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Abstract 

Palm oil production potentially affects environment, food security and rural development in 

Indonesia. However, there is little research on the welfare impacts of the production expansion. 

By using district level data on production and area planted and national household survey 

(SUSENAS), this paper studies the impact of palm oil expansion on household expenditure and 

individual health. Instrumental variable estimates exploit the historical production and district 

forest area as an exogenous source of variation. Smallholder area in all Indonesia adversely 

affects expenditure but the smallholder production in Sumatra and Kalimantan increases 

expenditure especially among rural areas. I also find evidence of increases in prevalence of 

asthma. The results suggest that palm oil is not a panacea to increase rural welfare. 
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1 Introduction 

The bulk of the worldwide expansion of oil palm plantations have occurred in South-East Asia, 

specifically in Indonesia, where total land area of oil palm increased over 2100 per cent since the 
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early 1980s (Sheil et al. 2009).  The public debate over plantations remains controversial. There 

is evidence suggesting that oil palm plantations and other bio fuel sources bring additional 

income for households living in remote areas (see, for example, Peskett et al. 2007), and also the 

Government of Indonesia has subsidized the smallholder production by providing credits and 

land.  On the other hand, palm oil producers are blamed for extreme forest degradation, forest 

fires due to land clearing, and soaring food prices. Despite being one of the most important 

topics in terms of environmental policy, climate change and rural development in Indonesia, 

there is strikingly little systematic empirical research on how households are affected by palm oil 

production. 

The objective of this paper is to evaluate the welfare impacts of the palm oil expansion in 

Indonesia, focusing on the smallholder production. Due to data availability this study cannot 

address the welfare impacts on the actual producers, but the aggregate welfare effects. However, 

the rapid expansion of palm oil suggests that the effects are distributed to non-producers as well 

and therefore the aggregate effects are of crucial importance and should be taking into 

consideration when planning any future expansions. My approach is to study the effect of the 

increase in district’s palm oil plantations/production on the welfare of the households and 

individuals located in these districts, regardless of whether they produce palm oil. 

The main welfare indicator is the household per capita expenditure. In addition I will study 

the effect of palm oil expansion on the probability of household member reporting symptoms of 

asthma. The latter seeks to evaluate the indirect costs of palm oil expansion, given that the 

conversion of tropical forests often involves forest fires. To my knowledge this is the first paper 

seeking to evaluate the cost and benefits of palm oil expansion using large samples of survey 

data. 

The occurrence of forest fires are a frequent phenomenon in Indonesia. Although long dry 

spells related to El Niño phenomenon typically worsen the situation, many times the original 

reason for the fire is land clearing for plantations, as burning the land is still regarded as the 

quickest and cheapest method. The study by Frankenberg et al., (2005) finds that 1997 forest 

fires due to El Niño had a negative impact on the health of the individuals affected. However, the 

health impacts of the palm oil expansion have not been studied yet.  
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I employ annual data on national household socioeconomic survey, SUSENAS, matched with 

district level data on palm oil production and planted area. OLS estimates will unlikely provide 

consistent estimates due to possible omitted factors correlated with both household incomes and 

palm oil production, such as soil type and land quality. There could also be reverse causality, 

grounded on that palm oil production requires some financial investments and knowledge, 

implying that districts with higher average incomes could be more likely to produce palm oil. In 

order to tease out the causal estimate of the impact of palm oil production an instrumental 

variable strategy is used. I use the historical value of palm oil production/area as my main 

instrument, relying on the fact that palm oil is most likely to expand in areas where the suitable 

conditions and knowledge are already present. To avoid losing data the historical values are 

taken from Agricultural Village Survey (PODES Agriculture Survey). In addition I exploit the 

fact that not all districts are suitable for palm oil production. The relationship between palm oil 

production and forest degradation has been well documented. According to the FAO (2005) 

estimate over 56 percent of the palm oil expansion in Indonesia between 1990 and 2005 occurred 

at the expense of natural forest cover.
1
 I use the district forest area prior to my study period as an 

alternative instrument for palm oil plantations/production. The idea is that forest area creates 

potential for large oil palm plantations.   

The results suggest that smallholder production in Sumatra and Kalimantan increases per 

capita expenditure, especially in rural areas and among agricultural households. On the other 

hand smallholder area has a negative impact on household per capita expenditure in all 

Indonesia. This could reflect that palm oil is planted in areas where the appropriate knowledge 

and skills are not available. With respect to health, smallholder area and production both increase 

the prevalence of asthma in all Indonesia, and the total production increases asthma in West and 

South Kalimantan, accordingly. The estimated impacts are rather small but meaningful given the 

scale of the palm oil production expansion in Indonesia.  

The rest of the paper is organized as follows. Section 2 provides background information on 

the palm oil expansion and production in Indonesia. Section 3 describes the data sources and 

                                                 
1
 However, the proponents of palm oil industry claim that palm oil plantations are indeed forests, and therefore the 

debate over forest loss is meaningless.  
2
 Since husbands and wives often work together as a team, about five and half people were directly supported by the 
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descriptive statistics. Section 4 introduces the methodology and the section 5 discusses the 

results. Finally, section 6 concludes.  

2 Background 

2.1 Palm oil production: global and local trends 

Indonesia is currently the biggest producer of palm oil in the world (19,500 thousand metric 

tons in 2008/2009), as Indonesian production exceeded that of Malaysia in the mid 2000s. 

Indonesian palm oil production accounts for over 40 per cent of the world total production, and 

together with Malaysia they account for about 87 per cent of the world production. (USDA 

Website). Oil palm is planted for commercial purposes in over 40 countries and accounts for 

almost 10 per cent of the world’s permanent crop land. (FAOSTAT). 

The demand for palm oil has increased in the past two decades, initially for the use of palm oil 

in chemical industry, food production and consumer goods, whereas the soared demand for bio 

fuels explains the more recent boom. Biggest importers of palm oil are China, India and the EU-

27 bloc (USDA 2009). Palm oil has a high yield in terms of oil production, one hectare of oil 

palm produces 4000-5000 kg of oil, compared to 1000 kg for rapeseed, 800 kg for sunflower and 

400 kg for soy bean and coconut, and in 2005 palm oil overtook soya as the main word’s 

vegetable oil (Sheil et al., 2009, p. 11; 20). Besides being the world leader exporters of palm oil 

both Indonesia and Malaysia have large domestic markets.  

There has been an upward trend for the price of palm oil during the past two decades with a 

relative high volatility, however. In the past few years the price volatility has emphasized the 

uncertain role of palm oil in the bio diesel market. World price for palm oil soared during the 

2000s and peaked at US$1146 a tonne in March 2008. During the global financial crises the 

price of palm oil also came down plummeting to US$400 a tonne. (Sheil et al., 2009, p. 19). 

Since the global crisis the price of palm has been increasing again (see Figure 1 below). 
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Figure 1. The monthly price of palm oil in 2005-2010. 

 

Source: Indexmundi.com 

 

First oil palm plantation in South-East Asia was established in Peninsular Malaysia in 1917 

and plantations have expanded rapidly ever since. In Indonesia the main production area is 

Sumatra, especially provinces North Sumatra, Riau, South Sumatra and Jambi. However, 

plantations have been expanding towards east, and Kalimantan has become another major 

production area. Plantations continue spreading eastward and Papua is expected to become the 

third major production area in the future given the large areas of unused land. In 2008 region of 

Sumatra accounted for 78 percent of the Indonesian palm oil production, Kalimantan 18 percent, 

Sulawesi 3, and Papua 1 percent. (Departementen Pertanian 2009). 

In Indonesia, palm oil is cultivated and produced by large private estates (50 percent of total 

production), smallholders (40 percent), and large public estates (10 percent). During the past 

decades plantations and production have especially expanded among the large private estates and 

smallholders. In early 2000s palm oil contributed 1.5-2 percent to the Indonesian GDP and in 

late 2000s the corresponding figure was 4.5 percent (CHECK, 2001 figure Barlow et al. 2003). It 

is estimated that palm oil accounts for approximately 12.5 per cent of the country’s exports. 

There are no accurate statistics about the employment effects, but according to one estimate palm 
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oil industry employed approximately 1.2 million labourers in early 2000s.
2
 (Barlow et al., 2003). 

In terms of the monetary value of production, palm oil is in the second place after rice of all 

agricultural products (FAOSTAT).  

Although the relationship between oil palm plantations and deforestation has been 

documented in various sources (see for example FAO 2005), there is plenty of uncertainty 

related to the measures and definitions of deforestation (see for example Angelsen, 1995). First, 

the range of deforestation is great, from a complete removal of tree cover to small changes in the 

ecological composition. There is no universal agreement what should be considered as 

deforestation. Second, there is issue between permanent and temporary conversions. Also the 

estimates for environmental costs of conversions into plantations vary. Houghton (1993) 

estimates, that conversion into plantations will normally result in 30-60% reduction in carbon 

stock in the vegetation, where as conversion to pasture or permanently cultivated land involves 

over 90% reduction. The estimate of the loss in carbon stock is similar to Tomich et al., (1998). 

