutritional status better than DDS and self-reported indicator. We compare the ability of 

different indicators to predict calorie intake using a Vuong closeness test and find that DDS or 

any indexes of multiple indicators consisting of DDS can predict calorie intake better than 

others and more closely resemble the true model of calorie intake. We find the similar 

conclusion from out-of-sample prediction ability, lowest mean square error and mean absolute 

error, of alternative indicator. Finally, we try to find a discontinuous break point in DDS at 

different calorie intake threshold points which we can use as a cut-off points to identify food 

insecure household. We find no such structural points in DDS distribution. 

 

 
Key Word: Food security, Nutrition, Access to food. 

 

 

 

 

JEL Codes: O12, Q18.

                                                 
 



3 

 

1 Introduction 

By enabling more accurate classification of households with respect to whether they are food 

secure and by making it possible to demonstrate policy impacts, the proper design of food 

security indicators can lead to better targeting and evaluation of public policy interventions 

(Maxwell et al., 1999). For example, in the context of disaster relief, indicators that allow for 

proper classification of households by their food security needs will help minimize targeting 

errors. In the context of impact evaluation, the impact of a food security intervention on 

beneficiary households will be made more credible through the use of indicators known to be 

closely linked to food security and nutritional status.  

In food security analysis, per capita calorie intake (as measured by a food consumption 

recall survey module or a food diary) has been used as the “gold standard” for measurement of 

food security.1 It is no surprise, then, that much of the credible evidence on how to best measure 

food consumption (and by extension, food security) consists of survey experiments designed 

to test recall modules against diaries, rather than comparisons of either of these methods against 

alternative indicators; in addition, most of these experiments are conducted in developed 

countries (Beegle et al. 2010). 

However, in some contexts, the relative merits of food consumption recall modules and 

diaries may not be the appropriate question. For example, the prompt delivery of disaster relief 

requires the use of food security indicators that can be used quickly and accurately. When 

conducting a multi-topic survey to be used for program evaluation or for measuring standards 

of living, opting not to use a comprehensive food consumption module or diary may improve 

data quality by increasing participation and response quality of the respondent (Galesic and 

Bosnjak, 2009),  reducing interview time and open up the possibility of including additional 

                                                 
1 See Deaton and Grosh (2000) for a discussion and examples of the structure of consumption recall modules 

used in the World Bank Living Standards Measurement Study. 



4 

 

survey questions; therefore finding a suitable replacement indicator may be more important 

than identifying the superior comprehensive indicator. However, challenges lie in defining an 

indicator that reflects all the dimensions of food security that are relevant to a given context 

while avoiding onerous data collection requirements.  

In this paper, we compare the performance of different food security indicators. More 

specifically, we compare the ability of household dietary diversity score (DDS),2 self-reported 

household food security,3 and household land holdings to predict calorie intake (per capita 

calories and poverty status according to a minimum-calorie poverty line) as well as nutritional 

indicators for children calculated using anthropometric data. The performance of predictive 

models based on different indicators and sets of indicators is assessed using Vuong closeness 

tests. All estimation is carried out using a nationally representative rural data set comprising 

4,423 households from the Bangladesh integrated household survey (BIHS)4, 2011-2012 

conducted by the International Food Policy Research Institute (IFPRI).  

While a number of studies evaluate the potential of household DDS, self-reported food 

security, and other alternative indicators to accurately predict food security outcomes, few have 

conducted comparative analyses of multiple indicators. Using data from Haiti, Sri Lanka, and 

Burundi, Wiesman et al. (2008) find that the correlation between the World Food Programme’s 

Food Consumption Score (FCS)5 and calorie intake is positive and statistically significant, and 

the that the FCS outperforms a simpler DDS index in two of three countries. Becquey et al. 

(2010) compare the ability of individual DDS indices and self-reported household food security 

to predict an index of diet adequacy (including energy, macronutrient, and micronutrient 

intake) constructed using two days of food consumption recall data. Our paper adds to the 

                                                 
2 The number of different food groups that a household have eaten over a reference time period. 

3 If the household face a situation with no food to eat in last 4 weeks. 

4 Ahmed, Akhter. 2013. Bangladesh Integrated Household Survey (BIHS) 2011-2012. Washington, D.C.: 

International Food Policy Research Institute (datasets). http://hdl.handle.net/1902.1/21266. 

