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Abstract:
We construct a fully integrated Macroeconomic-Environmental-Demographic (MED-health) model
with a CVD-focused health pathway, and sufficient sector detail to undertake consistent health,
environmental, and economic analyses of palm oil consumption and oil palm production in Thailand
over the coming 20 years (2016-2035). We simulate a halving of future palm cooking oil consumption
and show that patient incident and premature mortality cases from myocardial infarction and stroke
will be reduced by 0.23%-0.24%, and that regional population levels will increase by as much as 8.1
persons per 100,000 inhabitants in the long run. Rural-urban economic equity also improves except
for the rural South where reduced oil palm production reduces economic welfare and leads to land
reallocation towards crops with less favourable environmental carbon sequestration characteristics.
Promotion of oil palm production, with the aim of producing cheap cooking oil for consumption
purposes, requires careful consideration of environmental and economic impacts, but health
considerations should also be a key policy priority. Hence, reduced palm oil consumption has the
potential to help Thai society move past the current state of nutritional transition towards a more
healthy national diet, e.g. by expanding the scope for crude palm oil use in biofuel production.
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Introduction
Palm oil has a high saturated fatty acid content relative to other cooking oils. The World Health
Organization (WHO) reports ”convincing evidence” that consumption of palmitic acids contributes to
increased risk of cardiovascular disease (CVD) (WHO 2003). The health argument has, however,
received little attention in the palm oil debate, which has mainly focused on adverse environmental
and biodiversity consequences of oil palm cultivation in Indonesia and Malaysia (Koh & Wilcowe 2008,
Carlson et al 2012). Thailand, the third-largest oil palm producer in the world, produces to meet
domestic demand, and therefore provides an appropriate case for studying the integrated nature of
health, environmental and economic consequences of palm oil consumption and production.
The combination of high productivity and advantageous industrial properties has stimulated global
demand for palm oil, and oil palm currently accounts for 5% of the global harvested oil crop area and
40% of edible oil production (Petchseechoung 2016). Over the past 30 years, Thai oil palm production
has increased exponentially to 12.4 Mt in 2014 (FAO 2017), and Thai palm oil production now amounts
to 2.0 Mt or 1.2% of global supply (Petchseechoung 2016). Smallholders account for more than 85%
of oil palm production, and, while production efficiency and oil extraction rates remain low, palm oil
prices have remained stable over recent years (Rewtarkulpaiboon 2015). Increased production has
relied on increased land use (FAO 2017), but environmental degradation has so far been limited by
small-holder conversion of degraded land and abandoned rice paddy fields in the South Region
(Silalertruksa & Gheewala 2012) where more than 87% of harvested areas are located
(Rewtarkulpaiboon 2015).
Oil palm is a strategic sector in Thailand. Previous development plans have focused on the production
of edible oil and biofuel for domestic use (Dallinger 2011). The current Thai Oil Palm and Palm Oil
Industries Development Plan for 2015-2026 maintains sustainability, self-sufficiency, and food security
as priorities (Rewtarkulpaiboon 2015) and aims to expand palm plantation areas by 40%, increase
productivity by 10%, improve oil extraction rates from current Thai rates of 14-17% to Malaysia’s 20%,
and encourage oil consumption growth by 3% p.a. as well as increase the use of palm oil for biofuel
(Krungsri 2016).
At the same time, Thailand is in the middle of a dietary, nutrition and health transition. Since the
1980s, consumption of sugar and edible oils has increased rapidly at the expense of fruits and
vegetables, and this has led to rapid growth in obesity and other diet related diseases, with obesity
quadrupling between 1991-2010 (Kelly et al. 2010). While there is evidence suggesting that Thai
women are approaching the point where higher socio-economic status leads to lower risk of obesity,
the dietary convergence towards a globalised diet is accompanied by increasing health inequities,
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where particular risks are attached to individuals who have experienced low birth weights and
malnutrition in early life, but high calorie intakes in later life (ibid.)
Thai household consumption of edible oils is dominated by palm oil, accounting for 75% of edible oil
energy intake in the 2004-5 National Thai Food Consumption Survey (Kosulwat, Rojrungwasinkul,
Boonpraderm et al. 2006) and 85% of edible oil consumption value in the 2007 Social Accounting
Matrix (SAM) for Thailand (NESDB 2015). Concurrent with the increase in oil palm production and
palm oil consumption, crude death rates for ischaemic heart disease and stroke increased during
2000-2012, and constituted the two largest contributors to Thai mortality accounting for 13.7%
(68,800 deaths) and 10.3% (51,800 deaths) in 2012 (WHO 2015).
While available evidence on Thai palm oil consumption and CVD disease burden is suggestive, the
significance of the clinical pathway, linking palm oil consumption to increased risk of CVD, is debated.
Palm oil contains high ratios of Saturated Fatty Acids (SFA) to Mono Unsaturated Fatty Acids (MUFA)
and Poly Unsaturated Fatty Acids (PUFA). Substitution of SFA for MUFA and PUFA has been linked to
increased serum cholesterol levels (Mensink et al. 2003) which, in turn, have been linked to increased
incidence and mortality of Stroke and Myocardial Infarction (MI) (Basu et al. 2013). More recently, a
”Saturated Fat Controversy” has questioned the reduced form link between SFA intake and clinical
health outcomes. A recent meta-study argues that ”findings support current dietary
recommendations to replace saturated fat .. with unsaturated fats” (Wang, Li, Chiuve, et al. 2016;
Wang, Willet & Hu 2016) while other researchers argue that existing evidence show no significant link
(Ravnskov, Okuyama & Harcombe 2016; Beluri 2016).
In this study, we assume that the above-mentioned clinical health pathway is significant, and proceed
to quantify nutritional, environmental, demographic and health sub-modules in order to construct a
fully integrated MED-health model with sector-specific detail for palm oil and other substitute edible
oils. We calibrate a recursive-dynamic 2016-35 Computable General Equilibrium (CGE) model for
Thailand, and integrate a nutrition-related serum cholesterol biomarker pathway which is extended
to measure CVD-related clinical health outcomes and feedback effects on labour market participation
and health system costs. The analytical tool allows for consistent and holistic analyses of Thai oil palm
production and palm oil consumption, and is used to simulate a halving of palm oil consumption to
illustrate the potential implications for Thai policy priorities of moving towards a more healthy
national diet, including implications for environmental sustainability and regional economic
development for smallholder farmers.
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Background
Socio-economic quantitative studies of oil palm are few. The literature consists of household-level
econometric studies which highlight the benefits of oil palm cultivation and contract farming for
smallholder producers in Indonesia (Cahyadi & Waibel 2013, Euler et al. 2017), and a few published
macroeconomic simulation studies including a global CGE study which demonstrates the potential
benefits of acceleration in oil palm yield growth in Indonesia and Malaysia (Villoria et al. 2013) and a
single country CGE study which shows that the net impact of increased export taxes and higher world
market prices for palm oil has been beneficial for household welfare in Indonesia (Ikhsan et al. 2016).
To our knowledge, no quantitative studies of socio-economic impacts have previously been published
for Thai oil palm cultivation and palm oil consumption.
Economy-wide simulation studies of health policy scenarios have mainly been applied to assess either
(1) disease-specific epidemics, or (2) large-scale environmental problems with multiple-disease
impacts. The multiple-disease macroeconomic simulation literature has generally had a narrow focus
on environmental issues, including (a) single-country studies of air pollution, and (b) multi-country
studies of climate change. Single-country CGE studies have typically focused on health effects of
changes in local air pollution due to demand-constraining carbon tax interventions (Garbaccio, Ho and
Jorgenson 2000; Dessus and O’Connor 2003), while multi-country studies have focused on
temperature-related health effects of specific global warming scenarios (Bosello, Roson and Tol 2006;
Ciscar et al 2010). A more recent study of UK GHG emission reduction scenarios, covering detailed
mitigation scenarios for agriculture, active transport, and home insulation, measured health cobenefits for 17 distinct illnesses (Jensen, Keogh-Brown, Smith et al. 2013).
To our knowledge, no previous CGE model studies have fully integrated illness-specific health
pathways with feedback effects on labour markets and health system costs. The only published Thaispecific CGE study of health impacts analysed greenhouse gas (GHG) mitigation scenarios, with a focus
on carbon taxation and their ancillary benefits in terms of reduced local air pollution and improved
health, but without feedback effects on labour markets and health system costs (Li 2002). A grey
literature CGE study from the Asian Development Bank (ADB) included an assessment of health
impacts associated with organic agricultural development strategies in Thailand (Jitsuchon &
Methakunavut 2015). While Thai organic farming remains a marginal industry, accounting for less than
0.2% of agricultural land use in 2011, the ADB CGE study provides an interesting alternative nonnutrition approach to health analysis by focusing on detrimental health effects of heavy pesticide use
in conventional agriculture including eye irritation, skin diseases, respiratory tract illnesses,
cardiovascular effects, gastrointestinal tract effects, and neurological effects such as motor weakness,
distal muscles, and sensory deficit (ibid.)
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The quantitative literature on pathways between income, nutrition, health and labour markets are
diverse. Most econometric studies of income and nutrition focus on child nutrition (e.g. Smith &
Haddad 2002) while most econometric studies of income and health focus on reduced form impacts
of income on well-being indicators, but without accounting for underlying nutritional and health
system pathways (e.g. Deaton & Arora 2009). The nutrition literature generally distinguishes between
studies of (1) long-term impacts of childhood nutrition, and (2) contemporaneous impacts of nutrition
on adult productivity, where the latter is mainly focused on the efficiency wage theory and how wages
respond to the nutritional intake of workers (Alderman & Sahn 2016).
Our model includes an extended nutrition-related serum cholesterol biomarker pathway which
measures CVD-related clinical health outcomes and impacts on labour market participation. Since we
analyse nutritional impacts over a 20 year period (2016-35) and since generational impacts tend to
have a longer time perspective, we do not include long-term child nutrition pathways in our model.
Instead, we focus on contemporaneous labour force impacts of changes in excess mortality rates and
absenteeism. Our health pathway has previously been investigated in a partial equilibrium study of
palm oil taxation and health outcomes in India (Basu et al. 2013), but the broader health,
environmental, and economic feedback impacts have not previously been studied within a general
equilibrium framework.
The empirical literature on returns to improved nutrition is broad and stems from “a range of
methodologies and disciplines, including the work of economic historians, cross-country models,
microsimulation, and structural and experimental microeconomic analysis” (Alderman & Sahn 2016).
However, little evidence is available from macroeconomic simulation models. Soft integration of CGE
and epidemiological models has been pursued for infectious diseases (see e.g. Kambou, Devarajan &
Over 1992; Jefferis et al. 2008; Thurlow, Gow & George 2009) and a small number of nutritional CGE
studies have relied on fixed caloric food coefficients, but without fully specified clinical health
feedbacks to the economy (Minot 1998; Pauw & Thurlow 2011). Furthermore, existing nutritional CGE
studies tend to measure caloric intakes and nutrition deficits without measuring micro-nutrients and
excess nutritional intakes (e.g. leading to high cholesterol and obesity).
The ambitious and ongoing SUSTRANS project aims for soft model integration of a comprehensive
economic, environmental, nutritional, and clinical health model framework for the EU (Rutten et al.
2017). We aim to take the work by Rutten et al. one step further and attempt to fully integrate a
specific micro-nutrient focused health pathway within a macroeconomic CGE model. Specifically, we
construct a fully integrated MED-health model for Thailand, with the purpose of analysing a specific
nutritional exposure health pathway: (1) endogenous calculation of food demand and changes in
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micro-nutrient exposures, and their subsequent impacts on (2) regional population distributions of
serum cholesterol biomarker levels, (3) regional clinical outcomes in terms of CVD-related incidence
and excess mortality rates of Stroke and Myocardial Infarction (MI), and (4) economic feedback effects
on labour market outcomes and health system costs.
A few CGE studies have previously studied environmental policy impacts in Thailand, including singlecountry studies of GHG and local air pollution from Thai trade liberalization (Li 2005), and a global CGE
study of GHG emissions from forest conversion associated with biofuel expansion (Timilsina & Mevel
2013). Moreover, a recent CGE study of Thai biofuel production did not include environmental
indicators, but provided suggestive evidence on how future biofuel expansion may lead to increased
demand for palm oil and land use for oil palm production (Wianwiwat and Asafu-Adjaye 2013). Thaispecific environmental studies of oil palm and palm oil production include more detailed Land Use
Change (LUC) studies of oil palm production (Saswattecha et al. 2016), as well as partial life-cycle
(Saswattecha et al. 2015) and full life-cycle (Silalertruksa, Gheewala et al. 2016) LUC- and processoriented studies. While the latter studies provide a variety of different environmental and ecological
indicators including water use and biodiversity, they all provide some measure of GHG emissions and
carbon sequestration. Furthermore, Thailand was among the first signatory countries to the United
Nations Framework Convention on Climate Change in 1992 and a signatory to the Paris Agreement,
and, although a non-Annex I country, Thailand has chosen to pursue an ambitious low carbon
economy strategy (OEPP 2010).
We follow the literature and Thai government priorities, and focus on LUC-related changes in carbon
sequestration measured by CO2-equivalent emissions. In this context, there is an on-going debate over
the relative importance of direct Land Use Change (dLUC) vs. indirect Land Use Change (iLUC). Recent
Thai-specific evidence from the key Tapi river basin in the South region indicates that, while dLUC
dominated during 2000-2009, iLUC has increased, more recently, due to expansion of oil palm in
rubber cultivation areas (Saswattecha et al 2016). Hence, oil palm expansion has, indirectly, led to
relocation of rubber plantations into previously forested areas. It has also been argued, based on a global
simulation model, that future Thai expansion of biofuel production would be associated with large levels
of deforestation (Timilsina & Mevel 2013). Nonetheless, environmental degradation has so far been