However, there is more variance in the estimations for the loss in fauna.  

A very crude way to look the relationship between oil palm plantations and deforestation is to 

use the data provided in the PODES 2003 Agricultural survey. PODES (Potensi Desa) is a 

census of all Indonesian villages surveyed by the Central Bureau of Statistics. The section on 

land use contains a breakdown of forest land (hutan) in hectares converted to other uses over the 

past three years.
3
 Using this information I construct three measures of deforestation: no 

deforestation, moderate deforestation and heavy deforestation following Chomitz and Griffiths, 

1996. The first category includes villages that report zero hectares of converted forests (90% of 

the villages), the second category includes villages that report positive deforestation but less than 

100 hectares (7.8%) and finally, the third category villages that report more than 100 hectares of 

converted forests (2.2%). Comparing the total oil plan plantation area in the village we see, that 

plantations tend to rise with increasing level of forest conversion. However, this observation 

cannot confirm whether oil palm plantations are causing the deforestation.  

                                                 
2
 Since husbands and wives often work together as a team, about five and half people were directly supported by the 

industry.  
3
 This variable is not a perfect measure of deforestation. First, the respondent might only have information on the 

village forest land, and not the state forest. Second, the respondent might have included secondary forests or 

plantations in the forest category. Finally, it could be difficult to make precise area estimates. 
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Table 1. Average village area of oil palm plantations (in hectares) and deforestation. 

 No deforestation Moderate 

deforestation 

Heavy 

deforestation 

All villages 

Sumatra 55.7 54.8 344.6 63 

Kalimantan 43.5 44.1 224.4 55 

All Indonesia 21.1 28.4 178.1 25.2 

Source: Author’s calculation from the PODES 2003 data. 

  

2.2 Smallholder production in Indonesia  

Oil palm requires tropical conditions (average annual precipitation of 1780-2280 mm, a 

temperature range of 24-30°), and an altitude less than 600 meters. More, oil palm thrives in 

disturbed forests and close to rives, and is tolerant of various soil types. (Sheil et al., 2009; 

Deasy, 1942). Previous studies have also identified other factors that explain the estate plantation 

expansion in Indonesia, such as infrastructure and population density (Miyamoto, 2006; 

Angelsen, 1995).
4
 Improved infrastructure increases land rent, and therefore increases the 

incentive to expand production. Various studies have also found that smallholders in developing 

world respond in changes in relative prices (see for example Godoy, 1992).  In Indonesia there is 

also a specific factor related to land rights that partly explains the forest conversion into 

plantations. All forest in Indonesia is de jure own by the state but according to the common law 

clearing the forest to agricultural land gives usufruct rights to this land.  This has augmented the 

problems related to property rights and land titles. (Angelsen, 1995). 

Smallholder production plays an important role in total production and it has expanded 

rapidly in the past decade. There are several types of smallholder production, however. It is 

estimated that in Indonesia approximately 30 per cent of the smallholder production is produced 

by individual farms, the rest by joint partnerships with large estates (Barlow et al., 2003, p. 9).  

One of the oldest arrangements for joint ventures between smallholders and large estates is 

the Perkebunan Inti Rakyat (PIR) introduced in the late 1970s by the transmigration 

                                                 
4
 It is notable that these studies did not try to estimate any causal relationship, i.e. whether infrastructure causes the 

plantation expansions or whether plantations give the incentive to improve the infrastructure. 
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programme.
5
 PIR was first introduced on rubber plantations and later expanded to oil palm 

plantations. PIR scheme provided a good opportunity for the large companies to exploit both the 

large land areas conceded by the government and the abundance of low-cost labour composed by 

the transmigrants. Large companies could work without the smallholders as well by purchasing 

the land and hiring workers. In some cases land acquisitions from local populations have been 

accused of inappropriate compensations. Central government allocated land for the PIR 

arrangements from a land category called conversion forests. However, many times the land was 

at the same time under the management and use of the local communities. Other reported 

problems were dependence from a single crop, food security and limited income sources during 

the 4-5 year unproductive period.
6
 (Feintrenie et al., 2010; Vermeulen and Goad, 2006). 

PIR was later followed by Primary Cooperative Credit for Member’s scheme, Koperasi Kredit 

Primer untuk Anggota (KKPA). KKPA also involves a partnership between a company and 

smallholders. For example, the KKPA arrangement in district Bungo, in Jambi province in 

Sumatra, is based on a contract signed between the company, smallholders grouped in 

cooperatives, and banks, under the supervision of the government. Smallholders allocate part of 

their land to the company, which plants, manages and harvests the crops. This part of land forms 

the nucleus of the plantation, and landowners are paid back a share of the harvest revenue after 

deducting the management costs.  On the other hand planting costs of land that stays within the 

smallholders, plasma, have to be paid by the smallholders. However, smallholders can opt for 

entrusting the plasma management for the cooperative and cash a monthly rent. Smallholders 

organized as cooperatives have more autonomy under KKPA than under the traditional PIR 

arrangement although the bulk of the decision-making is still in the hands of the company.  

(Feintrenie et al. 2010; Vermeulen and Goad, 2006). 

The advantages of the KPPA arrangement for the smallholders include access to improved 

seedlings and technical advice from the plantation manager. However, the drawbacks reported 

are similar to the PIR arrangement, such as high debt accumulated before the production period, 

disallowance of intercropping, land rights and environmental damage.   

                                                 
5
 The aim of the transmigration programme was to reallocate people from the densely populated islands of Java and 

Bali to less densely populated areas of Sumatra, Kalimantan and Papua. Programme was already introduces during 

the Dutch colonial era and peaked during Suharto’s regime. In 2000s only a few families have been reallocated.  
6
 For comparison, the unproductive period for rubber is 6-7 years (Feintrenie et al., 2010). 
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2.3 Poverty and household welfare in Indonesia 

The historical trend of poverty in Indonesia suggests that poverty has been declining over the 

past decades, reversing during the financial crises in 1990s, however. During the period of late 

1970s to the mid 1990s the poverty declined by half, and then peaking again to over 23 percent 

in 1999. Poverty rates started to fall again due to the strong macroeconomic stabilization.  

Despite of the macroeconomic growth there was increase in the poverty rates between 2005 and 

2006, from 16 percent to 17.7 percent, mainly due to the increase in the price of rice following 

the ban on rice imports. (World Bank, 2006).  

The measures for economic inequality have been relatively stable over the past decades 

regardless of the political and economic turmoil. Gini coefficient barely changed in the between 

1690s and 2000s: Gini coefficient of household expenditure rose from 0.35 in 1964 to 0.36 in 

2007. Between 2002 and 2007 Gini coefficient rose from 0.34 to 0.36. Inequality has been less of 

a concern in rural areas. During the 1990s and early 2000s rural Gini coefficient has fluctuated 

around 0.26. (Mishra, 2008). 

 

2.4 Theoretical underpinnings  

The debate over cash crops vs. staple crops and the welfare impacts of the cash crop production 

has a long history. For example there are several studies on poverty and cash crop production in 

Africa, see for example Bigsten et al., (2003) on coffee and chat in Ethiopia, Glewwe (1991) on 

cocoa in Côte d’Ivoire. Moreover, palm oil is not the first large scale cash crop or estate crop 

produced in Indonesia. Rubber plantations acquired large plots of land during the 1980s and 

1990s and natural rubber was an important export product for the country. (Angelsen, 1995). In 

Indonesia, rubber is mainly planted and produced by smallholders: in 1998 smallholders 

controlled over 85 percent of the area planted and 76 percent of the production (Purnamasari et 

al., 1999). Some of the concerns attributed to the palm oil production were already raised during 

the rubber boom, such as forest degradation. However, what distinguishes palm oil from other 

cash crops is the scale of its expansion. In Indonesia, the area harvested for natural rubber was 

2.9 million ha in 2008, compared to 5-6 million hectares for palm oil (FAOSTAT). Palm oil is 

also expanding to a much wider geographic area. Because of the scale of this expansion, effects 
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on food security and land use might be much more profound. More, large scale land clearing 

might have adverse effects on human health.   

Palm oil plantations and production might have relatively immediate effects on return to 

labour and land. On the other there could be longer term effects through changes in land use, like 

effects on food security and ecosystem among others. The methodology and data proposed in 

this study will not allow testing all of these hypotheses separately but instead evaluate the overall 

effect on welfare. The selected welfare indicators are household per capita expenditure and the 

probability of household member reporting symptoms of asthma. The latter welfare measure 

could be related to palm oil production through forest fires and smoke and odors coming from 

refineries.  

