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Further, let  denote the indices for GTAP commodities, AIDADS commodities, 
region, and stratum respectively. The approach to generating the change in per capita calories at the NPL 
may then be described as follows:  

Using the mapping from 57 GTAP commodities to nine AIDADS commodities we obtain the 
“per day per capita calorie intake from consumption of the AIDADS commodity in physical units.” This is 
simply the sum of calorie intake from the GTAP goods that are components of the specific AIDADS 
commodity. 

 

 

 

Note that this is not stratum specific, as we do not expect the calorie content of the commodities 
consumed by poor people belonging to different strata to differ.16 This is reflected in our formulation that 
follows, which states that per day per capita calorie intake at the NPL is the same, irrespective of which 
stratum the individual belongs to: 
 

 

 

Once we have this, we can calculate the “calorie content per dollar spent on consumption for the 
AIDADS commodity at base period prices.” Let us denote it by : 

 

 

where  is the per capita annual consumption expenditure in millions of dollars on commodity , in 
stratum  of region . Note that in the expression above the unit of the numerator is calories per day per 
capita and that of the denominator is dollars per day per capita. Accordingly, the units for  are 
calories per dollar, which is what we had set out to achieve. 

As alluded to earlier, we are interested in obtaining the change in “calories from each 
commodity”  and change in “total calories” . The first would simply be the change in 
consumption of each commodity multiplied by the coefficient : 

 

 

 

The term  in the preceding expression appears in the general equilibrium model as a 

linear (percent change) variable associated with the per capita consumption at the NPL. For deriving the 
change in total per capita calories at the NPL, we just need to sum over commodities the changes in 
commodity-specific calories:  

                                                      
16 The assumption involved is that people at the NPL all have similar per capita income to begin with and owing to it 

consume commodities of similar quality. That is a simplification as it does not account for differences in consumption owing to 
other factors such as gender, age, health status, and so on. 
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Simulation: Stochastic Shocks Approach  

 Given our interest in understanding the interplay between trade policies and calorie consumption in the 
presence of commodity price volatility, we need to develop a stochastic simulation approach for our CGE 
model. We first seek to model the process by which stochastic prices arise and then compare the results of 
that process with the FAO observed price volatility to check whether the model is a valid representation 
of the reality. Ensuring that our model can replicate the observed historic volatility in prices is very 
important for the credibility of our policy experiments. To that end we employ Stochastic Simulation 
Analysis (SSA), outlined in Arndt (1996), which for a specified distribution recovers the means and 
standard deviation for endogenous variables. We then overlay alternative policy regimes on top of this 
baseline to examine the changed moments of distribution for calorie consumption owing to the policy 
change. 

If we were interested only in the consumption-side impact of commodity price volatility, we 
could randomly sample from grain price distribution and shock the prices in the consumer demand system 
to see the impact on calorie intake. However, we are also interested in the income-side impacts, and 
furthermore, we wish to overlay alternative trade policy regimes. This makes prices in our model 
endogenous. Therefore, we approach the issue in an indirect fashion. We postulate that volatile prices 
arise from volatility in output,17 which we can also observe from the FAO production data. Since output is 
endogenous to our model, we seek to replicate the observed volatility in prices and outputs by means of 
output productivity shocks. More is said below about the distribution of the productivity shocks from 
which we sample. 

Using the stochastic shocks serves three purposes. First, with this method we can use it to validate 
the CGE model. Second, we can generate the calorie intake distribution for the poor at the NPL. Finally, 
we can analyze the impacts of Special Safeguard Mechanism.  

CGE Model Validation 

The previously described mechanism works well to generate caloric changes in the wake of price and 
income changes, provided that the model offers a good approximation to the real world, but we have not 
yet tested this. This issue is the topic of the present section. We do so by examining whether the model 
can reproduce the crop price volatility seen historically. This is also the strategy for a CGE model 
validation recently espoused by Valenzuela et al. (2007). 

The main objective of the modeling exercise is to be able to infer the distribution of endogenous 
variables (particularly nutrition) owing to volatility (not just changes) in prices of certain agricultural 
commodities. We focus on grains – rice, wheat, coarse grains, and oilseeds – with the reason being that 
grains make up the major share of agricultural production and they consist of a large proportion of poor 
households’ consumption. In terms of calorie intake at the NPL, it turns out that about three-quarters of 
the total 2,126 Kcal is obtained through the consumption of staple grains alone. 