limited by small-holder conversion of marginal lands including former paddy fields, abandoned fruit
orchards, and wasteland (Silalertruksa & Gheewala 2012), and since the potential for marginal land
conversion has not yet been exhausted, future Thai oil palm expansion may not require deforestation to
the extent indicated by the above-mentioned studies. Hence, while recognizing the danger of indirect
impacts on forested areas, we specify our environmental module to focus, narrowly, on measurement of
direct LUC impacts on carbon sequestration.
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In terms of agricultural supply response, an agricultural crop zoning system for Thailand was
introduced in 2012 with the purpose of addressing droughts (Pensupar 2015). Suitable administrative
zones for six agricultural crops, including oil palm, was based on land suitability, existing land use, and
other market-related factors. Discussion surrounding the zoning system focused on flexibility of supply
response to changes in market demand, and the possibility of employing the zoning system for
distributional purposes (ibid.). More recently, the government zoning strategy has been connected to
smallholder use of abandoned crop areas and the concomitant pursuit of environmental policy
objectives including sustainability and reduced CO2-equivalent greenhouse gas emissions. Hence, it
has been argued that an economic benefit-to-ecological footprint ratio indicator should be used for
zoning of oil palm plantations in Thailand (Musikavong & Gheewala 2017).
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Figure 2. MED-health model framework and feedback effects between the macroeconomy and regional
sub-models