Due to data availability this paper focuses on the aggregate welfare effects of the palm oil 

production, irrespective of whether household owns an oil palm farming business. Given the 

scale of the palm oil expansion, it is reasonable to assume that both the benefits and costs are 

distributed to a wider population. For example, air pollution due to forest fires will affect also 

other areas than the exact burning place. (Frankenberg et al., 2004). The final distribution of air 

pollution depends on the direction and speed of the wind, but it is clear that the consequences are 

felt in a rather wide area. However, air pollution due to land clearing is not the only source of 

pollution. Crude palm oil production also produces large amounts of waste. Refineries produce 

both liquid and solid waste in addition to noxious odours and smoke pollution. (McCarthy and 

Zen, 2010).Oil palm has occupied large areas of land and if this has realized at the expense of 

other crops, it is reasonable to extend the analysis to all households in the region. The question 

on land use also relates to food security.  

It is less clear-cut why the positive impacts of palm oil should spread to households not 

directly involved in the farming.  There are several channels, however. First, palm oil processing, 

such as refineries, brings employment opportunities to the area, because the fresh fruit bunches 

must reach the mill within 24-48 hours of harvesting. Another possible channel is improved 

infrastructure that could benefit all households and industries in the region. And finally, the 

standard multiplier effect could take place.  Proponents of palm oil defend the production 

expansion by promising increases in rural welfare and improved infrastructure. For example, the 

chairman of the Indonesia Palm oil Association (GAPKI) argues: “The development of oil palm 
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plantations also plays a key role in rural development. - - With extraordinary multiplier effects, 

oil palm plantations in turn will become new centers of economic activities in rural areas. The 

development of road infrastructure provides access for isolated areas, allowing fast and dynamic 

economic activities”.
7
 

There are several factors that might affect the success or failure of the engagement in palm oil 

production in terms of household welfare. For example, it could make a difference whether palm 

oil displaces other crops compared to situations when plantations bring additional resources to 

the household. Palm oil might have different impacts in land abundant context compared to areas 

where land is a constraint. Another important question relates to how palm oil affects off-farm 

employment opportunities.  Unfortunately data availability limits the possibilities to address 

these questions. However, again PODES 2003 data could provide some insight on the issue of 

land conversion. PODES data on land use provides information on the hectares of rice fields that 

have been converted to other purposes during the past 3 years. I define no loss in rice fields if the 

reported area is zero, moderate loss in rice fields represents villages where less than 100 hectares 

have been converted and heavy loss in rice fields if more than 100 hectares of rice fields have 

been converted to other purposes. Table 2 below shows the average village area of oil palm 

plantations by the three categories. Descriptive evidence suggests that the relationship between 

rice field conversion and oil palm plantations is varying across regions. In Sumatra plantations 

are increasing with the converted rice fields which could be evidence of a land constraint. On the 

other hand in Kalimantan largest plantations are located in villages where no conversion of rice 

fields has taken place. 

Table 2. Village oil palm plantations (in hectares) and loss in rice fields. 

 No loss in rice 

fields 

Moderate loss in 

rice fields 

Heavy loss in rice 

fields 

All villages 

Sumatra 58.9 64.4 345.6 63 

Kalimantan 60.2 15.9 35.1 55 

All Indonesia 26.5 13.2 151.8 25.2 

Source: Author’s calculations from the PODES 2003 data.  

                                                 
7
 Jakarta Post 12.2.2009 (available at http://www.thejakartapost.com/news/2009/12/02/palm-oil-economic-pillar-

indonesia.html, accessed 15
th

 October 2010). 

http://www.thejakartapost.com/news/2009/12/02/palm-oil-economic-pillar-indonesia.html
http://www.thejakartapost.com/news/2009/12/02/palm-oil-economic-pillar-indonesia.html
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3 Data 

To my knowledge, there are no large-scale household surveys with direct questions about 

household’s engagement in palm oil available.
8
 Therefore in this paper I use annual district level 

(kabupaten) palm oil data together with the National Socioeconomic Survey, SUSENAS. The 

disadvantage of this method is that I will not be able to distinguish households that are directly 

supported by the industry. On the other hand the use of large nationally representative household 

survey avoids problems related to small samples, among others.  

Palm oil data (both the area planted in hectares and production in tones) come from 

Indonesian Ministry of Agriculture, Directorate General of Estate Crops (Departementen 

Pertanian, Direktorat Jenderal Bina Produksi Perkebunan). As stated earlier, oil palm is 

cultivated by smallholders and large public and private estates. Smallholder production could 

have a stronger relationship with household expenditure than large estate production and 

therefore I start the analysis with smallholder production. Another advantage of the smallholder 

data is that it covers a longer time period compared to other production data available, 2003-

2006 and 2008.
9
 More, the smallholder data covers the whole Indonesia, including over 350 

districts using the number of districts in 2002. Along the decentralization process a number of 

new districts have merged in the 2000s, and therefore year 2002 is taken as a base year in this 

study.  

Approximately 67% of the districts in Indonesia do not have any smallholder plantations. The 

average district area of smallholder plantation is 6,200 ha over the course of the surveys and the 

average production is 13,000 tonnes. Restricting the sample to only those districts that have 

plantations the corresponding figures are 19,300 ha and 45,800 tonnes, respectively. However, if 

we focus on the main production regions, in Sumatra only 28% of the districts do not have any 

plantations, and in Kalimantan 31%.  The average size of smallholder area in districts that have 

smallholder plantations is 23,700 ha in Sumatra and 10,900 ha in Kalimantan. Over the years 

                                                 
8
 Agricultural household survey, PATANAS might be an exception. However, the second round of the panel survey 

would have been available only in late 2010 and more, the geographic coverage of the survey implies that most 

likely it would cover only few households engaged in palm oil production.  
9
 Due to inability to get data on household expenditures year 2008 is not used in the household expenditure 

regressions. 
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from 2003 to 2006 the average size of the smallholder plantations in Indonesia increased from 

4,500 ha to 6,800, approximately 50 percent.  

Smallholder area represents on average only 0.01 percent of the district area national wide, 

there are large differences across regions, however. In Sumatra there are districts where up to 20 

percent of the area is covered by oil palm plantations. In Kalimantan the share ranges from 0 to 5 

percent.    

In addition to the smallholder data I have the complete production data (both smallholders and 

large estates) for selected provinces in Kalimantan. The production data cover provinces of West 

Kalimantan, South Kalimantan and East Kalimantan (lacking Central Kalimantan), and the area 

data covers provinces of West Kalimantan and South Kalimantan (lacking Central Kalimantan 

and East Kalimantan). Both the production data and the area data cover the time period of 2004-

2008.
10

 Districts that have plantations on average they have 37,300 ha. I also have data on 

complete production (both smallholders and large estates) for the whole Indonesia for years 2005 

and 2008. However, due to inability to get comparable household expenditure data for 2008 this 

data will be used in the futures stages of the research.  

SUSENAS data is a nationally representative household survey implemented annually. Each 

year, in late February or early March, a new set of roughly 200,000 households are interviewed 

as part of the core of the national socio-economic census (SUSENAS). The dataset includes 

results from a small consumption module, consisting of 15 food items and 8 non-food items, that 

combines purchased and self-consumption. In addition there is data on household characteristics, 

such as education and health status of the household members. The average log per capita 

expenditure is 12.57 over the surveys, equivalent of 360,000 Indonesian rupiahs, or USD 40. 

Very few individuals report asthma, only 1.7 percent of the individuals aged 10 and above has 

suffered from asthma over the past month. 

In addition to the core datasets two other data sets are employed in order to construct the 

instruments for the IV-estimation. First, PODES (Potensi Desa, Village Pontential Data) is used 

to construct a historical measure of palm oil production in a district. PODES data surveys over 

65 000 villages in Indonesia and PODES on agriculture was surveyed in 1993, and 2003. Other 

                                                 
10

 See footnote 4. 
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themes of PODES surveys are PODES Economy (surveyed in 1996 and 2006), and PODES 

Population Census (surveyed in 1990 and 2000).   PODES Agriculture Survey in 2003 has a 

section on estate crop production in the village, and both the area and production of the five most 

important estate crops are listed. It is notable, that the PODES 2003 Survey was implemented in 

2002 and therefore the production data refer to the year 2002. This is important as my study 

period starts in 2003.  I aggregate the production and plantation of palm oil in all villages in a 

district in order to construct a historical measure of palm oil production and plantations.
11

  

Importantly, PODES 2003 survey covers the whole geographic area of Indonesia. 

Satellite data on district forest cover is used to construct an alternative instrument for palm 

oil. Percentage share of district area covered by forest was provided by the GISs Centre of 

Excellence, South Dakota State University (see Broich et al., 2010 for more information). 