To set target (observed) volatility we make use of data from FAOSTAT. The used measure of 
volatility is the standard deviation.18 Details about the process of setting target volatility and SSA can be 
found in Appendix 4.  

Estimated volatility obtained as a result of technology shock sensitivity analysis along with 
observed volatility is reported in Table 4. As can be seen, the estimated standard deviation in prices is 

                                                      
17 This is a valid assumption to make for agricultural commodities as output is often sluggish in adjustment and the burden 

of market clearing is disproportionately borne by prices. 
18 Although modeling volatility in a more systematic manner, as in Valenzuela (2006), would be desirable, to begin with we 

decide on a simpler approximation to set up the machinery and keep the model simple on the volatility estimation front.  
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quite close for rice, coarse grains, and oilseeds. Wheat fits less well, but the historical series is dominated 
by a few outliers as shown in Figure 4. The outliers have undue influence on the historically observed 
standard deviation.   

Table 4.  Observed and estimated volatility in output and prices in Bangladesh 

 Output Price 

Commodity 

Observed 
Standard 
Deviation 

Estimated 
Standard 
Deviation 

Observed 
Standard 
Deviation 

Estimated 
Standard 
Deviation 

Rice 5.88 5.86 13.58 14.03 

Wheat 13.36 16.15 19.62* 7.69 

Coarse Grains 41.02** 9.15 7.69 9.62 

Oilseeds 3.77 11.15 8.47 8.73 

Source: Authors’ calculation using FAO data and SSA results. 
* This high number results from a jump in the price series, which appears to be a result of some change in the wheat policy 
regime. This gives rise to an outlier problem in the series as is pointed out in Figure 4. Once this point is dropped from the series, 
the standard deviation result turns out to be 8.57, which is quite close to the model results. 
** The number appears again as a result of an outlier in the coarse grain production series (see Figure 3). 

Figure 3.  The year-on-year proportionate change in production 

 
Source:  Authors’ calculation using FAO production data. 
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Figure 4.  The year-on-year proportionate change in prices 

 
Source: Authors’ calculation using FAO price data. 

 

Policy Experiment: Special Safeguard Mechanism 

One point of interest in this analysis is how the implementation of Special Safeguard Mechanism affects 
the caloric distribution. Arguments in favor of SSM expect it to either raise mean caloric attainment or 
reduce the associated standard deviation, or both. Whether the data support this intended result of SSM is 
what we try to infer from our simulations. But first we briefly outline the type of SSM considered. 

According to the most recent WTO modality proposal on SSM, a country can resort to either a 
price- or volume-based SSM. We concentrate on import volume triggering the SSM into action. Hertel 
and Martin (2008) provide a simplified interpretation of the technical modalities. The model here follows 
those authors in modeling the SSM. 

To briefly outline, if a product’s imports in a year surpass their base year value by a given 
percentage, the country has a right to raise tariffs on that particular product, subject to an upper bound. 
We model this as a complementary slackness condition between the supplementary tariff and an 
expression involving the ratio of imports to maximum permissible growth in imports – indicating import 
surge. Any time imports exceed the permissible hike in quantity, the supplementary import tariff is 
introduced, raising prices of imported products and thereby restricting imports to the permissible level. By 
restricting supply, the import restriction affects the price of domestic products as well. This change in 
domestic and imported prices gets translated into calorie change through the demand system link.  

To derive a distribution of calories with the SSM implemented, we do the same SSA experiment 
as before. The objective is to see what the price volatility would have been and how in turn it would affect 
the distribution of calorie intake around the NPL.  
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4.  RESULTS 

The stochastic simulations are conducted under two different policy scenarios, as outlined in the previous 
section. The first is without the special safeguard mechanism and the second is with the SSM operational. 
Each gives a different set of calorie consumption distributions.  

We assume that the distribution of calories is normal19 for the people around the NPL. With the 
normality assumption, we need only mean and variance for the calorie change variable (which we have 
from SSA) to fully characterize its distribution. We are therefore now in a position to say something about 
the distribution of calories20 for a person belonging to households in the neighborhood of the NPL, drawn 
from any of the seven strata.  