Model framework and data sources

Our MED-health model framework for nutrition-related CVDs is illustrated in Figure 2. The central
feature is that economic incentives from the macroeconomic sub-model affect regional nutritional
intakes in the nutrition sub-module (through food consumption demand exposure) and clinical health
outcomes in the clinical health outcome sub-module (deriving distributions of illness-specific
incidence and mortality rates from distributions of nutrition-related biomarker values), and this
affects regional effective labour force participation rates (through working-age patient and caregiver
time losses) and regional working-age populations (through working-age patient mortality). Morbidity
and demographic outcomes, subsequently, interact to produce labour force and health system cost
impacts which feed back into the macroeconomic model. These endogenous feedback effects are
specified, separately, for 9 regional Thai household types (Bangkok and rural/urban splits of South,
Central & East, North, and Northeast regions), allowing intervention strategies to have region-specific
impacts in the south, where oil palm is a cornerstone of rural livelihoods and regional economic
development, and allowing simulated disease burdens to reflect regional variations in dietary
exposure.
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We calibrated our CGE model from a 2007 Thailand SAM data set (NESDB 2015). The original 260
commodities were aggregated into 49 commodities with the aim to (1) reduce computational and
analytical complexity, but also to (2) maintain all major intermediate demand pathways, and (3)
maintain key commodities (primary oil palm, processed edible oils sectors incl. palm oil, coconut oil,
and other edible oils, and bio-fuel sectors including methanol, ethanol, Benzene 91/95, Gasohol
E10/91, Diesel, Diesel B2/B5). Furthermore, we disaggregated the single household account into 9
regional households based on prior information obtained from the 2011 Household Socio-Economic
Survey (NSO 2014). The resulting unbalanced SAM matrix was balanced using standard cross minimum
entropy techniques (Golan, Judge, & Robinson 1994; Robinson, Cattaneo & El-Said 2001).
The CGE model was further extended to include an Almost Ideal Demand System (AIDS) specification
of private demand for each of our 9 regional households, based on price and income-elasticities
derived from the literature (Suebpongsakorn 2008). The original own- and cross-price elasticity matrix,
obtained from Suebpongsakorn (ibid.), did not satisfy basic regularity conditions (symmetry and
adding-up). In addition, the 26 sector price elasticity matrix and income-elasticity vector did not map
one-to-one to the 49 sector classification underlying our CGE model. Finally, the demand share
patterns, underlying the Suebpongsakorn data set, did not match either the overall or the
disaggregated household demand patterns for our 9 regional households. In order to properly
parameterize the AIDS demand systems for each of our 9 regional households, we constructed a sector
mapping and sharing formula, based on household-specific relative demand shares, which allowed us
to establish nine sets of prior parameter values. These parameter values were, subsequently, used as
prior values in a minimum cross-entropy analysis, specified with a full set of regularity constraints, to
derive a full set of posterior parameter values including a 49x49 own- and cross-price elasticity matrix
(satisfying all regularity conditions) and a 49 income-elasticity vector (satisfying adding-up constraints)
for each of our 9 regional households.
In order to measure nutritional changes from private food demand exposure, we constructed separate
nutrition modules for each of our 9 regional households. Nutritional coefficients were derived from
the 2004-5 National Thai Food Consumption Survey (TFCS) (Kosulwat, Rojrungwasinkul, Boonpraderm
et al. 2006; Jitnarin, Kosulwat & Rojroongwasinkul 2010)1 and the 2011 Household Socio-Economic
Survey (HSES) (NSO 2014). The former 2004-5 TFS survey contained ready-calculated intakes of
micronutrients, while micro-nutrient contents of food consumption from the 2011 HSES survey were
based on nutritional values derived from the SMILING database Thai food composition table (SMILING