District area in square kilometers was then employed in order to calculate the forest area of a 

district in 2000. As discussed earlier large areas forests have been converted into oil palm 

plantations and therefore district forest area prior to the study period is likely to be a good source 

of exogenous variation in palm oil production. Because the forest area is calculated prior to my 

study period, the possible direct correlation between household welfare and forest cover is 

eliminated. Despite of these advantages there are some disadvantages related to this instrument. 

First, forest cover data provided used in this study is not pure in a sense that it covers also mature 

plantations. Satellite data use the forest definition of greater than 25% canopy of trees and 

greater than five meters in height, and unfortunately using this definition it is not possible to 

distinguish natural forest from mature oil palm plantations. Second, forest cover is only available 

for Sumatra and Kalimantan. Although these regions are the most important regions for palm oil 

production and together they account for approximately 95 percent of the national production, 

restricting the analysis only to Sumatra and Kalimantan might miss some important aspects. 

 

                                                 
11

 It is not stated specifically whether the area and production refer to smallholders or the total production. However, 

village head might not have access to data on area and production of private companies, therefore it is likely that the 

measure is better referring to the smallholders. 
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4 Empirical strategy and identification 

The impact of palm oil expansion using the time series plantation data and SUSENAS surveys 

could be expressed:  

 

idtidtdtidt TDXPOI   321        (1) 

  

where idtI
 
is the selected impact (expenditure, health) of household/individual i  living in district 

  in year  , PO  is the palm oil production in tons in district   at time t ,   represents district 

fixed effects and T  year dummies,  idt  is the error term, clustered at districts.
12

 X  is a vector of 

household/individual characteristics such as education of the head, age and gender of the head, 

industry category of the head’s occupation, occupation type of the head,  and household size in 

the household expenditure specification. In the health specification I control for the respondent’s 

gender, age, education and industry and some household characteristics related to the housing 

conditions that could also affect health status, such as dummy indicating whether household has 

an own toilet, whether household uses tap water and whether the dwelling is owned by the 

household. In addition I include a dummy for rural areas in both specifications.  

However, OLS estimates are likely biased. First, there could be omitted variables, for example 

soil type, that are correlated both with palm oil and household welfare. Second, both oil palm 

plantations and total production are measured with error. And finally, palm oil production could 

be endogenous in this context. Palm oil production requires large and expensive investments and 

therefore districts with high average incomes are more likely to be engaged in palm oil 

production.  

Health status, that is the probability of reporting symptoms of asthma, is measured at 

individual level. Therefore the problem of reverse causality is less likely to be a problem in the 

health specification. However, there could still be omitted factors correlated both with the palm 

                                                 
12

 In further stages I will also address the relationship between palm oil production and migration. 
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oil and health, and therefore IV-estimation is the preferred estimation strategy also in the health 

specification.   

A method that addresses all three problems related to the OLS estimation is the Instrumental 

variable approach, IV. The strategy presented here closely follows Duflo and Pande (2007) 

where the authors use the predicted amount of dams in the district as an instrument for actual 

number of dams. Another paper that that use similar estimation strategy, that is, using predicted 

values as instrument for actual values, is by Saiz (2007). I will construct a separate prediction 

model to predict the production of palm oil in a district, and then use the predicted values as 

instruments for actual values in the two-state least squares estimation.  

In the prediction model I will exploit the fact that not all districts are suitable for oil palm 

plantations. The principle idea is to include variables exogenous to household welfare in the 

prediction model in order to generate exogenous variation in the predicted values.   However, 

many factors determining palm oil production (rainfall, among others) could also be correlated 

with household welfare thorough other mechanisms than palm oil (rice production, say). 

I have identified two potential sources of exogenous variation in palm oil production and both 

of them are explored in the paper.
13

 First, lagged values of palm oil production could predict 

future production. The use of lagged values of an endogenous variable as an instrument is a 

standard method in the literature (see for example Jalan and Ravallion, 1999). The use of lagged 

values as instruments is based on the idea that areas suitable for palm oil likely have high 

production also in the future. Oil palm plantations also require special knowledge and skills 

providing another reason why lagged values have good prediction power. However, using lagged 

values as instrument implies losing one round of data. As I already have a relatively short period 

of data losing any data is not the first best option. Therefore to avoid losing any data historical 

values of palm oil production is taken from the PODES 2003 survey.
14

 PODES 2003 agricultural 

survey contains information on the area planted and production of palm oil at the village level. 

Aggregating village plantations and production at the district level gives an approximate measure 

of palm oil plantations and production in the district in 2002. District measure of palm oil in 

                                                 
13

 I also tested elevation of the kabupaten as an exogenous source of variation but this potential instrument did not 

have sufficient power.  
14

 Podes 2003 Agricultural data uses 2002 data.  
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2002 is time invariant and therefore it is interacted with predicted province palm oil 

production/area in order to predict the palm oil production in each district, this follows the 

method in Duflo and Pande (2007): 

 

                                                 (2a) 

         

Where      is the palm oil production (in tons) or area in hectares in district   at time  , 

       is the district  palm oil measure in 2002,              is the predicted palm oil production in 

province   at time t .  This is constructed by multiplying the total production of palm oil in 

Indonesia in the given year with the share of production in the given province in 2003. In the 

area specification I use the predicted value of oil palm plantation, obtained by multiplying the 

total oil palm plantation area in Indonesia in the given year by the share of plantations in the 

given province in 2003. The use of the predicted production/plantations, rather than actual 

production assures that the palm oil production is exogenous with the district palm oil 

production.   represents district fixed effects and   year dummies and     is province-year 

interaction term to account for annual shocks that are common across districts in a province that 

might affect palm oil production. 

Historical palm oil, both production and plantations, is positively associated with current palm 

oil, as expected. This finding reflects the fact that palm oil is expanding most strongly in areas 

which have been identified as suitable areas for planting oil palm and where there is appropriate 

knowledge and knowhow easily available. The F-test for historical palm oil interacted with 

predicted province measure of palm oil is 7.45-10.47, depending on the specification, implying 

that the chosen instruments have enough predictive power (see Table 3 below). Prediction model 

for total area and production in Kalimantan is presented in Appendix, table B1. 
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Table 3. Prediction model for smallholder area/production using the historical values of 

area/production as an exogenous source of variation. 

 Area, All 

Indonesia 

Area,  Sumatra 

and Kalimantan 

Production, All 

Indonesia 

Production, 

Sumatra and 

Kalimantan 

Oil palm area in 2002 0.0000009*** 0.0000009***   

 (0.0000003) (0.0000003)   

Palm oil production in 2002   0.0000002*** 0.0000002*** 

   (0.0000001) (0.0000001) 

Observations 1863 788 1863 788 

F-test for instrument 10.47*** 10.46*** 7.46*** 7.45*** 

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

Province*year interactions Yes Yes Yes Yes 

   

Robust standard errors in parenthesis 

Oil palm area is interacted with predicted province area and palm oil production interacted with predicted 

province production 

* p<0.1, ** p<0.05, *** p<0.01 

 

An alternative source of exogenous variation in palm oil production is district forest cover. As 

discussed earlier the conversion of natural forest into oil palm plantations has been widely 

documented. However, the presence of forests could affect household expenditure and welfare in 

various ways, by providing firewood and other forestry products such as natural rubber, and by 

providing hunting opportunities among others (Angelsen, 1995). Therefore to assure that the 

correlation between forest area and household welfare realizes through palm oil and not through 

these other mechanisms forest area prior to the study period is used. I have satellite data on the 

district forest cover (%) for the year 2000 and together with information on the district area in 

square kilometres I calculate the district forest area in 2000. The district forest area represents 

opportunity to plant oil palm that is exogenous to household characteristics, such as knowledge 

and income. However, due to data inaccuracy, the forest area, in addition to natural forests, 

includes mature oil palm plantations. The inaccuracy in the definition lessens the attractiveness 

of the use of the instrument, however, but regardless of the deficiencies it is a valuable point of 

comparison to the approach presented above. The district forest cover is only available for 

Sumatra and Kalimantan, another reason why this specification is presented mainly as a 

robustness check for the main IV specification. 

Prediction model using the forest area as an instrument can be expressed as: 
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                                                      ,   (2b) 

 

Where      is the palm oil production (in tons) in district   at time  ,        is the forest area 

in a district (in square kilometers) in year 2000,           is the predicted palm oil plantation area in 

province p  at time t  as explained earlier. The interaction term between the forest area and year 

dummies allows a varying impact of forest area on palm oil. This is to say, that the conversion 

rate could be different across the years. D  represents district fixed  effects and T  year dummies 

and      is province-year interaction term as before.   

Table 4 shows that forest area in 2000 is positively related to palm oil area/production in later 

years, as expected. The corresponding F-test is approximately 11.5 in the palm oil area 

specification and 17 in the production specification (see table 4 below). Prediction model for 

total area and production in Kalimantan is presented in Appendix, table B1. 