The distributions for each stratum in the absence of the SSM are plotted in Figure 5a. The plotted 
probability distributions cover three standard deviations around the mean. The horizontal axis represents 
daily per capita calorie intake, and the vertical axis has the associated probability density.  

Note that the standard deviation for the agricultural stratum is relatively tighter compared with all 
others. This is an expected result because their access to food (even if they are net buyers of food) is 
much less dependent on the market,21 and hence the effect of food price volatility on their consumption 
and calorie intake is relatively modest. This result—the agriculturally self-employed are less vulnerable to 
the impact of high price volatility on calories—by itself is interesting and is worth further exploration. We 
have not found any studies contradicting or supporting our finding here.  

Figure 5a.  Nutritional distribution (no SSM) for individuals at the nutritional poverty line in the 
baseline (by earnings stratum) 

 
Source: Authors’ calculation using model simulation results. 
 

                                                      
19 We are not claiming that the true distribution is normal; it could be skewed or it could be truncated. Unfortunately, the 

only information we have about the distribution is its mean and standard deviation. We use the normal distribution for illustrative 
purposes only. 

20 We can derive the mean for calories from the mean for the change in calories variable (2,126 – calories) and the standard 
deviation for the two is the same owing to the standard relation: if  then . 

21 In keeping with our maintained hypothesis of the separation of farm firm and household activities in the micro-simulation 
model, all the households in each stratum (including agriculturally self-employed) buy all their food while the agriculturally self-
employed households also sell food. So for agricultural households, the consumer and producer price effects tend to offset one 
another. Therefore, their terms of trade, real incomes, and nutritional attainment are less volatile. 
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The mean and standard deviation for some variables of interest under the different policy 
scenarios are reported for comparison in Table 6. It can be seen that crop and oilseed prices become more 
volatile in the presence of SSM. Those for imported products are higher owing to the hike in import 
tariffs; domestic production is sold at a higher price given the drop in aggregate supply. Domestic 
production increases but not by enough to cover the supply shortage. Also, intuitively it seems reasonable 
that the prices should fluctuate more to clear the market if attempts are made to restrict quantities.22  

Figure 5b shows that the mean nutrition distribution across strata still retains the same ordering 
under the SSM as under the previous (non-SSM) regime; agricultural strata still witness the least standard 
deviation for calorie intake. Visually no difference is apparent barring the changed numbers on the 
horizontal axis.  

Figure 5b: Nutritional distribution (SSM) for individuals at the nutritional poverty line in the 
baseline (by earnings stratum) 

 
Source: Authors’ calculation using model simulation results. 
Note: In both figures we exclude the transfer stratum, as it earns its income by government transfers and not by 
means of any factors of production it owns. 

 
 

                                                      
22 Following the same logic, any attempts at quantity trigger implementation should stabilize prices. The quantity trigger, 

however, is more difficult to model and needs to be studied separately. For likely impacts of quantity trigger on poverty one can 
refer to Hertel and Martin (2008). 



20 

Table 6.   Mean and standard deviation outcomes for key variables in Bangladesh (percentage change from 2001 base) 

Mean 

Crop Power of Tariff Import Price Domestic Price Import Quantity Output 

 No SSM SSM No SSM SSM No SSM SSM No SSM SSM No SSM SSM 

           

Rice 0 6.40 -1.52 4.70 1.54 1.65 37.05 -11.65 -0.17 -0.15 

Wheat 0 3.25 -0.88 2.19 -0.02 1.67 2.34 -1.77 -1.20 1.44 

Coarse grains 0 0.08 0.17 0.25 0.82 1.04 0.05 0.28 -0.01 0.09 

Oilseeds 0 1.77 0.69 2.28 0.73 1.03 0.92 -2.72 0.00 0.32 

 

Standard Deviation 

Crop Power of Tariff Import Price Domestic Price Import Quantity Output 

 No SSM SSM No SSM SSM No SSM SSM No SSM SSM No SSM SSM 

           

Rice 0 8.13 4.34 8.22 14.03 14.16 86.49 26.79 5.86 5.84 

Wheat 0 5.50 6.38 6.42 7.69 9.30 17.04 12.07 16.15 13.00 

Coarse grains 0 0.42 5.03 4.89 9.62 9.85 3.83 3.99 9.15 9.03 

Oilseeds 0 3.67 8.31 7.12 8.73 9.00 17.56 12.53 11.15 10.78 

Source: Systematic sensitivity analysis of stochastic shocks in the CGE model. 
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For individual stratum, the differences in caloric distribution across policy regimes are compared 
by plotting alongside it’s distributions under the two regimes. The shift in the distribution for all strata 
can be seen in Figure 6. The moments of the distribution are reported separately in Table 7.  