1

The 2004-5 TFCS data set conducted in 2003-2005 by Institute of Nutrition, Mahidol University with support
from the National Bureau of Agricultural Commodity and Food Standards, Thailand. TFCS data extracts were
kindly supplied by Dr. Nipa Rojroongwasinkul, Institute of Nutrition, Mahidol University.
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2016) and the USDA food composition database (USDA 2016). Food categories were mapped to the
49 commodities of the SAM database, and separate household- and commodity-specific coefficients
were established for total energy intake, and energy intake from specific micro-nutrients including
Saturated Fatty Acids (SFA), Monounsaturated Fatty Acids (MUFA), and Polyunsaturated Fatty Acids
(PUFA).
Table 1. Total:HDL cholesterol ratio semi-elasticities wrt. SFA, MUFA and PUFA
Total:HDL cholesterol ratio (C) semi-elasticity
Source: Mensink et al. 2003.

αSFA
0.003

αMUFA
-0.026

αPUFA
-0.032

Changes in the above-mentioned set of micro-nutrients have been demonstrated to be correlated to
changes in consumers’ serum cholesterol levels (Mensink et al. 2003). Based on Mensink et al’s semielasticity estimates (Table 1), the household-specific nutritional coefficients allowed for establishing a
nutrition module which computes household-specific average energy intake shares from SFA, MUFA
and PUFA, and, subsequently, calculates average and stratified household-specific changes in Totalto-HDL serum cholesterol ratio biomarker (ΔC) levels from formula (1):
(1)

ΔCh,t = αSFA ΔSFAh,t + αMUFA ΔMUFAh,t + αPUFA ΔPUFAh,t

h ε H, t ε T

While our model framework is set up to model average serum cholesterol biomarker changes at the
regional household level, the availability of individual-specific biomarker level data allowed us to
compute intra-household biomarker distributions and thereby refine the calculation of clinical health
outcomes. Specifically, we calculate household-specific average changes in biomarker levels, and then
shift intra-household distributions by the mean according to formula (2):
(2)

Cstratah,s,t = Cstratah,s,t-1 + ΔCh,t

h ε H, s ε STRATA, t ε T

A set of 10 support points (STRATA) were specified for each intra-household biomarker distribution,
and this was matched by the construction of 11 sets of lookup-tables for clinical health outcomes
covering 10 intervals stratified to include the 10 initial support points as their mid-points. Frequency
distributions for the 10 intervals were based on individual-level biomarker data from the 2008-2009
Thailand National Health Examination Thai-HES Survey (NHESO 2009, Aekplakorn 2011).2
Simulated age- and gender-specific lookup tables for clinical outcomes were also based on biomarker
data from the 2008-2009 Thai-HES Survey (NHESO 2009). Random sampling of 10,000 simulated
individuals from normal distributions with means and standard deviations derived from the Thai-HES

2

A few initial Total-to-HDL ratio biomarker outliers were eliminated from the database.
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survey, was complemented by calculation of relative hazards for key events including non-fatal MI,
non-fatal stroke, fatal MI, fatal stroke using an established empirical methodology (Lim et al. 2007)
and relying on previously established log relative risks (Lewington et al. 2007). Individual risk was,
subsequently, calculated from a competing risks algorithm accounting for alternative causes of fatality
(Prentice et al. 1978), and relying on Global Burden of Disease data on rates of MI and stroke (Lozano
et al. 2012) and WHO data on all-cause mortality (WHO 2014).
Relative hazards were corrected for a range of co-risk factors including systolic blood pressure, total
cholesterol, tobacco smoking, diabetes, and cardiovascular event history, and stratified according to
gender, rural/urban location, and 13 five-year age groups including 11 working age groups (15-64),
and two retirement age groups ‘65-69’ and ‘70+’. Lookup tables were established for incidence and
excess mortality of two illnesses, myocardial infarction (MI) and stroke, and the chosen biomarker
support range ([2.0;7.0]) was chosen so as to encompass the full range of potential consumer-specific
biomarker levels. Altogether, 11 sets of lookup tables were established, covering 10 equidistant
intervals for the biomarker. Based on the simulated lookup tables, the clinical health outcome module
was developed to encompass both a set of discontinuous spline-functions and a set of fitted 10th
degree polynomials – all gender, rural/urban, and age group-specific. For the current paper, the health
module utilized fitted 10th degree polynomials for calculation of gender, rural/urban, and age groupPrentice specific clinical health outcomes covering incidence and excess mortality rates for MI and
stroke.
The demographic module was designed to mirror the population stratification of the health and
nutrition modules. A set of 2010-35 Thai regional population projections was obtained from the
National Economic and Social Development Board (NESDB 2013a, NESDB 2013b). The projections
were age- and gender-specific (5 year age groups), and covered 8 regions which mapped one-to-one
with our 5 region aggregation and allowed for rural/urban population splits of all regions excluding
Bangkok. The aggregated data set was subsequently employed to calibrate our demographic model,
encompassing a compact set of equations for calculating Deaths, Births, Migration (Migr), and
Population (POP) levels for our nine households (H), 20 time periods (T), thirteen quinquennial age
categories (AGE) and two gender types (GEN):
(3)