5 The FCS is a weighted average  

http://hdl.handle.net/1902.1/21266
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relatively thin literature comparing the performance of multiple food security indicators; in 

addition, to our knowledge our paper is the first that evaluates the ability of multiple alternative 

food security indicators to predict child nutritional status as measured by anthropometric data. 

 The rest of the paper is organized as follows. Section 2 discusses previous literature on 

food security measurement. Section 3 describes the food security indicators that we use in this 

study and our econometric strategy while section 4 describe our data set. Our findings are 

presented in section 5. We discuss about cut-off points of DDS in section 6 and we end with a 

brief conclusion in section 7. 

2 Food security indicators: definitions and previous literature 

Food production and purchases, and food consumption are two widely used indicators in food 

security measurement, although, both of them are subject to measurement problems (Bouis, 

1993). Other indicators like anthropometric measurement, asset holding, dependency ratio, use 

of credit for consumption purposes, depletion of stores, mortgaging and sales of assets etc. are 

also used in different studies. Among the all indicators, calorie intake has been used as the 

‘gold standard’ indicator of food security (Chung et al., 1997; Maxwell et al., 1999). It 

measures the amount of calories available for household members for a certain time period. 

Usually the members involved in food preparation are asked about the amount of food prepared 

and then, reported food amounts are converted into calorie unit using calorie conversion 

method. Sensitivity and specificity analyses of proxy indicators of food security have been 

done using calorie intake as the benchmark indicator (Haddad et al. 1994; Chung et al., 1997; 

Maxwell et al., 1999; Rose and Tschirley, 2000; Hoddinott and Yohannes, 2002). However, it 

is often difficult to get an accurate measurement of calorie intake because of poor data quality, 

high data collection cost, and parametric assumptions (Carletto, et al. 2013). Beegle at al. 

(2010) compare different data collection methods in Tanzania and find food recall module 

measure lower consumption compare to personal diary especially in the poorer households and 
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households with more adult members. They also mention personal diary module cost 6 to 10 

higher than recall module and under-reporting happen particularly in illiterate households and 

urban households in personal diary module. Calorie intake also does not address diet quality 

(e.g. consumption of animal source foods), vulnerability to shocks, and variability of food 

consumption over the time.  

The household Dietary Diversity Score (DDS) is commonly used as a proxy indicator 

for calorie intake (Swindale and Bilinsky, 2006; Coates et al., 2007; Wiesmann et al., 2008). It 

is measured as the sum of different foods, food groups, or number of different foods within a 

group consumed by an individual over a time period. World food program also use a weighted 

dietary diversity score named as food consumption score (FCS) or food frequency score. DDS 

has gained prominence over other indicators because of close relationship with household 

access to food and calorie availability (Hoddinott and Yohannes, 2002). A number of studies 

also find a significant association of dietary diversity with household nutrition status, measured 

by child height for age (HAZ) and weight for age (WAZ), (Hatloy, et al. (2000); Arimond and 

Ruel 2002; and Onyango, Koski, and Tucker 1998) and socioeconomic status (Hatloy, et al. 

2000).  Dietary diversity is particularly useful in the context of developing countries where 

nutritional problems are more due to poor diet quality rather than lack of calories (Ruel, 2003). 

However, dietary diversity also lacks a quantity dimension and also may vary over any given 

reference period.  

By comparison, self-reported indicators capture the psychological and seasonal 

dimensions of food security. It represents household qualitative or self-assessment about food 

security that can represent household vulnerability which is difficult to measure through the 

quantitative measurement. A households may regard themselves as food insecure even if 

households are not currently food insecure in terms of food consumption, calorie intake, or 

DDS because they may have a significant probability of being food insecure in future. 
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However, self-reported indicators have its own limitations as well.  Headey (2013) finds that 

question ordering has a large effect in self-reported food security in China, while Deaton (2011) 

find that question ordering can also create bias in response about food security. There are also 

doubt about the cross sectional validity of self-reported indicators (Deitchler et al. 2010) as 

self-reported perception varies over place, time, and households’ social position etc.  

Association between self-reported indicator and nutrition status is mixed. Ali et al. (2013) and 

Cordeiro, et al. (2012) find a strong correlation in rural areas of Bangladesh, Ethiopia and 

Vietnam and Tanzania while Osei, et al. (2010) find no association in Nepal.  