Figure 6.  Nutritional distribution with and without an SSM 
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Figure 6.  (Continued) 

  

  

  
Source:  Authors’ calculation using model simulation results. 

Table 7.  Moments of nutrition distribution with and without a quantity-triggered special safeguard 
mechanism (SSM) 

 Non-SSM SSM 

Stratum Mean 
Standard 
Deviation Mean 

Standard 
Deviation 

     
AGRICULT 2120.69 88.99 2120.72 88.97 

NNAGRCLT 2122.69 130.79 2121.16 132.53 

URBLABOR 2122.45 125.54 2121.11 127.06 

RURLABOR 2122.48 125.97 2121.12 127.51 

TRANSFER 2122.98 123.39 2121.58 124.98 

URBDIVRS 2122.08 117.18 2121.03 118.39 

RURDIVRS 2122.19 119.47 2121.05 120.77 

Source: Authors’ calculation using model results. 

Two main points emerge from comparing the distributions across regimes. First, the mean and 
standard deviation/volatility get worse for all but the agricultural stratum. Second, there do not appear to 
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be large differences between the distributions under the different policy regimes. Both of these points 
deserve further discussion.  

The agricultural stratum, as we defined, draws more than 95 percent of its income from 
agricultural self-employment. These are the people that we should expect to be least affected as buyers of 
food and actually even benefit from higher mean domestic prices translating into higher incomes. This is 
what the distribution for the agriculturally self-employed group seems to be capturing. So this stratum is 
adversely affected by the higher consumer prices, but it also benefits from higher income. We expected to 
see similar higher-income effects for the rural labor stratum. 

The small difference in the mean and standard deviation for all strata can be due to the fact that 
despite being a major food importer, Bangladesh imports a very small percentage of its rice consumption. 
It can be deduced from Food and Agricultural Statistics data in Table 8 that between the years 2000 and 
2008 imports of rice in Bangladesh at their maximum varied from about 1 to 5 percent of the domestic 
production. Though there has been emphasis in the country on building stocks of grain commodities, the 
rate of depletion has been higher than accumulation (Shahabuddin 2008) and so it is safe to assume that 
imports make for a similar share in consumption as in production. A policy affecting rice import quantity 
or prices, therefore, should not be expected to have a major impact, given the small initial share of 
imports in consumption and relatively limited domestic production volatility. 

Table 8.  Rice production and consumption data 

Year 
Milled Production (in 

’000 metric tons) 
Total Consumption*  
(in ’000 metric tons) 

Production as Percentage of 
Consumption 

1999/2000 23,066 23,766 97 

2000/01 25,086 24,958 101 

2001/02 24,310 25,553 95 

2002/03 25,187 26,100 97 

2003/04 26,152 26,700 98 

2004/05 25,600 26,900 95 

2005/06 28,758 29,000 99 

2006/07 29,000 29,764 97 

2007/08 28,800 30,400 95 

Source: Authors’ calculation using Foreign Agricultural Service data. 
* Total consumption includes food, seed, feed, industrial, and waste. 

The analysis here shows that given that the imports in Bangladesh do not constitute a large share 
of consumption and that the majority of its poor population is not concentrated in the agriculturally self-
employed stratum (Hertel et al. 2007), the SSM—which was one of the triggers for the collapse of the 
ministerial meeting under the Doha Development Agenda in July 2008 (ICTSD 2008)—does not lead to 
any significant changes for the impoverished population in Bangladesh. It cannot be a policy tool that can 
help the poor be less vulnerable, as we have seen from the calorie consumption distributions.  