 

Table 4. Prediction model for smallholder area/production using district forest area in 2000 as an 

exogenous source of variation. 

 Oil palm area, Sumatra and 

Kalimantan  

Palm oil production, Sumatra 

and Kalimantan  

Forest area in 2000 0.0000206***  

 (0.0000061)  

Forest area in 2000  0.0000109*** 

  (0.0000026) 

Observations 773 773 

F-test for instrument 11.54*** 17.32*** 

District fixed effects Yes Yes 

Year fixed effects Yes Yes 

Province*year interactions Yes Yes 

 
Robust standard errors in parenthesis 

In the palm oil area model district forest area in 2000 is interacted with predicted province area of oil 

palm and in the production model district forest area is interacted with predicted province palm oil 

production 

Specifications also include forest area*year interaction terms 

* p<0.1, ** p<0.05, *** p<0.01 
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I will estimate equations (2a) and (2b) in order to predict the palm oil area in each district. The 

predicted values will then be used as instruments for actual values, following Duflo and Pande, 

(2007) and Saiz (2007). The first stage regression for the specification with historical values of 

palm oil is: 

 

                                        (3a) 

 

And the first stage regression using forest area as an exogenous variation in palm oil is: 

 

                                       (3b). 

 

Finally I will estimate equation (1) with 2SLS, using fitted values from the first stage 

regressions, (3a) and (3b).  In all regressions standard errors are clustered at districts.  

 

5 Results 

In this section I discuss the empirical results from both the OLS specification and the IV 

specifications. Generally the estimated coefficients are in agreement with theory and previous 

literature. For example, household per capita expenditure is increasing with the age of the head 

(but with a decreasing rate) and with the education of the head. On the other hand female headed 

households are poorer compared to male headed households. Households whose head works in 

mining, manufacturing, construction, electricity, wholesale, transportation, finance or public 

sectors have higher per capita expenditure compared to household whose head works in 

agriculture.
15

 Households whose heads are employers or employees have higher expenditure, 

                                                 
15

 The only industry category which in insignificant in the sample for Sumatra and Kalimantan is construction, see 

Table B3 in Appendix.  
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and, on the contrary, households whose head are casual workers have smaller expenditure 

compared to households whose heads work as self employed. The only somewhat puzzling 

coefficient is the positive statistically significant sign of the dummy for rural areas in the 

smallholder specification (see table B2 in Appendix). Contrary, rural dummy is negative and 

statistically significant in the specifications for total area for Kalimantan (see table B10 in 

Appendix).  

In the health specification the probability of individual reporting symptoms of asthma is 

greater in rural areas. There is no obvious explanation why this should be the case, however. 

Traffic pollution is likely worse in urban areas; on the other hand many agricultural related 

activities might be correlated with asthma in rural areas. Probability of asthma also decreases 

with education, although education is likely a proxy for income in this application, and with age. 

Difficulties in breathing are less common among females. Difficulties in breathing are also less 

common among individuals who live in dwellings which are owned by the household and with 

own toilet facilities. Next I discuss the impact of my main independent variables, palm oil 

production and area of plantations on household expenditure and individual health.  

 

5.1 Smallholder area and production 

Per capita expenditure.  The first set of results related to smallholder area and production of 

palm oil. Using the OLS specification smallholder area seems to be negatively associated with 

household expenditure in all Indonesia and the coefficient is statistically significant at 5% level. 

However, restricting the sample to Sumatra and Kalimantan only, the coefficient of smallholder 

area is not significant anymore (see tables B2 and B3 in Appendix). Although the OLS 

regression does not necessarily capture a causal relationship we could speculate on factors 

underlying the negative relationship. For example, palm oil might have taken over land from 

other crucial crops but this negative association is not present in areas where palm oil plantations 

are more established. However, given the wide geographic area of Indonesia and heterogeneity 

of livelihoods and standard of living across the islands, pooling the nationwide data might cause 

problems with comparability. IV-estimation results presented in column two confirm that in 

Indonesia smallholder area of oil palm plantations, measured at district level, has a negative 

effect on household expenditure, the estimated effect is only marginally statistically significant at 
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10% level. The estimated effect implies that one hectare increase in the district area of oil palm 

plantations decreases household expenditure by -0.00022 of a percentage point. The 

corresponding elasticity is -0.013 which is very low, though.
16

 Restricting the sample to Sumatra 

and Kalimantan only the IV estimate confirms the OLS finding the smallholder area does not 

have a statistically significant effect on household expenditure (see table B3 in Appendix).  

Next I will discuss the results for smallholder production. Using the data for all Indonesia, 

estimation results suggest that, contrary to the smallholder area, smallholder production does not 

have a statistically significant impact on household expenditure, see Table B2 in Appendix. 

However, for households in Sumatra and Kalimantan the OLS coefficient of smallholder 

production is positive and marginally statistically significant at 10% level (see table B4 in 

Appendix). Both IV estimates also suggest, that smallholder production increases household 

expenditure in Sumatra and Kalimantan and the estimates are marginally statistically significant. 

Interestingly, restricting the sample only to rural households or rural households whose head 

works in agriculture increases the preciseness of the estimates and now the estimates are 

statistically significant at 5% level, and estimates effects are larger compared to pooled sample 

(see table B5 in Appendix). These results are confirmed using both IV strategies available. For 

example, focusing only to rural households the estimated effects imply that one tone increase in 

the smallholder production increases household per capita expenditure by 0.00027 of a 

percentage point (historical production from PODES 2003 as an instrument) or 0.00034 of a 

percentage points (district forest area as an instrument).  The corresponding elasticities are 0.084 

and 0.106 respectively. Although the elasticities are rather low, the scale of the expansion 

suggests that the effect has meaningful economic impacts. For example, in Sumatra the small 

holder production increased over 20 percent between 2005 and 2006. 

It is notable that results from the restricted sample on agricultural households should be 

interpreted cautiously. If the palm oil expansion affects the probability of households becoming a 

farm households this introduces bias to the estimated coefficient. An alternative way of studying 

the heterogeneous effects of palm oil on household expenditure is to introduce interaction terms. 

As expected, in the IV-regression the interaction term between rural dummy and smallholder 

production is positive and statistically significant at 10% level (see table B4 in Appendix). 

                                                 
16

 The elasticity is calculated using the form:     . 
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Finally, it is notable that generally the coefficients in the IV regressions are larger compared to 

the OLS equivalents suggesting that OLS coefficients are downward biased. 

Health outcomes. The impact of palm oil expansion on health outcomes is measured by 

studying the probability of household member reporting symptoms of asthma. Asthma and 

difficulties in breathing could be associated with forest fires toxic odours although there could be 

other relevant health indicators as well. Using the data for all Indonesia the results suggest that 

both smallholder area and smallholder production increases the prevalence of asthma (see table 

B6 in Appendix).
17

  The estimated elasticity is 0.001 for the smallholder area and 0.001 for the 

production, respectively. The interaction term between smallholder area/production and rural 

dummy is insignificant, implying that there is no difference in health impacts between urban or 

rural areas. The estimated interaction terms between industry dummies and smallholder 

area/production further suggest that smallholder production increases the probability of reporting 

asthma for individuals working in agriculture, and on the contrary; palm oil production decreases 

the probability for individuals working in mining, manufacturing, electricity, construction, 

wholesale and finance relative to agriculture (see table B7 in Appendix). It is notable that these 

results need to be interpreted cautiously. The total number of individuals aged 10 and above is 

over four millions in the sample and therefore in order to run the estimations I needed to take a 

random sample covering 30% of the individuals. I stratified the sample based on the district, year 

and the household per capita expenditure. I need to further examine whether the sample should 

also be stratified based on the age and industry affiliation.  

However, restricting the sample to Sumatra and Kalimantan only suggests that neither 

smallholder production nor smallholder area has statistically significant impact on health (see 

tables B8 and B9 in Appendix). This is a rather counterintuitive result relative to the results 

discussed for all Indonesia. The estimations on Sumatra and Kalimantan were implemented for 

the full sample of individuals, without any sampling. The results suggest that further 

stratifications might be appropriate for the full sample of individuals.  

 

                                                 
17

 It is notable that the individual data for all Indonesia is too big for estimation and therefore the data used in this 

study covers a 30% sample of individuals, stratified by year, district and household per capita expenditure.  
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5.2 Total production and area in Kalimantan 

My second set of results relate to the total production and area (both smallholders and large 

estates) in Kalimantan. Unfortunately data on both the area and production is lacking for Central 

Kalimantan and more, the production data for East Kalimantan is in fresh fruit bunches (FFB), 

not crude palm oil in tons, and therefore East Kalimantan is excluded from the production 

specification.  Given these restrictions, results cannot be generalized to whole area of 

Kalimantan.  