Hoddinott (1999) represents a comparison of individual food intake, calorie acquisition, dietary 

diversity and index of copping strategy, a self-reported measurement of food deprivation, in 

terms of cost, time, and skills required to collect data, and susceptibility of misreporting 

(Appendix table 1) . He shows a superiority of dietary diversity and self-reported indicator over 

food consumption and calorie acquisition. He also shows that except a moderate level of skill 

requirement, dietary diversity is most effective indicators. 

3 Methodology 

3.1 Food insecurity indicator 

We estimate per capita daily calorie intake from household consumption of different foods 

acquired through own production, purchases, or any other source over last seven days..  We 

use the latest food composition table for Bangladesh,2013 developed by the Institute of 

Nutrition and Food Science at the University of Dhaka to convert food consumption data into 

calories. A small number of items such as salt, water, tea, and cigarettes and beetle leaf were 

excluded from the estimation. We estimate per capita amount by dividing daily calorie intake 

by household size without adult equivalence scale.  
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For DDS calculation, we use household consumption information over 17 food groups 

in last seven days.  We converted the 17 food groups into standard 12 groups following 

Swindale et al. (2006). We use the following food groups, namely, (1) cereals, (2) root and 

tubers, (3) vegetables, (4) fruits, (5) meat and poultry (6) eggs, (7) fish and seafood, (8) 

pulses/legumes/nuts, (9) milk and milk products, (10) oil/fats, (11) sugar/honey and (12) 

miscellaneous food items,. We estimate dietary diversity score (DDS) as the number food 

groups, out of 12, that a household consumed over the reference period, last seven days. 

Self-reported food security indicator used here is a dichotomous variable taking a value of 

one if the household reports having had no food to eat because of inadequate resource at any 

time in the last 4 weeks. 

Finally we use household land holdings, household has entitlement to that land, as an 

alternative food security indicator. Land holdings has been widely used in many developing 

countries to identify household for different social safety net programs.  

3.2 Econometric approach 

Our objective is two folds, find out an alternative indicators that best represent calorie intake 

and can predict calorie intake with lowest error when calorie intake information is not available. 

Firstly, we estimate if the alternative food security indicators are associated with household 

access to food and nutritional status. We use per capita food and non-food expenditure as 

indicators of access to food following Hoddinott & Yohannes, (2002). We use weight for age 

(WAZ) and height for age (HAZ) of under-5 children as indicator of nutritional status following 

Tewari, et al. (2013). We also do the same for calorie intake because we are using it as the 

benchmark indicator. We run multivariate ordinary least square (OLS) regression as follows, 

𝑌𝑖𝑗 =  𝛽0 +  𝛽1 ∗  𝑋𝑖𝑘 +  𝛽2 ∗  𝑊𝑖 + ∈𝑖 … … … … … … … … . (1)   
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Where Y consists household access to food and nutrition indicators, X consists of different food 

security indicators including calorie intake, W is the vector of household level characteristics 

and ∈ is the error term.  

Then we estimate the calorie intake predictability power of the alternative indicators. We use 

multivariate OLS estimation as equation (1) using calorie intake as the dependent variables and 

alternative indicators as the explanatory variables (X) as follows, 

𝐶𝑎𝑙𝑜𝑟𝑖𝑒𝑖𝑗 =  𝛽0 +  𝛽1 ∗  𝑋𝑖𝑘 + 𝛽2 ∗  𝑊𝑖 + ∈𝑖 … … … … … … … … . (2) 

 

 We use a Vuong closeness test (1989) to compare the alternative models by comparing 

how accurately they represent the true of model of calorie intake. The vuong test uses Kullback-

Leibler information criteria (KLIC) to measure the closeness of the alternative models to the 

true model/data generating process. The distance between two statistical models using KLIC 

is  

𝐸0[ln ℎ0(𝑌𝑖 |𝑋𝑖)] − 𝐸0[ln  𝑓(𝑌𝑖 |𝑋𝑖; 𝛽∗) ] …………………. (3) 

Where h0(.|.) is the true conditional density of Yi given Xi ,  E0 is the expectation under the 

true model and  𝛽∗ is the pseudo-true values of β. The model that is closest to the true model 

will be the one that maximizes E0 [ln f(Yi|Xi;β*)] . When we compare two rival models, the 

null hypothesis in Vuong’s test is, 

𝐻0 =   𝐸0[ln  𝑓(𝑌𝑖 |𝑋𝑖; 𝛽∗) / 𝑓(𝑌𝑖| 𝑓(𝑌𝑖 |𝑋𝑖; 𝛽∗))] = 0…………… (4) 