Our analysis also suggests that SSM policies will adversely affect the countries that rely heavily 
on imports to meet their consumption needs for staple grains. Particularly the poor, whom we argued to 
be mostly net buyers of food, seem to lose in terms of caloric attainment, the magnitude of which depends 
on what share of consumption is met through imports. Any gains from the SSM appear to be concentrated 
in a particular stratum that represents the producers in the economy. These gains in this stratum might 
differ across households depending on the magnitude of their net sales. However, whether producers can 
realize the potential benefits of higher commodity prices depends on price transmission (price controls 
and export bans are often used), transaction costs (which are quite high in developing countries in the 
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absence of infrastructure), and cash/credit constraints (Oxfam 2008). These are some realities that our 
model overlooks.  

Another important issue that the model here does not address is that of consumption smoothing. It 
is often argued that the effects of any temporary negative shocks to consumption will often be countered 
by the sale of assets. Kazianga and Udry (2006), studying households in rural Burkina Faso, however, 
found little evidence for consumption smoothing against income risk. We decided to overlook the 
consumption smoothing argument for the following reasons. First, the population that we are concerned 
about has very limited assets to begin with; that is why they are so poor. Second, they can counter a 
temporary negative shock by drawing down their assets in one period; however, the findings of Kazianga 
and Udry (2006) seem to suggest that the risk attitudes of the poor place higher weights on adverse 
income draws and they therefore try to conserve their assets to face the expected future negative shocks. 
Third, the dis-savings option can be rightly captured only in a dynamic framework, and dealing with 
stochastic shocks in a dynamic framework becomes far too complicated and the framework loses much of 
its analytical tractability.  
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5. CONCLUSIONS 

The household consumption side of this study capitalizes on recent advances in demand system analysis 
that emphasize consumption behavior at extremely low levels of income (Cranfield et al. 2004). In 
particular, we use AIDADS, which devotes two-thirds of its parameters to consumption behavior at the 
subsistence level of income. By estimating this demand system with a combination of macro- (i.e., 
international cross-section) and micro- (i.e., household survey) data, we establish a firm empirical link 
between aggregate outcomes and disaggregate consumption choices23 in the face of price and income 
changes. We use calorie conversion factors to translate these changes in consumption at low levels of 
income into changes in calorie outcomes.  

For policy analysis purposes, it is important to investigate and understand the potential nutrition 
implications of a macroeconomic food trade policy. As briefly mentioned earlier, the two priors to think 
about when arguing for any policy are: how important are imports in the consumption basket in terms of 
share of consumption, and from where do the poor derive the majority of their income? The higher the 
share of imports in consumption, the more will be the adverse effect of an import price increase resulting 
from policy implementation. Such potential vulnerabilities are greater for certain subsections (children 
younger than two in poor households) of the population dependent on imported foods. The adverse price 
effect ceteris paribus affects poor people in all strata equally. The positive income effect of higher 
domestic agricultural prices is, however, reaped by the poor (self-employed or labor) only in the 
agricultural stratum. Also, as the impact differs across strata, the impact of a policy on the poor as a whole 
will also depend on the share of each stratum in the poverty population. The thin trade market and the low 
domestic production volatility for the important staple grains also contribute to mute the effects of policy 
on caloric distribution. 

We apply our methodology to Bangladesh, but it could be applied to other developing countries 
for which comparable calorie conversion and survey data are available. In addition, whereas the present 
paper is by nature more of a country case study, as more data becomes available one could expand the 
number of focus countries in the hope of learning what happens to calories at the NPL in general. The aim 
would be to incorporate countries that import higher shares of their grain consumption.24 It would be 
interesting to see what happens to the poor in those countries; we already know from some studies that 
their food consumption has drastically fallen (von Braun 2008). 

In addition, the approach could be extended to intake of other micronutrients if one could acquire 
a country-specific commodity list necessary for the purpose. With the possibility of including other 
micronutrients in the model, we can possibly link intake of these to anthropometric characteristics of the 
population, and be able to say something nutrition defined more precisely. With anthropometric measures 
it also becomes important to differentiate between households on the basis of their demographic 
composition, as households with young children especially below two years of age will be more prone to 
adverse effects of increased price volatility; so it would require stratifying the households not only by 
income source but also by demographic composition.  

Finally, we have not said anything about what happens to the distribution over time. There are, 
we know, econometric studies that explore that issue, but if we were to incorporate a high-frequency (say 
yearly or so) version of the household data we could learn something about how this distribution changes, 
and that would be an alternative approach to generating the change in the distribution overtime. 