Per capita expenditure. Interestingly, according to the OLS specification, in these three 

specific provinces in Kalimantan total palm oil area is negatively associated with household 

consumption and the estimated coefficient is statistically significant at 1% level (see table B10 in 

Appendix). If we assume that the relationship is causal the estimated coefficient implies that one 

hectare increase in the district total area of oil palm plantations decreases the household per 

capita expenditure by -0.0002 of a percentage point. The corresponding elasticity is -0.062 which 

is rather low, though. Restricting the sample to only rural households or households whose head 

works in agriculture gives similar results. Unfortunately I cannot confirm whether the negative 

relationship is indeed causal using the IV specification. My instruments have only weak power in 

the prediction model. For example, using the preferred instrument i.e. historical values of palm 

oil area the F-test for the instrument is only 4.78 and the F-test of the 1
st
 stage (2SLS regression) 

is only 1.7.  

According to the OLS estimates total production of palm oil seems to have no impact on the 

household expenditure. The estimated impact is negative but falls short of statistical significance 

at conventional levels. Also in the restricted samples (only rural and only agricultural 

households) the estimated impacts just falls short of statistical significance at conventional 

levels.  

In the production model the chosen instruments work better. Historical value of production 

has a positive sign in the prediction model and the corresponding F-test rejects the null of zero 

coefficient, test statistic being 25.47.
18

 The IV regression confirms the OLS finding that total 

                                                 
18

 There is a problem of clustering the standard errors at the same unit as the fixed effects (in this application 

district) when the number of fixed effects is small. Therefore only a robust command is used. Clustering the 

standard errors produces an F-statistics of 11.65.  
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production of palm oil does not have a statistically significant impact on household expenditure. 

The estimated coefficient is now positive, but p-values are very high (see table B12 in 

Appendix). 

However, different results are obtained using forest area as exogenous variation in the 

prediction model. Forest area specification does not suffer from weak instrument bias. Now total 

production has a negative effect of per capita expenditure and the effect is statistically significant 

at 1% level. The estimated effect implies that one tone increase in the district total production 

decreases household expenditure by -0.0000896 of a percentage point, elasticity being -0.059. 

The negative effect seems to be stronger in rural areas and among the agricultural households, 

the corresponding elasticities are -0.123 and -0.154 respectively. It is notable that forest area in 

2000 has a very strong but negative impact on palm oil production, an opposite effect than in the 

prediction model for smallholder production. This lessens the attractiveness of the use of 

instrument, as it is not clear through which channel the instrument work.
19

 More, having only 

two provinces in the sample restricts the number of observations and there the provinces might 

have some specific characteristics that could affect the results. Generally it is not worrying that 

two instruments give different results because here the IV estimates captures the local average 

treatment effects, LATE, of palm oil production. This is, the IV estimate is the effect of palm oil 

production in districts where palm oil is produced either because of abundance of suitable land 

(forest cover) or because knowledge and crucial investments are in place (historical production) 

and which would not otherwise have palm oil production. These two instruments could have a 

different set of compliers. Despite of the problems in the IV estimation I conclude that we can 

rule out any positive effect of oil palm plantations or palm oil production in the selected 

provinces in Kalimantan. 

Asthma. My next set of results relates to the impact of total area and production of palm oil in 

Kalimantan on the probability of individuals reporting difficulties in breathing. The OLS 

estimation suggests that there is a positive relationship between total area of oil palm and the 

presence of difficulties in breathing and the coefficient is significant at 5% level. Putting the 

possible endogeneity problems aside, the estimated coefficient implies that one hectare increase 

                                                 
19

 Forest area should signal an opportunity to cultivate palm oil. However, the forest cover also includes mature oil 

palm plantations adding noise to the instrument. 
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in the district area of oil palm plantations increases the probability of individual reporting 

breathing problems by 0.0000066 of a percentage point, the estimated elasticity is 0.002. 

Interestingly, the interaction term between total area and rural is negative, suggesting that the 

relationship between plantations and breathing difficulties is more prominent in urban areas. 

IV-estimation using the historical area as an exogenous variation in the prediction model 

suffers from weak instrument bias and the F-statistic of the first stage is only 2.57. Historical 

forest area does not work any better. Therefore I cannot conclude whether the positive 

association between total oil palm area and the presence of difficulties is indeed a causal effect. 

However, the OLS estimates suggest that that also the total production is positively associated 

with asthma, the estimated coefficient is statistically significant at 5% level, and also the size of 

the coefficient is similar to one of the total area. Again, the relationship between palm oil 

production and total area is more prominent in urban areas.  

The IV-estimation confirms the positive affect obtained in the OLS specification. Both IV 

specifications, using either historical values of production or historical forest area, give 

statistically significant results, although the impact is more precisely estimated in the forest area 

specification. Using the result from the specification with historical production as instrument the 

estimated impact implies that one tone increase in the district total production increases the 

probability of reporting breathing difficulties by 0.00000647 of a percentage point and the 

corresponding elasticity is 0.005, very low indeed. Further, the estimated interaction terms 

suggest that asthma related to palm oil production is more common among individuals working 

in agriculture compared to other industry groups. Contrary to earlier results on smallholder 

production total palm oil production increases the probability of asthma more in urban areas 

relative to rural areas. 

 

6 Conclusions 

In Indonesia, the area of oil palm plantations has increased over 2100 percent since the 1980s. 

The expansion potentially has wide effects on environment, forest degradation, and rural 

development, but there is little systematic empirical evidence of the impacts of this expansion. 
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There are a few small scale, location-specific studies on the effects of palm oil on small scale 

producers (see for example Feintrenie et al., 2010) but the aggregate welfare effects remain 

unknown. This paper attempts to fill this gap.  

In this paper I have studied the welfare impacts of district oil palm plantations and palm oil 

production on households located in these districts. I have discussed that palm oil production 

requires investments and knowledge, and therefore the possible endogeneity problem must be 

addressed in any credible evaluation. I exploit two sources of exogenous variation in palm oil 

production. My preferred specification relies on the common assumption that lagged or historical 

values of an endogenous variable could be used as an instrument for current values. As a 

robustness check I also use district forest area prior to my study period to predict the oil palm 

plantations and production in the study period.  I focus on the smallholder production, both in all 

Indonesia and separately in the two main production regions, Sumatra and Kalimantan. In 

addition I study the impact of total production in selected provinces in Kalimantan. 

Two main findings merge. First, the effect of palm oil production on household welfare is 

rather mixed. Smallholder production increases household per capita expenditure in the main 

production regions, Sumatra and Kalimantan, and the result is in line with the anecdotal 

evidence. The estimated elasticity is quite low but taking into account that the effect is estimated 

for all households in the district, not just the households directly supported by the industry, the 

estimated effect is meaningful. Also the scale of the expansion suggests that the economic 

impacts are present. For example, in Sumatra the small holder production increased over 20 

percent between 2005 and 2006.  However, smallholder area has even negative impact on 

household expenditure in some specifications. Smallholder area in all Indonesia, and total area in 

selected provinces in Kalimantan, has a negative effect on household expenditure, although the 

estimated elasticities are again rather low. However, only the impact of smallholder area in all 

Indonesia could be interpreted as a causal relationship, because the chosen instruments do not 

have enough power in the latter specification. It is notable, that Indonesia is a very heterogenous 

country and pooling all the regions together in a single analysis might cause problems with 

comparability. Therefore the negative effect of smallholder area in all Indonesia should be 

interpreted with caution.  
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Contrary to the positive impact of the smallholder production in Sumatra and Kalimantan, I 

can rule out any positive effect of total production in the two selected provinces in Kalimantan, 

and the second set of IV results even indicate a negative relationship. However, due to the 

problems in IV estimation I conclude that the total production in the provinces of West 

Kalimantan and South Kalimantan does not have a statistically significant impact on household 

expenditure. 

Smallholder area and production increases the prevalence for asthma in all Indonesia, 

specifically in rural areas and among agricultural workers, but somewhat surprisingly neither 

smallholder area nor production affects individual health in Sumatra and Kalimantan.  However, 

both the total area and total production in Kalimantan adversely affect health, measured as a 

probability of individual reporting symptoms of asthma. But again, only the production effect 

could be interpreted as a causal effect. Both area and production could have adverse health 

effects, the former due to forest clearing due burning and the latter due to odours and toxic waste 

from the refineries. It is notable that even though the effects are statistically significant, 

elasticities are close to zero. Regardless of the low elasticities the impact might again be 

significant in the long run, given the scale of the expansion. 

As a result, the second important finding relates to regional disparities and heterogeneity. The 

results confirm that palm oil production cannot be taken as a panacea to increase rural welfare, 

and therefore cost and benefits in relation to the local conditions and environment have to be 

considered carefully before deciding any future expansions. 