However, as the expected value of the null hypothesis is unknown as we don’t know the true 

model, Vuong proves that under general conditions: 

1

𝑛
𝐿𝑅(𝛽𝑛, 𝛾𝑛)   𝑎𝑠   𝐸0[ln  𝑓(𝑌𝑖 |𝑋𝑖; 𝛽∗) / 𝑓(𝑌𝑖| 𝑓(𝑌𝑖 |𝑋𝑖; 𝛽∗))] = 0 ……….. (5) 
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That is expected value in the null hypothesis can be consistently estimated by (1/n) times the 

likelihood ratio statistic. 

Secondly, we try to find out best alternative indicator that can identify food insecure households 

as proxy calorie intake, prediction error will be lowest, where we don’t have information of 

calorie intake.  We randomly select half of the sample, estimation sub-sample, for model fitting 

and rest of the half sample, forecasting sab-sample, to evaluate the performance of the 

alternative indicators. We estimate average error of predicting calorie intake using mean square 

error (MSE) and mean absolute error (MAE) in forecasting sab-sample for all the alternative 

estimators. The average mean square and the average absolute errors are defined as follows, 

𝑀𝑆𝐸 =
∑ 𝑒𝑖

2𝑛
𝑖=1

𝑛
  and ,  𝑀𝐴𝐸 =

∑ |𝑒𝑖|𝑛
𝑖=1

𝑛
 ……………………. (6) 

Where 𝑒𝑖 comes from the difference between actual calorie intake and predicted calorie intake 

in the forecasting sub-sample using the estimates from the estimation sub-samples. We use 

bootstrap procedure to estimate MSE and MAE   and use standard t-test to see if there is any 

significant difference in the prediction. Model that will give lowest MSE and MAE will be best 

alternative models.  

4 Data and Sample description 

The date set comes from the Bangladesh Integrated Household Survey (BIHS), 2011-2012 

conducted by International Food Policy Research Institute (IFPRI).  BIHS is a nationally 

representative survey that covers total 6,500 households among of which 4,423 are 

representative of rural areas of each of the seven administrative divisions of the country. A two 

stage stratified sampling procedure was followed ; in the first stage 325 primary sampling units 

(PSUs (i.e. Villages)) has been selected  using the sampling frame developed from the 

community series of the 2001 population census of  Bangladesh and in the second stage 
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required households has been selected from each PSU for detailed survey. Sampling weights 

were adjusted on the basis of the latest population census of 2011.  

Table 2 shows the summary statistics of key variables. Around 88 percent of the households 

are male headed and 41 percent of them are involved with agricultural self-employment 

activities. Only a half of the rural households, 48 percent, have access to electricity and 45 

percent of them use sanitary latrine. Average age of under-5 children is 2.25 years, their average 

level of height for age (HAZ) is -2.39 and level of weight for age (WAZ) is -1.87. We find 

about 33 percent of the household consume less than 2,122 Kilo calorie, 41 percent of them are 

in the lowest quartile of dietary diversity score. Average land holding is 83 decimals where 56 

percent of the households own less than 50 decimals of land and 92 percent of households hold 

less than 250 decimals of land. We also find that only eight percent of the household’s had 

experienced no food to eat in last 4 weeks.  

 

5 Findings 

We find all the alternative indicators are significantly related to household’s access to food 

even after controlling for household level characteristics (Table 3), with the exception for self-

reported indicator. Household self-reported indicator is significantly related to food 

expenditure but not with non-food expenditure which is reasonable because self-perception 

indicators is based on household food experience only. This indicates that the benchmark 

indicator (calorie intake) as well as all the alternative indicators reflect the access dimension of 

food security. Thorne-Lyman et al. (2010) find similar result for DDS in Bangladesh and 

Hoddinott and Yohannes (2002) in 10 different countries including Bangladesh.  

[Insert table 3 about here] 

 



12 

 

The association of food security indicators with nutritional status is mixed (Table 4). The 

benchmark indicator, calorie intake, has a significant relationship with child nutrition. We find 

household land holding has a significant relationship with both HAZ and WAZ which is 

expected as both land holdings and nutrition status are long run reflection of household 

socioeconomic status. DDS has significant relationship with both HAZ and WAZ while self-

reported indicator has a significant relationship with only WAZ in the restricted model. 