The framework herein does not claim to incorporate all the fine details that arise with a topic as 
complicated as nutrition, and neither do we claim to be able to address all questions with this model. An 
analysis of changes in calorie intake as a measure of nutrition vulnerability has its limitations, and further 
investigation is needed into changes in dietary quality and micronutrient nutrition. The highlight of the 

                                                      
23 Apart from price and income changes, other important factors such as age, education level of mothers, physiological 

status, and cultural practices determine people’s consumption choices (FAO 2001); those, however, are not accounted for in the 
present analysis. 

24 For example, Lebanon is known to import about 40 percent of its food requirements. 
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paper, however, remains that we now have in place a framework by which to analyze the impacts of crop 
price volatility on caloric distribution.  
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APPENDIX 1 

Maximum Entropy Estimation of the AIDADS Consumer Demand System  

The idea behind maximum entropy is to get parameter estimates for the demand system that are consistent 
with some known facts about the population’s income distribution. Thus, estimation takes place at the 
level of individual (or, rather, percentile-representative) households, with national per capita demand 
being obtained as an aggregation across the income distribution. The system estimated can be written as 
follows: 
 

Max      

with respect to α, β, γ, κ, ut, utcl, ρtcl, vit, ris  

   Subject to—  

  (1)  

 

  (2) 

 

  (3) 

 

  (4) 

 

  (5) 

 
   (6) 

 

   (7) 

 

  (8) 
where: 

n: number of aggregate goods 
αi: marginal budget shares for good  at the lower levels of the income spectrum 
βi: marginal budget shares for good  at the upper levels of the income spectrum 
γi: subsistence level of consumption of good  
κ: kappa in the utility equation 
ut and utcl: utility in country  or at level  of class  in country  (whichever is applicable 
according to the data availability for the country)  
ρtcl: weights used in the distribution for level  of class  in country  
vit: error term in the demand equation for good  in country  
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ris: Cholesky factors of the variance covariance matrix of the error terms  

Pit: price for good  in country  
Yt and Ytcl: per capita income in country  at level  of class   

: estimated budget share of good  in per capita expenditure in country  
 

In terms of data requirements, we use countries’ private consumption expenditure for a commodity, which 
in GTAP terminology is the sum of private consumption expenditure on imports (VIPA) and private 
consumption expenditure on domestic production (VDPA). As for prices, we approximate those by the 
ratio of the value of imports at market prices to that at world prices. It can be argued that this measure is 
more representative of tariffs than commodity prices; however, this is the best measure of prices available 
from the GTAP database. Population numbers are used to derive per capita consumption and income 
since the demand system is estimated in per capita terms. 
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APPENDIX 2 

Calibration of the AIDADS Consumer Demand System  

For calibration purposes, the squared difference of equation 1 of the AIDADS model given in Appendix 1 
is minimized for each region individually.  

 

 

 

Being done at the country level, this gives an optimal value of country-level utility  for each of 
the 34 regions. The parameters  remain at their estimated levels, and  are the 
observed/calculated data.  

Once we have all the above parameters along with the utility at country level, it is easy to 

calculate the predicted discretionary budget shares  and predicted consumption  for each 
commodity  in region  as follows:  

 

 

 

 

 

The actual discretionary budget shares can be calculated as 

 

 

 

Next, the ratio of actual to fitted discretionary budget shares is used to scale . As the ratio 
involves a country index, the scaled parameters now vary by country as well as commodity: . 
Furthermore, as mentioned in Appendix 1, these being shares, we need to ensure that for each region they 
add up to one. So, finally, our new scaled estimates are  and  

Given that we now have the starting values for utility along with the customized parameters, the 
next step is to minimize the sum of squared errors of the demand equation. Once again, given that the 
objective is to replicate per capita consumption at the country level, use is made of the demand equation 
at the country level. The errors are minimized by letting the variables  and  adjust. 
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This step ensures that the observed per capita consumption and the predicted match to the order 
of about eight decimal points. 