This study cannot address the question if palm oil production has benefited individual 

farmers. However, the results for Sumatra and Kalimantan suggest that small holder production 

is welfare increasing in these areas, and also households not directly involved in the production 

have benefitted. However, the lack of evidence of positive effect of the total production in 

selected provinces in Kalimantan is worrying. If palm oil production alters ecosystems and water 

management, among others, households need resources to cope with the changes.  

These findings lay out various areas for future research. A natural step forward would be to 

replicate the study using firm data. Another interesting area for future research is to study district 

level outcomes in order to benefit from panel analyses, potential outcomes are poverty rates and 
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regional GDP, among others. An important extension would be to expand the study period. And 

finally, the question related to migration is left for future research.  

 

RERERENCES 

 

Angelsen, A. (1995): Shifting cultivation and “Deforestation”: A Study from Indonesia. World 

Development, 23 (10), pp. 1713-1729. 

 

Bigsten, A. – Kebede, B. – Shimeles, A. – Taddesse, M. (2003): Growth and Poverty Reduction 

in Ethiopia: Evidence from Household Panel Surveys. World Development, 31 (1), pp. 87-106. 

 

Broich, M. – Hansen, M. – Potapov, P. – Adusei, B. – Lindquist, E. – Stehman, S. (2010, in 

review): Time Series Analysis of multiresolution optical imagery for quantifying forest cover 

loss in Sumatra and Kalimantan, Indonesia. International Journal of Applied Earth Observation 

and Geoinformation.   

 

Chomitz, K.M. – Griffiths, C. (1996): Deforestation, shifting cultivation, and tree crops in 

Indonesia: Nationwide patterns of smallholder agriculture at the forest frontier. Mimeo, the 

World Bank. 

 

Deasy, G. F. (1942): Localization of Sumatra’s Oil Palm Industry. Economic Geography, 18 (2), 

pp. 153-158. 

 

Departementen Pertanian; Sekretariat Direktorat Jenderal Perkebunan (2009): Statistik 

Perkebunan, Tree Crop Estate Statistik 2008-2010, Kelapa Sawit, Oil Palm. Jakarta 2009.  

 

Duflo, E. and Pande, R. (2007): Dams. Quarterly Journal of Economics, 122 (2), pp. 601-646. 

 

Feintrenie, L. – Chong, W. K. – Levang, P. (2010): Why do Farmers Prefer Oil Palm? Lessons 

Learnt from Bungo District. Small-Scale Forestry.  

 



Draft, not for citation 30 

 

Food and Agriculture Organization (FAO) (2005): Global Forest Resources Assessment 2005. 

Progress towards sustainable forest management. FAO Forestry Paper No, 147.  

 

Glewwe, P. (1991): Investigating the determinants of household welfare in Côte d’Ivoire. 

Journal of Development Economics, 35 (2), pp. 307-337. 

 

Godoy, R. A. (1992): Determinants of smallholder tree crops cultivation. World Development, 20 

(5), pp. 713-725. 

 

Houghton, R. A. (1993): The role of the world’s forest in global warming. In Ramakrishna, K. 

And Woodwell, G. M. (eds): The World Forests for the Future. Yale University Press, New 

Haven.  

 

Jalan, J. – Ravallion, M. (1999): Are the poor less well insured? Evidence on the vulnerability to 

income risk in rural China. Journal of Development Economics, 58 (1), pp. 61-81. 

 

Mishra, S. C. (2008): Economic Inequality in Indonesia. Trends, Causes and Policy Response. 

UNDP. 

 

McCarthy, J. – Zen, Z. (2010): Regulating the Oil Palm Boom: Assessing the Effectiveness of 

Environmental Governance Approaches to Agro-Industrial Pollution in Indonesia. Law and 

Policy, 32 (1), pp. 153-179.  

 

Miyamoto, M. (2006): Forest conversion to rubber around Sumatran villages in Indonesia: 

Comparing the impacts of road construction, transmigration projects and population. Forest 

Policy and Economics 9, pp. 1-12. 

 

 

Peskett, L. – Slater, R. – Stevens, C. – Dufey, A. (2007): Biofuels, Agriculture and Poverty 

Reduction.  Natural Resource Perspectives 107, Overseas Development Institute. 

 

Purnamasari, R. – Cacho, O. – Simmons, P. (1999): Management Strategies for Indonesian 

small-holder rubber production in South Sumatra: A bioeconomic analysis. University of New 

England, Working Paper Series in Agricultural and Resource Economics, No. 99-14. 

 

Saiz, A. (2007): Immigration and housing rents in American cities. Journal of Urban Economics 

61, pp. 345-371. 

 

Sheil, D. – Casson, A. – Meijaard, E. – Van Noordwijk, M. – Gaskell, J. – Sunderland-Groves, J. 

– Wertz, K. – Kanninen, M. (2009): The impacts and opportunities of oil palm in Southeast Asia. 

What do we know and what do we need to know? CIFOR Occasional Paper No. 51.  



Draft, not for citation 31 

 

 

Tomich, T. P. – van Noordwijk, M. – Budidarsono, S. – Gilison, A. – Kusumanto, T. – 

Murdiyarso, D. – Stolle, F. – Fagi, A. M. (1998): Alternatives to Slash-and-Burn in Indonesia,  

Summary Report and Synthesis of Phase II. ASB-Indonesia Report No. 8. Bogor, Indonesia. 

Avalable at: http://www.worldagroforestrycentre.org/sea/Publications/files/report/RP0002-

04.PDF. Accessed 4 October 2010. 

 

United States Department of Agriculture (USDA) (2009): Oilseeds: World Markets and Trade. 

Available at http://www.fas.usda.gov/psdonline/circulars/oilseeds.pdf (accessed on 23rd 

September 2009). 

 

Vermeulen, S. – Goad, N. (2006): Towards better practise in smallholder palm oil production. 

Natural Resource Issues Series No, 5.  International Institute for Environment and Development. 

London, UK. 

 

The World Bank (2006): Making the New Indonesia Work for the Poor. The World Bank, 

Washington DC. 

 

Appendix A 

 

Table A1. Sample descriptive statistics for household expenditure and smallholder specification 

for all Indonesia 

 mean sd min max 

     

Smallholder area 6028.009 17508.44 0 139195 

Smallholder 

production 

12175.8 38280.84 0 398553 

Log PCE 12.57593 .5783961 7.805269 18.49094 

Rural .613259 .4870037 0 1 

HHsize 4.041449 1.742594 1 24 

Female head .1253501 .3311156 0 1 

Age 45.1729 13.66617 15 98 

http://www.worldagroforestrycentre.org/sea/Publications/files/report/RP0002-04.PDF
http://www.worldagroforestrycentre.org/sea/Publications/files/report/RP0002-04.PDF
http://www.fas.usda.gov/psdonline/circulars/oilseeds.pdf
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 mean sd min max 

Age squared 2227.355 1354.214 225 9604 

No school .0977477 .2969734 0 1 

Primary .4809361 .4996367 0 1 

Junior high .1607938 .3673408 0 1 

Senior high .1977642 .3983136 0 1 

University .0627582 .2425277 0 1 

Agriculture .4440373 .4968586 0 1 

Mining .0150143 .1216095 0 1 

Manufacturing .0717459 .2580668 0 1 

Electricity .0025168 .0501048 0 1 

Construction .0472489 .2121709 0 1 

Wholesale .1296686 .3359387 0 1 

Transportation .0613987 .2400603 0 1 

Finance .0107157 .1029604 0 1 

Public service .1060282 .3078739 0 1 

Other or no work .1116256 .3149054 0 1 

Employer .0441116 .2053432 0 1 

Employee .2412344 .4278324 0 1 

Casual worker .0688994 .2532831 0 1 

Family worker .1178464 .3224264 0 1 

2004 .2511822 .4336933 0 1 

2005 .2568154 .4368769 0 1 

2006 .2715748 .444772 0 1 

     

N 1004044                

 

Table A2. Sample descriptive statistics for household expenditure and smallholder specification, 

Only Sumatra and Kalimantan. 

 mean sd min max 

     

Smallholder area 15362.09 25587.14 0 139195 

Smallholder 31064.52 56817.84 0 398553 
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 mean sd min max 

production 

Log PCE 12.58766 .5807338 7.805269 17.51766 

Rural .6584804 .47422 0 1 

HHsize 4.158136 1.756128 1 20 

Female head .1135984 .3173233 0 1 

Age 44.07696 13.24604 15 98 

Age squared 2118.236 1291.671 225 9604 

No school .0574366 .2326753 0 1 

Primary .4778933 .4995117 0 1 

Junior high .189625 .3920048 0 1 

Senior high .2180836 .412945 0 1 

University .0569615 .2317693 0 1 

Agriculture .4959276 .4999841 0 1 

Mining .0259168 .1588874 0 1 

Manufacturing .0509431 .2198819 0 1 

Electricity .0025704 .0506339 0 1 

Construction .0431748 .2032508 0 1 

Wholesale .1217769 .3270284 0 1 

Transportation .0585297 .2347426 0 1 

Finance .0083395 .0909394 0 1 

Public service .1006478 .3008622 0 1 

Other or no work .0921733 .2892708 0 1 

Employer .045039 .20739 0 1 

Employee .2471784 .4313719 0 1 

Casual worker .0504031 .2187755 0 1 

Family worker .0983266 .2977562 0 1 

2004 .2487206 .4322721 0 1 

2005 .2523763 .4343766 0 1 

2006 .2898833 .4537086 0 1 

     

N 385155    
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Table A3. Sample descriptive statistics for health and smallholder production specification, All 

Indonesia. 