However, none of the indicators are significantly related with child nutrition when we control 

children, their mother and household level characteristics. Evidence on relation between food 

security and nutrition indicator are mixed in the literature. Tiwary et al. (2013) in a cross 

country analysis find a significant association of DDS with WAZ and HAZ in Bangladesh. 

Heady and Ecker (2012) found significant positive relationship for DDS and self-reported 

indicator with WAZ and HAZ while Deaton and Drèze (2009) and Pelletier et al. (1995) find 

no correlation between malnutrition and food security for India and Ethiopia respectively.  

[Insert table 4 about here] 

We find a significant association of per capita calorie intake with DDS, self-reported indicator 

and land holdings (Table 5). We also find that DDS has highest coefficient than land and self-

reported indicator. From the significance test, we find that DDS coefficient is significantly 

different from the self-reported and land coefficients. We finally check whether any 

combination of alternative indicators can improve the predictability. We create 4 alternative 

indexes by combining the alternative indicators and find that all the indexes predict calorie 

intake better than the individual indicators except the index from the combination of self-

reported and land. We find DDS is a better alternative indicator and any combination of other 

indicator/indicators with DDS predict calorie intake better than other indicators. 

[Insert table 5 about here] 
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From Vuong test result (Table 6), we find that models that includes DDS represents the true 

model better compare to self-reported or land holdings. It is also evident that any combination 

of DDS and alternative indicators represent the true model than the single indicator. Land 

holdings does better than self-reported indicator in representing the true model. 

[Insert table 6 about here] 

In representing child nutritional status, we don’t find a superior alternative indicators. As table 

7 and table 8 show that none of the test statistics are significant in any models which imply the 

low predictability power of food security indicators.  

[Insert table 7 about here] 

[Insert table 8 about here] 

Table 9 shows the result of loss function estimation. We find similar pattern as Voung test 

prediction form the earlier part. DDS and any combined indicators consisting DDS, has both 

lower MSE and MAE in predicting calorie intake. For nutritional indicators, we find errors are 

lower for land based indicator and combined indicators.  

[Insert table 9 about here] 

[Insert table 10 about here] 

[Insert table 11 about here] 

Our findings show a systematic pattern in comparing different food security indicators. We 

find DDS has significant relationship with calorie intake, it represent the true model better 

and also it has lowest error in predicting calorie intake. All these results indicate that DDS is 

best alternative indicator of calorie intake. 
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6 Cut-off point of DDS 

In the previous section, we find that DDS works better to predict calorie intake compare to 

other indicators. To use DDS in identifying food insecure households, we need to find out an 

actual cut-off point of DDS. Although, there are some threshold level of calorie intake that are 

used to define food insecure households, there are no such cut-off points for DDS through 

which we can define food insecure households. For example, Bangladesh Bureau of Statistics 

(BBS) use define a household is food insecure if per capita daily calorie intake is less than 

2,122 Kcals  and extreme food insecure if per capita daily  intake is less than 1850 Kcal.  DDS 

cut-off points are relative in the literature.  Hoddinott and Yohannes (2002) mention that we 

need to disaggregate the households into groups based on the proportions believed to be food-

secure and food- insecure. Rabbani (2014) use 5 out of 11 scoreas the cut-off point to estimate 

dietary quality in Bangladesh. Some studies also use lowest quartile of DDS as the threshold 

level. In table 12 we tabulate the percentage of right prediction, inclusion and exclusion error 

of different cut-off points of DDS in relation to 2,122 Kcal calorie intake threshold.. It shows 

that right prediction, exclusion error, and inclusion error changes with cut-off points.  

We try to locate a discontinuous jump in DDS at the known threshold levels of calorie intake, 

2,122 and 1,850 Kcal, using data-driven inference procedures. We estimate local polynomial 

estimators at the threshold level of calorie intake employing households at each side of the 

thresholds following Calonico, Cattaneo, and Titiunik (2014). This approach has been widely 

used for regression discontinuity based impact evaluation studies. From the table 13, we find 

no such significant discontinuity in DDS at the calorie intake thresholds, although, signs are as 

expected 

[Insert table 13 about here] 

Finally, we plot the DDS and calorie intake data using the following relationship, 

𝐷𝐷𝑆𝑖 = 𝑓(𝐶𝑎𝑙𝑖) +  Є𝑖. We assume no functional form and estimate 𝐸(𝐷𝐷𝑆𝑖) for each bin of 

calorie intake. We use a quadratic fit which predict DDS from the linear regression of DDS on 

calorie and 𝑐𝑎𝑙𝑜𝑟𝑖𝑒2 and plots the resulting curve. 