Note that the preceding calibration procedure attributes all the difference between observed and 
predicted per capita budget shares to the discretionary part of the budget shares; the subsistence part given 

by  is assumed to be calculated correctly and so is not tampered with in the calibration stage. 
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APPENDIX 3 

Estimating Calorie Consumption per Unit of Expenditure in Initial Equilibrium 

The HIES 2000 database, along with the other aggregate expenditures, provides detailed data on 
consumption. It reports data on consumption of 7,440 representative households, each identified in the 
survey by a unique household code. We in particular use the following data series:  

 Per capita total expenditure of household for the survey period:  

 Number of days over which the data for each household were collected:  

 Number of individuals in the population that a given household represents. Let’s call this last 
one individual weight:  

Given the per capita total expenditure of the household and the number of days to which the data 
corresponds, we can calculate the per capita annual expenditure for the household. We use this series to 
sort the entire survey in order to divide the households into income percentiles25. 

 

 

To divide the population into income percentiles, we construct another variable that we call 
weight percent: . If we assume that the total population consists of 100 individuals, then  
represents how many of those 100 are represented by the household . 

 

 

Next we use this variable to divide the sample of 7,440 households into  groups (  = 1 … 100) 

such that 

 

So the percent share of population belonging to each group  equals 1. Note that in order to meet 
this requirement we had to split some of the households into two with each part belonging to an adjacent 
different percent group. This completes our objective of splitting the household sample into one hundred 
“1 percent” groups. 

The objective of the whole exercise is to derive the calorie intake per day per capita from 
consumption of a GTAP commodity’s quantity at the NPL. To do that, we need to know the consumption 
of the nutritionally poor. But first we need to identify the nutritionally poor population. Here a piece of 
information from the Bangladesh Bureau of Statistics 2003 survey report putting the percentage of the 
population below the NPL at 44.3 percent comes to our rescue. For our purposes we identify the one 
single household whose cumulative weight closely corresponds to that percentage figure and then take 
about a 0.5 cumulative weight percentage on each side of that one household, so that the total for the 

                                                      
25 This per capita annual expenditure when multiplied by the individual weight should give us the total 
annual expenditure of the population represented by that household.  

 
We use the variable  as a proxy for household income. 
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group equals 1. This gives us 74 such households whose collective percentage weight in the population 
equals ~1.02. We expect this group to represent the population around the NPL.26 

Once we have identified the nutritionally poor, the next step involves getting a detailed 
consumption profile of this group. Given that we have a household-specific identifier code, we can extract 
the consumption data for the nutritionally poor households. The consumption data reports the household 
identifier code, an identifier for the day of the survey period to which it corresponds, and the list of 
commodities consumed on each of the days along with the quantity consumed. We aggregate those data 
over the days to get a list of all the commodities ( ) and associated quantities consumed by any given 

household ( ) over the entire survey period. Once we have an exhaustive list of the consumption 
commodities for this 1 percent population group (there are 98 such commodities), we next want to know 
the calorie content of these commodities. As many of the consumption commodities turn out to be region 
(country) specific, we prefer a local rather than a standard calorie content list. We use such a list provided 
by IFPRI and try to map the 98 commodities to that list, which we are able to do for all but 15 goods. The 
calorie content ( ) is given in Table 1. 

This calorie content information can be combined with the data on  to get the total calorie 

intake ( ) of the household for the survey period from consumption of commodity : 
 

 

Given the survey information on household size  in each household, we derive from this the 

per capita calorie intake for a representative household individual ( ): 
 

 

So now we have the per capita calorie intake for 74 representative individuals having a one-to-
one mapping with the representative 74 nutritionally poor households. But note that the weights of these 
representative individuals in the entire country population are not the same, and therefore we cannot take 
the simple average over these individuals to get the per capita calorie intake of a representative 
nutritionally poor person. Here we again use the individual weights we derived before and get weighted 
per capita calorie intake of an individual belonging to household  from consumption of commodity  

denoted ( ): 

 

 

Now taking the simple average over individuals to get the per capita calorie intake of a 
representative nutritionally poor person is feasible. Note that this still gives us the per capita calorie intake 
for the entire survey period and not per day, so we divide these by 14 (the survey period) to get the per 
day per capita calorie intake of a nutritionally poor person from consumption of commodity  ; and 
when summed over the commodities, it should give us a number close to 2,122Kcal (per day per capita 
calorie intake of a person at the NPL): 