Birthsh,gen,t = sexratiogen*Σ(gen,age)|gen=’female’, age ε [15;49]asfrage,t*POPh,gen,age,t-1, h ε H, t ε T, gen ε GEN

(4)

Deathsh,gen,age,t = µh,gen,age,t*POPh,gen,age,t,

h ε H, g ε GEN, t ε T, age ε AGE

(5)

Migrh,gen,age,t = αimigrh,gen,age,t*(1-µh,gen,age,t)*POPh,gen,age,t,

h ε H, g ε GEN, t ε T, age ε AGE

(6a)

POPh,gen,age,t|age=0-4 = (1-Ptransh,gen,age,t)*(1-αimigrh,gen,age,t)*(1-µh,gen,age,t)*POPh,gen,age,t-1
11
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+ Birthsh,gen,t,
(6b)

h ε H, g ε GEN, t ε T

POPh,gen,age,t|age>0-4 and age<70+ = Ptransh,gen,age,t*(1-αimigrh,gen,age,t)*(1-µh,gen,age,t)*POPh,gen,age,t-1
+ (1-Ptransh,gen,age,t)*(1-αimigrh,gen,age,t)*(1-µh,gen,age,t)*POPh,gen,age,t,
h ε H, g ε GEN, t ε T, age ε AGE\{’0-4’, ’70+’}

(6c)

POPh,gen,age,t|age=70+ = Ptransh,gen,age,t*(1-αimigrh,gen,age,t)*(1-µh,gen,age,t)*POPh,gen,age,t-1
+ (1-αimigrh,gen,age,t)*(1-µh,gen,age,t)*POPh,gen,age,t, h ε H, g ε GEN, t ε T

where sexratiogen,t are gender- and household-specific sex-ratios at birth, asfrage,t are age-specific
fertility rates, µh,gen,age,t are age-, gender- and household-specific mortality rates, αimigrh,gen,age,t are agegender- and household-specific net emigration rates, and Ptransh,gen,age,t are age-, gender- and
household-specific annual transition probabilities between 5 year age groups. The 2010-35 population
projection data set did not include information about underlying demographic parameter
assumptions. Instead, age- and gender-specific parameters were obtained from the 2015 Revision of
UN population projections (UN 2015), and the demographic model calibration was completed through
dynamic calibration of transition probabilities between 5 year age groups (Ptransh,gen,age,t).3
The clinical health outcome module, combined with the demographic module, produces numbers of
MI and stroke incident cases and premature deaths. Patient incidence numbers are employed to
calculate Years Lost due to Disability (YLD) patient morbidity impacts, informal caregiver time losses,
and formal hospital costs, while the numbers of age-specific premature deaths are used to calculate
patient-related changes to the workforce. Computation of YLD morbidity impacts for MI and stroke
are based on YLD weights from the literature (WHO 2013)4, while calculations of caregiver time losses
for stroke, including leisure and worktime losses, are based on Thai-specific average time loss

3

Lower and upper limits on age-, gender, and household-specific transition probabilities were imposed to limit
annual transition probabilities between 5 year age groups to the interval [0.15;0.25]. For age-, gender,
household-, and time-specific transition probabilities outside the specified interval, imposition of transition
probability limits were ensured by a final ex-post dynamic calibration procedure where calibration of transition
probabilities was replaced by calibration of international migration rates.
4
The severity of stroke differs strongly between cases. This is evidenced by the distribution of Thai stroke
cases over four Barthel index-based disability categories (Riewpaiboon et al. 2009). In order to capture the
distribution of case severity, the four Barthel-categories of the latter paper (all defined by Barthel index
scores<95) were mapped to the four least severe categories (out of five) of 2010 Global Burden of Disease YLD
disability weights for stroke (WHO 2013). Together, the two distributions of Thai-specific case severity shares
and severity-specific YLD disease burdens were used to compute weighted Thai YLD disability weights for
stroke (to be used for our patient disease burden calculations). In terms of MI, the two categories of 2010
Global Burden of Disease YLD disability weights were defined for stage 1 (first 2 days, most severe) and stage 2
(following 26 days, much less severe). For MI, we therefore decided to compute a weighted YLD disability
weight using the relative duration of the two stages as weights.
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estimates (Riewpaiboon et al. 2009).5 Thai-specific hospital unit costs were also derived from Thaispecific studies, including MI-related hospital unit costs (Anukoolsawat, Sritara & Teerawattananon
2006) and stroke-related hospital unit costs (Khiaocharoen, Pannarunothai & Zungsontiporn 2012),
while workforce impacts were corrected for Thai-specific workforce participation rates (NSO 2008).
Finally, the environment module calculates CO2-equivalent emissions from land use change (LUC), based
on Thai-specific LUC-coefficients (Silalertruksa & Gheewala 2012). The database on LUC-related CO2equivalent emissions covers 20 primary agricultural crops, and a mapping between these crops and the 7
primary agricultural crops in our CGE model allowed us to derive a 7x7 matrix of LUC-related CO2equivalent emission coefficients which was used to calibrate the environmental module of our integrated
model framework.