[Insert Figure 1 about here] 

We find similar result as inference procedure that there is no strong discontinuity at the calorie 

threshold levels. From the graph we find, although, there is no discontinuity at 1850 Kcal 

threshold but relationship between calorie and DDS changes from convex to more linear form. 
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7 Conclusion 

We try to predict a best alternative indicator of calorie intake which we can use to identify food 

insecure households when calorie intake data is not available using a nationally representative 

data set and multiple econometric procedures. We find all the alternative indicators has a 

significant relationship with food access indicator and has a little relationship with children 

nutrition status. We also find significant relationship of alternative indicators with calorie 

intake. Our result suggest DDS represent calorie intake best and creates lowest error in 

predicting the calorie intake. All our results give a systematic results that DDS and any 

combined indicators consisting DDS are better indicators compare to the counterparts. We 

finally try to find out specific cut-off points of DDS to identify food insecure households and 

find that there no such specific break points which supports the earlier results in the literature. 
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Annex: 

Table 1 Magnitude of different costs in data collection for different indicators of food security 

 Individual 

intake 

Household caloric  

acquisition 

Dietary diversity Index of coping  

strategies 

Data collection costs High Moderate Low Low 

Time required for analysis High Moderate Low Low 

Skill level required High Moderately high Moderately low Low 

Susceptibility to misreporting Low Moderate Low High 

Source: Hoddinott (1999) 

Table 2 Summary statistics of key variables 

Variable Mean Std. Dev. Min Max 

Female headed household(Percent) 0.18 0.39 0 1 
Age of household head (years) 43.68 13.93 17 95 
Wage Labour & salaried job(Percent) 0.22 0.42 0 1 
Farming(Percent) 0.41 0.49 0 1 
Non-Farm(Percent) 0.24 0.42 0 1 
Others(Percent) 0.13 0.34 0 1 
Household head's education (year) 3.13 3.85 0 16 
Household Size(Number) 4.24 1.67 1 17 
Household with electricity(Percent) 0.48 0.50 0 1 
Access to Sanitary Latrine(Percent) 0.45 0.50 0 1 
Daily per capita food expenditure(BDT) 40.85 25.22 0 357.67 
Daily per capita non-food expenditure(BDT) 12.06 30.96 0 1618.66 
Age of under-5 children (Months) 28.96 16.54 0.26 59.86 
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Height for age (HAZ) -2.39 1.41 -5.96 5.19 
Weight for age (WAZ) -1.87 1.17 -5.93 2.38 
Per Capita daily calorie intake(K Cal) 2494.95 701.09 794 4724 
Dietary Diversity Score (Number) 7.95 1.88 1 12 
Land Holdings (decimals) 83.31 135.76 0.25 2412 
Food shortage in last 4 weeks ( 1 if yes) 0.08 0.27 0 1 
Calorie Insecure(<=2,122 Kcal,  1 if yes) 0.33 0.47 0 1 
Diversity insecure ( Lowest Quartile, 1 if yes) 0.41 0.49 0 1 

Land less (<= 50 decimals, 1 if yes) 0.56 0.50 0.00 1 
N 4,423 

 

Table 3 Association of Food security indicators with household’s access to food 

 Per Capita daily food expenditure Per Capita daily non-food expenditure 

 
Coefficient 

(Without control) 
Coefficient 

(With control) 
Coefficient 

(Without control) 
Coefficient 

(With control) 

Calorie Intake 0.020*** 0.005*** 0.020*** 0.004*** 
 (0.000) (0.001) (0.000) (0.001) 

Dietary Diversity Score  6.040*** 2.091*** 5.906*** 1.451*** 
 (0.181) (0.246) (0.185) (0.269) 

Land Holdings  0.003 0.026*** 0.006* 0.023*** 
 (0.003) (0.003) (0.003) (0.004) 

Food shortage -12.048*** -6.295*** -9.129*** -3.312* 
 (1.379) (1.704) (1.324) (1.749) 

N 4,423 
Note: We control household headship, household head’s age, education and occupation, household size, electricity access, use of sanitary latrine and 

participation in safety net programs. Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1.  
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Table 4 Association with nutrition status of children under 5 years. 