                                                      
26 Along with the percentage of the population below the NPL, the report also puts the per capita calorie intake of the 

nutritionally poor at 2,122Kcal. Note that the dollar/day income poverty line and the nutritional poverty line for Bangladesh lie 
pretty close together, which makes it easier to use the income-sorted household sample to identify the nutritionally poor 
population section. As mentioned in the data section of the paper, the close correspondence of per capita per day calorie 
consumption of the thus identified group (2,126Kcal) with the figure given in the survey report confirms that we are not 
completely off track. 
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  and   

 

We are close but not yet done! To be able to use this information, we need to map these 98 survey 
commodities  into the 17 GTAP food commodities . Once we have the mapping scheme in place, we 
use it to get  such that: 

 

 

And, as mentioned in the paper,  (calorie intake per day per capita from consumption of a 
GTAP commodity’s physical quantity at the NPL) is what is finally read into the GTAP model as an 
outside parameter.  
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APPENDIX 4 

Setting Target Volatility Using FAOSTAT Data 

The FAOSTAT annual time series data on production (in tons) and prices (U.S. dollars [USD]/ton) spans 
the years 1984 to 2005. The assumption can be made that this time period adequately captures historic 
volatility. Given that GTAP reports the variables in terms of the percentage change and not levels, we 
accordingly transformed our production and price series into year-on-year proportionate changes. The 
resulting production series are plotted in Figure 3. With the exception of recent swings in the price of 
wheat, most year-on-year changes are well within the +/− 50 percent interval. As a measure of production 
volatility for the four commodities, we take the standard deviation of the transformed (i.e., year-on-year 
percentage changes) production series.  

For prices, a few things needed to be addressed before we could obtain a similar proportionate 
change series. First, the FAO prices are reported for individual coarse grains and oilseed crops, and not at 
the GTAP aggregate level. To get a meaningful price series for the group, we take a production-weighted 
average of prices for barley, millet, and sorghum to get prices for coarse grains; and of castor oilseed, 
coconuts, groundnuts, linseed, rapeseed, seed cotton, and sesame seed to get the same for oilseeds.  

Second, FAO reports price series in USD/ton units starting from 1991. To derive a series starting 
in 1984, we had to take the prices in Local Currency Unit (LCU)/ton from FAO’s price archive data and 
undertake a similar exercise as outlined previously to obtain a price series in LCU/ton for coarse grains 
and oilseeds. The latter was then converted to USD/ton prices using the International Monetary Fund’s 
(IMF) exchange rate series (period average). These series are then spliced together to get the price series 
for rice, wheat, coarse grains, and oilseeds for the period 1984–2005.  

Third, there is the issue of nominal versus real prices. GTAP uses real variables, so we must 
deflate FAO nominal prices by the GDP deflator index. The deflator index is taken from the IMF. We 
decided to first rebase the index to the year 1984. This gives us the real price series corresponding to the 
four nominal series we obtained earlier. 

Finally, we take the year-on-year proportionate changes in the real price series. The price series 
thus obtained are shown in Figure 4. Just as for production, the standard deviation of the transformed 
price series gives us the target price volatility for the four grain commodities. The resulting standard 
deviations for prices and output in Bangladesh are given in Table 4. 

We conduct a systematic sensitivity analysis and employ output technology shocks (aoall) to 
generate the historically observed volatility in output. To begin with, the extreme points of the assumed 

triangular distribution for the sensitivity analysis are taken to be  times the normalized standard 
regression error for staple grains. The estimates for the latter are taken from Valenzuela (2006). Table 5 
reports these extreme endpoint values. We assume these shocks are independent across regions but are 
perfectly correlated across the four crops in a given region.  

However, this does not reproduce (falls short of) the observed output volatility because output is 
endogenous and not perfectly correlated with technology; therefore the latter shocks must be adjusted. We 
scale up the shocks for Bangladesh with a particular interest in replicating price volatility—especially so 
for rice, as it is the crop from which households at the NPL derive more than 70 percent of their calorie 
intake. 

With the model generating endogenous output and price volatility, we can compare the standard 
deviation of these changes to those observed historically. In doing so, we find that the standard deviation 
of estimated prices is too low, requiring some adjustment in the CGE model. Accordingly, we raise the 
subsistence parameter associated with staple grains consumption in our model. This makes demand less 
price responsive and raises the associated standard deviation of prices. The resulting model gives us a 
better match with price volatility in Bangladesh. Table 4 reports the observed and generated numbers for 
comparison. 
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