The following section presents results of our policy simulation: A 50% reduction in palm oil
consumption by households. The counterfactual growth path is based on a balanced macro closure
with a fixed government consumption-to-absorption ratio. For the policy simulation, we use a sales
tax instrument to achieve the target reduction, and employ a government budget-neutral model
closure to ensure that the counterfactual growth path of government expenses is not affected.
Increased sales tax revenues are returned to households through proportional reductions in direct tax
rates, which do not affect incentives in our model. This ensures that the tax policy does not tilt the
balance of domestic absorption in favour of government consumption, and ensures that changes in
incentives are purely driven by the palm oil-specific sales tax instrument.
The Thai government has been managing palm oil imports since 1982, and they are currently running
a two-tiered tariff-system under WTO with a 20% tariff for imports below 4,860 tonnes, and a
prohibitive 143% above this level (Krungsri 2016). In addition, the Thai government is operating price
targets, including (occasional changes to) price ceilings on palm cooking oil and price floors on oil palm
fruit, in order to simultaneously support low-income consumers and smallholder producers. The
conflicting targets have led to occasional variation in Thai imports, and domestic and world market
prices of crude palm oil have been correlated over the past decade (ibid.). In this paper, we apply a
sales tax policy instrument to target palm cooking oil consumption. Furthermore, we assume that
long-term world market price changes will feed-through to domestic prices, and therefore allow
relative palm cooking oil prices to adjust in the long term.

5

Caregiver time losses for myocardial infarction (MI) were considered small due to short illness duration, and
therefore not included in the study. Illness duration was assumed to be around 4 weeks based on 2010 GBD
data which only assess disease burden for the first 28 days of illness (WHO 2013).
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Table 2. 50% reduction in palm oil consumption (Scenario 5): Long-run and cumulative impact indicators for 2016-35
Nutrition, biomarker, health indicators
Economic Indicators
Real GDP & sales tax (cumulative and long run indicators)
mn USD
Δreal GDP (cumulative)
- sales tax pathway (cumulative)
- health pathway (cumulative)

-0.353%

-4.06%

Δpopulation

36,315

0.0027%

13,964

0.188%

ΔMUFA energy intake share (2035)

-0.135%

-2.06%

- Bangkok2

2,183

0.0013%

14,987

0.0037%

7,896

0.0035%

8,128

0.0022%

3,122

0.0017%

225

0.003%

ΔTotal-to-HDL cholesterol ratio
% of base

- Bangkok

2,760

0.276%

- Central & East region1

3,390

0.219%

- North region1

2,598

0.341%

Δworkforce

11,663

0.0017%

- urban2

4,560

0.0012%

ΔPatient premature deaths

-4,552

-0.241%

- rural2

7,103

0.0025%

-3,803

-0.375%

-749

-0.085%

pers-yrs

20

0.0020%

43

0.0028%

- North region1

20

0.0026%

- Northeast region1

25

0.0020%

ΔPatient Worktime Loss

0.0021%

- myocardial infarction

ΔPatient Disease Burden (YLD)
- myocardial infarction
- stroke

- stroke
ΔCaregiver Time Loss

-0.0016%

0.0019%
0.0037%

-0.104%

- Central & East region1

-0.0016%

14,692
21,623

-0.392%

0.0023%

-118

- rural2

-2,126

127

-120

urban2

-6,580

- health pathway

- myocardial infarction

- South

region2

- stroke

- stroke

- formal hospital

- Northeast region2

- myocardial infarction

- myocardial infarction

Δreal Health Expenses

% of base

region2

-0.233%

0.289%

% of base

-5.87%

region2

-8,705

-0.093%
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- Central & East

-

ΔPatient Incident Cases

-820

mn USD

-0.277

cases

3,596

- South region1

% of total

Health (cumulative indicators)

- South region1

Bangkok1

7.71%

- North
cum. chg.

0.209%

-

0.539%

Biomarker (cumulative indicators)

11,523

- Northeast

ΔPUFA energy intake share (2035)

54.6%

0.211%

region1

% of base

ΔSFA energy intake share (2035)

11,650

1

#pers-yrs

0.191%

mn USD

- sales tax pathway

% of base
share

%-points

14,189

Real Consumption (cumulative indicators)

Δreal Household Consumption

Demographic (cumulative indicators)

% of base

%-points
Δsales tax (2035)

demographic, environment indicators

Nutrition (long run indicators)

- stroke
- work time

% of base

-1,921

-0.107%

-11

-0.392%

-1,910

-0.107%

-898

-0.150%

-5

-0.447%

-894

-0.149%

-3,900

-0.104%

-3,900

-0.104%

-1,593

-0.108%

#persons

Environment (cumulative indicator)
M-tonnes
ΔCO2-eq emissions

- stroke
-2
0.0000%
- leisure time
-2,307
-0.102%
Note: Own calculations. 1 Regional consumption %-impacts calculated as share of projected regional totals 2 Regional population %-impacts calculated as share of projected regional totals.
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2a. Δreal cons (mn USD, 2015 prices)

2b. Δreal cons (%)

Figure 2. Real household consumption impacts of -50% palm oil consumption.
Note: own calculations.

3a. ΔMUFA energy intake (Δkcal/person/day)

3b. ΔPUFA energy intake (Δkcal/person/day)

3c. ΔSFA energy intake (Δkcal/person/day)

3d. ΔTotal energy intake (Δkcal/person/day)

Figure 3. Commodity- and nutrient-specific energy intake impacts of -50% palm oil consumption.
Note: own calculations.

4a. Δenergy intake shares (%-points)

4b. Δenergy intake shares (%)

Figure 4. SFA, MUFA and PUFA nutrient-specific energy intake share impacts of -50% palm oil consumption.
Note: own calculations.
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Simulations and results

We simulate one scenario, a 50% reduction in palm oil consumption. A 55% sales tax is required to meet
our target over the long run, and the resulting economic, nutritional, health, demographic, and

environmental impacts are presented in Table 2. The need to impose a policy instrument means that the
economic welfare impacts of the health pathway is confounded. We therefore include a decomposition
analysis of the economic impacts, and show that the health pathway has both economic and non-

economic welfare consequences. Overall, the health pathway of reduced palm oil consumption will
raise real GDP and real household consumption by respectively 225mn USD and 127mn USD over the
next 20 years, and shift the balance between energy intakes from SFA (-4.1%), MUFA (-2.1%) and PUFA
(+7.7%), leading to a 5.9% reduction in the Total-to-HDL cholesterol biomarker, and to 0.1%-0.4%
reductions in patient clinical outcomes from MI and stroke and in caregiver time losses. The Thai
population and labour force will expand by 36,315 and 11,663 person-years, respectively.