VARIABLES HAZ WAZ 

 
Coefficient 

(Without control) 
Coefficient 

(With control) 
Coefficient 

(Without control) 
Coefficient 

(With control) 
Calorie Intake 0.00025*** 0.00022*** 0.00024*** 0.00017*** 

 (0.00006) (0.00006) (0.00005) (0.00005) 

Dietary Diversity Score  0.04584** 0.007 0.04071*** -0.00938 
 (0.01889) (0.02096) (0.01541) (0.01698) 

Land Holdings  0.00090*** 0.00116*** 0.00098*** 0.00101*** 
 (0.00031) (0.00036) (0.00025) (0.00029) 

Food shortage -0.16026 -0.03692 -0.23777** -0.09817 
 (0.12846) (0.13111) (0.10473) (0.10614) 

N 1,736 
Note: We control children’s age and gender, household headship, household head’s age, education and occupation, household size, electricity access, use of 

sanitary latrine and participation in safety net programs. Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1 

Table 5 predictability Calorie intake by alternative indicators 

VARIABLES 

 Dietary 
Diversity Score 

Self-
reported 

Land 
Holdings 

DDS & Self-
reported DDS & Land 

Self-
reported & 
Land 

DDS & Self-reported 
& Land 

Coefficient 237.02*** 94.77*** 151.35*** 281.26*** 349.70*** 230.37*** 393.00*** 

Standard error (10.13) (10.03) (10.67) (13.07) (13.51) (14.06) (15.57) 
Household characteristics Y Y Y Y Y Y Y 

Observations 4,423 4,423 4,423 4,423 4,423 4,423 4,423 
R-Square 0.24 0.16 0.18 0.22 0.26 0.19 0.25 

Note: We control household headship, household head’s age, education and occupation, household size, electricity access, use of sanitary latrine and 

participation in safety net programs. Standard errors in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 
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Table 6 Vuong test result for calorie intake 

 Self-reported Land 
DDS & Self-
reported DDS  & Land 

Self-reported & 
Land 

DDS & Self-
reported & 
Land 

DDS  9.90 6.30 2.60 -2.50 5.30 -2.00 
Self-reported   -3.10 -13.00 -9.90 -7.40 -13.00 

Land    -5.10 -12.00 -2.70 -11.00 
DDS & self-reported     -3.80 5.40 -5.60 

DDS  & Land      8.60 0.96 
Self-reported & Land       -13.00 

Positive estimate indicates that row indicators is preferred model. All the estimations are statistically significant. We control household headship, household 

head’s age and education, household size, electricity access, use of sanitary latrine and participation in safety net programs.  

 

Table 7 Vuong test result for height for age (HAZ) 

  

Self-reported Land 
DDS & Self-
reported 

DDS  & 
Land 

Self-reported & 
Land 

DDS &  
Self-reported & 
Land 

 DDS  0.0051 -1.4 0.15 -1.2 -0.95 -0.95 

 Self-reported   -1.4 0.17 -1.1 -0.89 -0.82 

 Land    1.5 1.1 1.2 1.3 

 DDS & Self-reported     -1.1 -0.98 -0.89 

 DDS  & Land      0.25 0.68 

 Self-reported & Land       0.3 
Positive estimate indicates that row indicators is preferred model.  None of the estimations are statistically significant. We control household headship, household 

head’s age and education, household size, electricity access, use of sanitary latrine, participation in safety net programs, sex of the children and age of the 

children.  



24 

 

 

Table 8 Vuong test result for weight for age (WAZ) 

 

Self-reported Land 
DDS & Self-
reported 

DDS  & 
Land 

Self-reported & 
Land 

DDS &  
Self-reported &  
Land 

DDS  -0.44 -1.6 -0.66 -0.8 -0.72 -0.36 

Self-reported   -1.5 -0.12 -0.66 -0.31 -0.0031 

Land    1.4 1.7 1.8 1.9 

DDS & Self-reported     -0.48 -0.27 0.046 

DDS  & Land      0.36 1.1 

Self-reported & Land       0.75 

Positive estimate indicates that row indicators is preferred model. None of the estimations are statistically significant. We control household headship, household 

head’s age and education, household size, electricity access, use of sanitary latrine, participation in safety net programs, sex of the children and age of the 

children.  

Table 9 Loss function for Calorie intake 

 DDS Self-reported Land DDS- Self DDS-Land Self- reported-Land All mean 

DDS  -36968 -28554 -5312 9096 -21160 6844 

Self-reforted -24.70  8414 31655 46063 15808 43812 

Land -17.14 7.56  23241 37650 7394 35398 

DDS- Self -4.94 19.76 12.19  14408 -15848 12156 

DDS-Land 9.64 34.34 26.78 14.58  -30256 -2252 

Self-Land -14.25 10.45 2.88 -9.31 -23.89  28004 

All mean 4.87 29.57 22.00 9.81 -4.78 19.12 1 
Note: Numbers in the cells shows the difference between row model vs column model. Upper triangular present MSE and lower triangular presents MAE 

estimations. All the estimates are statistically significant. We control household headship, household head’s age, education and occupation, household size, 

electricity access, use of sanitary latrine and participation in safety net programs. 
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Table 1 Loss function for height for age (HAZ) 

 DDS Self-reforted Land DDS- Self DDS-Land Self-Land All mean 

DDS  -0.03496 0.01147 -0.03571 0.00577 -0.03569 0.00385 

Self-reforted -0.00533  0.04643 -0.00075 0.04073 -0.00073 0.03881 

Land 0.0050887 0.01042  -0.04718 -0.00570 -0.04716 -0.00763 

DDS- Self -0.005166 0.00016 -0.01025  0.04147 0.00002 0.03955 

DDS-Land 0.0018359 0.00717 -0.00325 0.00700  -0.04145 -0.00192 

Self-Land -0.0041485 0.00118 -0.00924 0.00102 -0.00598  0.03953 

All mean 0.0015706 0.006901 -0.00352 0.006737 -0.00027 0.005719  
Note: Note: Numbers in the cells shows the difference between row model vs column model. Upper triangular present MSE and lower triangular presents MAE 

estimations. All the estimates are statistically significant. We control household headship, household head’s age, education and occupation, household size, 

electricity access, use of sanitary latrine, participation in safety net programs, sex of the children and age of the children. 

Table 2 Loss function for weight for age (WAZ) 

 DDS Self-reforted Land DDS- Self DDS-Land Self-Land All mean 

DDS  -0.0402 0.0108 -0.0447 0.0030 -0.0441 0.0006 

Self-reforted -0.0071  0.0510 -0.0045 0.0432 -0.0038 0.0408 

Land 0.0046 0.0117  -0.0556 -0.0078 -0.0549 -0.0102 

DDS- Self -0.0087 -0.0017 -0.0134  0.0477 0.0007 0.0454 

DDS-Land 0.0028 0.0099 -0.0019 0.0115  -0.0470 -0.0024 

Self-Land -0.0088 -0.0017 -0.0134 -0.0001 -0.0116  0.0447 

All mean 0.0012 0.0083 -0.0035 0.0099 -0.0016 0.0100  
Note: Note: Numbers in the cells shows the difference between row model vs column model. Upper triangular present MSE and lower triangular presents MAE 

estimations. All the estimates are statistically significant. We control household headship, household head’s age, education and occupation, household size, 

electricity access, use of sanitary latrine, participation in safety net programs, sex of the children and age of the children. 
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Table 12 Prediction error using DDS cut-off points 

 Insecure Secure Exclusion error Inclusion error Right prediction 

First decile 0.05 0.62 0.27 0.05 0.68 
Second decile 0.11 0.55 0.22 0.13 0.66 
Third decile 0.18 0.44 0.15 0.24 0.61 

 

Table 13 Estimation discontinuity in DDS distribution using data inference system 

 C=2122  C=1850  

  Left of c   Right of c   Left of c   Right of c  

Number of obs 1127 1324 735 1621 

Bandwidth local  polynomial  501.94 501.94 625.34 625.34 

Bandwidth bias corrected 402.38 402.38 392.66 392.66 

 estimates p-value estimates p-value 

Conventional 0.08 0.60 0.02 0.90 

Bias-corrected 0.09 0.57 0.12 0.45 

Robust 0.09 0.73 0.12 0.76 

Note: Bandwidth selector proposed by Imbens and Kalyanaraman (2012) and we use a traingular karnel for estimation. 
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Figure 1 Discontinuty of DDS at calorie intake thresholds 