Economic Impacts from health and sales tax pathways
The sales tax pathway has a large positive impact on aggregate economic welfare, increasing real GDP
and real household consumption by 14.0bn USD and 11.5bn USD over the coming 20 years. Our
government budget-neutral model closure implies that increased sales tax revenues are returned to
households through reduced direct taxes, and the implicit income reallocation allows households to
increase aggregate savings and stimulate capital formation and economic growth. Hence, the
counterintuitive result that an efficiency-diminishing sales tax leads to economic growth.
Turning to distributional impacts, they are driven primarily by the sales tax pathway. The two main
driving forces are the change in palm oil price incentives and regional increases in savings and capital
accumulation. Our regional economic indicators show that, while (small) health pathway-related
economic impacts are proportionally distributed across Thailand, including 0.0020-0.0028% increases
in real consumption for all regions, the sales tax pathway will only benefit non-South regions. In fact,
South region households will experience average 0.022% welfare losses from the changes in palm oil
price incentives over the coming 20 years (Table 2). Oil palm production is heavily concentrated in the
south of Thailand, where rural smallholders have converted marginal lands into small oil palm
plantations, and our results confirm that palm oil taxes are likely to hit South region smallholder
farmers particularly hard.
The dynamic paths of rural/urban regional welfare impacts are presented in Figure 2, and they indicate
that all regions will benefit, over time, from sales tax pathway-related capital accumulation. However,
16
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while the Bangkok metropolitan region benefits the most in absolute terms, changes in relative food
demand incentives means that rural sub-regions (apart from the rural South) benefit more than other
urban sub-regions, both in absolute terms (Figure 2a) and in relative terms (Figure 2b). The welfare
increases in rural North (+0.36%), rural Northeast (+0.29%), Bangkok (+0.27%) and rural Central & East
(+0.25%) suggest that palm oil sales taxes with budget and incentive-neutral income tax reductions
can have progressive impacts and improve the distribution of welfare across Thailand outside the
South region.
The main losers from palm oil sales taxes will be rural households from the South region, where
welfare is likely to decline by between -0.23% (short run) to -0.10% (long run) (Figure 2b). While capital
accumulation improves adverse outcomes over time, the adverse price incentives significantly reduces
demand for oil palm production and increases the need to convert land to alternative and less
productive use. Overall, our results suggest that, while the changes in price incentives may have
significant negative repercussions for poor rural smallholders in the South region, substitution in food
demand, away from palm oil and oil palm produced in the South, could stimulate agricultural and
processed food production and improve welfare in other rural areas of Thailand.

Nutrition, biomarker, health, and population impacts from the health pathway
Health-related impacts from the health pathway are driven by changes in nutritional exposure (Figure
3). Reduced consumption of palm oil reduces energy intake from primary agricultural products and
increases energy intakes from other edible oils and other processed foods (Figure 3d), and these own
price and substitution effects have implications for the long run composition of micro-nutrient intakes.
The reduction in palm oil consumption will, by itself, lead to substantial changes in average nutritional
intakes including long reductions in SFA energy intake (-17.7 kcal/day) and MUFA energy intake (13.0kcal/day), and a long run increase in PUFA energy intake (+35.4kcal/day), but substitution reduces
net impacts to -5.5 kcal/day, -3.0kcal/day and +33.3kcal/day (Figures 3a-3c). Relative impacts on
energy intake shares amount to -4.1%, -2.1% and +7.7% respectively (Figure 4b).
As a consequence of changes in nutritional exposure, the average Total-to-HDL ratio cholesterol
biomarker will be reduced by 5.9% in 2035, and patient incident and premature mortality cases from
MI and stroke will be reduced by 0.23%-0.24% over the next 20 years (Table 2). For MI and stroke,
respectively, incidence will decline by 6,580 and 2,126 cases, morbidity measured by Years Lost due
to Disability (YLD) will decline by 11 and 1,910 life years, and the cumulative number of premature
deaths will decline by 3,803 and 749. While noticeable, our results also show that halving of palm
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cooking oil consumption is not a Columbus’ egg. By itself, it will ‘only’ reduce patient mortality and
incident cases of MI and stroke by 0.38%-0.39% and 0.09%-0.10%, respectively, and caregiver work
and leisure time losses for stroke patients will ‘only’ be reduced by 0.10%-0.11% (Table 2). Reduced
palm cooking oil consumption would have to form part of a broader dietary and nutritional strategy
to achieve more important improvements in clinical health outcomes.

Figure 5. Total-to-HDL ratio biomarker impacts of -50% palm oil consumption (%).
NB: own calculations.

Aggregate changes to nutritional composition covers a range of region-specific energy intake share
impacts (not shown). Long-run SFA share impacts range from -6% to +2%, while long-run MUFA and
PUFA share impacts range from -5% to +5% and +6% to +15%, respectively. The wide ranges of regionspecific nutritional impacts lead to a variety of region-specific cholesterol biomarker impacts ranging
from a -11.0% long run reduction in rural Central & East to a 0.0% unchanged long run impact in urban
South (Figure 5).
The variation in dietary composition, underlying the variety in biomarker impacts, has implications for
regional MI and stroke mortality (not shown) and for the growth of the Thai population. Halving of
palm oil consumption will, on average, save 2.7 persons per 100,000 inhabitants (or 36,315 person
years) over the next 20 years (Table 4), and, in the long run (2035), save 4.5 persons per 100,000
inhabitants per year (or 3,159 persons) (not shown). At the regional level, average population impacts
vary between 1.3-1.7 persons per 100,000 inhabitants (Bangkok and South) and 3.5-3.7 persons per
100,000 inhabitants (North and Central & East regions) (Table 4), while long run (2035) impacts vary
between 2.4-2.6 and 5.9-6.3 persons per 100,000 inhabitants respectively (not shown). The noticeable
differences in long-run regional population impacts are due to varying food budget shares of palm
cooking oil in Bangkok (1.6%), Other Urban areas (1.3%-2.0%), and Rural areas (2.0%-2.8%).
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Δregional population (#persons)

Δregional population (per 100,000 inhabitants)

Δregional workforce (#persons)

Δregional workforce (per 100,000 inhabitants)

Figure 6. Regional population impacts of -50% palm oil consumption.
Note: own calculations.

The dynamic paths of rural-urban region-specific population levels are presented in Figure 6, and they
indicate that halving of palm oil consumption will save 5.2-8.1 persons per 100,000 inhabitants in rural
regions and only 1.9-5.4 persons per 100,000 inhabitants in urban regions excluding urban South
(Figure 6b). For urban South, reduced palm oil consumption will actually lead to adverse food
substitution and to a (mild) long run population reduction of 0.1 persons per 100,000 inhabitants. The
population impacts are reflected in relative workforce expansion impacts including 2.8-4.8 per
100,000 workers in rural areas and 1.0-3.3 per 100,000 workers in urban areas (excluding urban
South). Due to the unequal Thai distribution of income and health services in favour of urban areas,
these results suggest that palm oil taxes and halving of palm oil consumption are likely to be
progressive and pro-poor in terms of both health and economic outcomes.

Environmental impacts from the sales tax pathway
Finally, we find that halving of palm oil consumption and associated reductions in oil palm production
is likely to have adverse environmental consequences. Palm oil sales taxes will, due to reduced
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demand for processed palm oil, reduce land use in oil palm cultivation, significantly. The resulting land
use reallocation, away from oil palm towards other agricultural crops with less beneficial carbon
sequestration characteristics, imply that CO2-equivalent emissions will increase by a cumulative 10.2
Mega-tonnes over the next 20 years (Table 4). The adverse environmental impact, overwhelmingly,
stems from reduced carbon sequestration among smallholder producers in the South province, where
oil palm production is mainly conducted on marginal land with minimal alternative carbon
sequestration potential.
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Conclusion
Thai policy priorities include economic development and a low carbon economy including sustainable
agricultural production and food safety. These priorities are reflected in the recent Thai Oil Palm and
Palm Oil Industries Development Plan for 2015-2026. At the same time, Thailand is experiencing a
nutritional transition, and, as part of this transition, palm oil consumption has been growing since the
start of the millennium. It would therefore be prudent for the Thai government to include dietary and
nutritional considerations as a key priority in designing future dietary strategies including the
promotion of specific types of edible oils such as palm oil.
In order to study the health and nutritional consequences of continued future palm oil consumption
and understand how palm oil consumption affects regional economic welfare and the sustainability
of agricultural production, we constructed a 2016-2035 MED-health model for Thailand with sector
level detail and a CVD-focused health pathway. We simulated a halving of future Thai palm cooking
oil consumption, and, while our results confirm that current oil palm production patterns improve
livelihoods for smallholder farmers in the Tapi River basin where the majority of Thai oil palm
plantations are located, we also find that halving of future palm oil consumption will increase the rural
South population by 5.2 per 100,000 inhabitants in 2035. Furthermore, halving of palm oil
consumption, through imposition of a sales tax with budget- and incentive-neutral reductions in
income taxes, will improve both economic and health-related welfare for all regions except the urban
South where improved economic welfare is coupled with an insignificant population impact.
Due to the unequal Thai distribution of income and health services in favour of urban areas, we
conclude that palm oil taxes and halving of palm oil consumption, if implemented appropriately, can
be progressive and pro-poor in terms of both health and economic outcomes. Nonetheless, we also
find that reduced palm oil consumption will lead to adverse land use reallocation away from oil palm
and towards other agricultural crops with less beneficial carbon sequestration characteristics. Halving
palm oil consumption is therefore likely to entail a trade-off between, on the one hand, achieving
improved rural-urban equity of health outcomes and economic welfare outside the South region, and,
on the other, pursuing a low carbon economy and maintaining livelihoods for smallholder oil palm
producers in the rural South.
Our fully integrated MED-health model methodology with a nutrition-related serum cholesterol
biomarker pathway which is extended to measure CVD-related clinical health outcomes has allowed
us to highlight the importance of health considerations on an equal par with economic and
environmental considerations. In particular, our results show that promotion of oil palm production,
with the aim of producing cheap cooking oil for consumption purposes, requires careful consideration
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of trade-offs between health and other key priorities including sustainability, food safety and rural
livelihoods. Reducing palm oil consumption, e.g. by expanding the scope for using crude palm oil in
biofuel production, has the potential to noticeably reduce NCD patient disease burdens and associated
caregiver burdens, and thereby help Thai society to move past the current state of nutritional
transition towards a more healthy national diet.
Several caveats should be noted. First, the current ”Saturated Fat Controversy” has questioned the
link between SFA intake and clinical health outcomes. Our simulated health impacts are conditional
on the assumption that substitution of saturated fatty acids for poly-unsaturated fatty acids improves
clinical health outcomes. At the same time, our health impacts are likely to be conservative as we
simulate only two health outcomes but exclude e.g. years lost due to obesity. Second, extrapolation
of our results to make inference about the current Thai Oil Palm and Palm Oil Industries Development
Plan for 2015-2026 for further oil palm expansion should be made with caution. For example, while
there remains some potential for marginal land conversion, future large-scale Thai oil palm expansion
may lead to direct or indirect deforestation which could affect the sustainability of such a strategy.
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