 Mean sd min max 

     

Smallholder area 6138.293 17677.1 0 139195 

Smallholder 

production 

12460.11 38773.62 0 398553 

Asthma .0171637 .1298813 0 1 

Rural .6069621 .4884254 0 1 

Female .5010471 .4999992 0 1 

Age 33.40584 16.8455 10 98 

Age squared 1399.721 1356.391 100 9604 

No school .0757128 .2645381 0 1 

Primary .4512469 .4976177 0 1 

Junior high .2094875 .406943 0 1 

Senior high .2107342 .4078302 0 1 

University .0528186 .2236713 0 1 

Agriculture .2598248 .4385386 0 1 

Mining .0067515 .0818899 0 1 

Manufacturing .0498278 .2175891 0 1 

Electricity .001162 .0340686 0 1 

Construction .0212777 .1443088 0 1 

Wholesale .0875657 .2826624 0 1 

Transportation .0272022 .1626722 0 1 

Finance .0060694 .0776698 0 1 

Public service  .0635994 .2440381 0 1 

Other or no work .4767194 .499458 0 1 

Own toilet .6205662 .4852464 0 1 

Tap water .2051519 .4038128 0 1 

Own house .8438509 .3629969 0 1 

2004 .2507309 .4334341 0 1 

2005 .2574334 .4372203 0 1 

2006 .2733585 .4456836 0 1 
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N 979333    

 

Table A4. Sample descriptive statistics for health and smallholder production specification, 

Sumatra and Kalimantan. 

 Mean sd min max 

     

Smallholder area 16294.75 27091.9 0 158028 

Smallholder 

production 

34652.12 64895.6 0 502366 

Asthma .0172982 .1303802 0 1 

Rural .6543947 .4755654 0 1 

Female .4959041 .4999834 0 1 

Age 32.34686 16.29071 10 98 

Age squared 1311.706 1281.209 100 9604 

No school .0452623 .207879 0 1 

Primary .44298 .4967382 0 1 

Junior high .2277899 .4194065 0 1 

Senior high .2307079 .421286 0 1 

University .0532599 .2245513 0 1 

Agriculture .2990515 .4578426 0 1 

Mining .0129136 .1129017 0 1 

Manufacturing .0296423 .1695986 0 1 

Electricity .0013892 .037246 0 1 

Construction .019921 .139729 0 1 

Wholesale .080173 .2715609 0 1 

Transportation .0246058 .1549205 0 1 

Finance .0047524 .0687738 0 1 

Public service .0653192 .2470884 0 1 

Other or no work .4622319 .4985717 0 1 

Own toilet .6473018 .4778099 0 1 

Tap water .1854075 .3886279 0 1 

Own house .8056307 .3957145 0 1 

2004 .1952284 .3963765 0 1 
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 Mean sd min max 

2005 .1981113 .3985766 0 1 

2006 .2253436 .4178085 0 1 

2008 .2199855 .4142366 0 1 

     

N 1626121    

 

Table A5.  Sample descriptive statistics for household expenditure and total area and production 

in selected provinces in Kalimantan. 

 mean sd min max 

     

Total area 37089.35 54594.53 0 187511 

Total production 66264.87 106355.2 0 376880 

Log PCE 12.63234 .5163343 10.08909 16.13105 

Rural .7195798 .4492102 0 1 

HHsize 4.136967 1.757334 1 18 

Female head .1086581 .3112137 0 1 

Age 43.88025 12.97306 15 98 

Age squared 2093.773 1255.363 225 9604 

Primary .5240615 .4994271 0 1 

Junior high .1572388 .3640304 0 1 

Senior high .1667514 .3727586 0 1 

University .0506664 .2193183 0 1 

Mining .0313867 .1743627 0 1 

Manufacturing .0459355 .2093479 0 1 

Electricity .0030268 .0549334 0 1 

Construction .0403652 .1968169 0 1 

Wholesale .10731 .3095109 0 1 

Transportation .0425018 .2017335 0 1 

Finance .0062824 .0790134 0 1 

Public service .0923543 .2895291 0 1 

Other or no work .0838336 .2771416 0 1 

Employer .0390681 .1937594 0 1 
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 mean sd min max 

Employee .2283803 .4197943 0 1 

Casual worker .0400855 .1961622 0 1 

Family worker .0892766 .2851462 0 1 

2005 .3787262 .4850759 0 1 

2006 .3864076 .486932 0 1 

2007 .0802981 .2717576 0 1 

     

N 39316                

Appendix B 

 

Table B1. Prediction models for total area and production in selected provinces in Kalimantan. 

 Area with 

historical values 

from Podes 

Production with 

historical values 

from Podes 

Area with district 

forest area in 2000 

Production with 

district forest area in 

2000 

Oil palm area in 

2002 

0.0000047**    

 (0.0000021)    

Palm oil 

production in 

2002 

 0.0000038***   

  (0.0000008)   

Forest area in 

2000 

  -0.0000079  

   (0.0000205)  

Forest area in 

2000 

   -0.0001992*** 

    (0.0000284) 

Observations 146 94 141 89 

F-test for 

instrument 

4.78** 25.47*** 0.15 49.11*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed 

effects 

Yes Yes Yes Yes 

Province year 

interactions 

Yes Yes Yes Yes 

    

Robust standard errors in parenthesis 
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Instruments are interacted with predicted province area of palm oil in the area specifications and predicted 

province production in the production specifications.  

Specifications using forest area an instrument also include forestarea*year interaction terms 

* p<0.1, ** p<0.05, *** p<0.01 

 

Table B2.  Smallholder area/production and LOG PCE, All Indonesia. In IV-regression 

historical values from PODES2003 as an instrument. 

 OLS; Area, All 

Indonesia 

IV; Area, All 

Indonesia 

OLS; Production, 

All Indonesia 

IV; Production, 

All Indonesia 

Small holder area -0.0000018** -0.0000022*   

 (0.0000009) (0.0000013)   

Small holder 

production 

  0.0000002 0.0000005 

   (0.0000004) (0.0000007) 

Rural 0.0357192** 0.0357255** 0.0356762** 0.0356450** 

 (0.0139907) (0.0139697) (0.0139929) (0.0139756) 

HHsize -0.1268017*** -0.1268003*** -0.1268082*** -0.1268079*** 

 (0.0009814) (0.0009799) (0.0009811) (0.0009795) 

Female head -0.0320726*** -0.0320744*** -0.0320639*** -0.0320630*** 

 (0.0038245) (0.0038184) (0.0038244) (0.0038188) 

Age 0.0166306*** 0.0166323*** 0.0166205*** 0.0166158*** 

 (0.0004842) (0.0004834) (0.0004840) (0.0004835) 

Age squared -0.0001286*** -0.0001286*** -0.0001285*** -0.0001285*** 

 (0.0000045) (0.0000045) (0.0000045) (0.0000045) 

Primary 0.1284548*** 0.1284513*** 0.1284659*** 0.1284547*** 

 (0.0040909) (0.0040839) (0.0040930) (0.0040907) 

Junior high 0.2235306*** 0.2235278*** 0.2235391*** 0.2235287*** 

 (0.0056958) (0.0056861) (0.0056983) (0.0056936) 

Senior high 0.3586313*** 0.3586380*** 0.3585818*** 0.3585411*** 

 (0.0072736) (0.0072632) (0.0072753) (0.0072693) 

University 0.6800663*** 0.6800605*** 0.6800984*** 0.6801099*** 

 (0.0175739) (0.0175467) (0.0175716) (0.0175435) 

Mining 0.1267782*** 0.1267506*** 0.1269565*** 0.1270682*** 

 (0.0155827) (0.0155622) (0.0156057) (0.0156014) 

Manufacturing 0.0825386*** 0.0825028*** 0.0827476*** 0.0828447*** 

 (0.0054724) (0.0054710) (0.0054711) (0.0054646) 

Electricity 0.2123682*** 0.2123671*** 0.2124084*** 0.2124856*** 

 (0.0134412) (0.0134217) (0.0134387) (0.0134162) 

Construction 0.0261543*** 0.0261194*** 0.0263506*** 0.0264289*** 

 (0.0054731) (0.0054714) (0.0054819) (0.0054708) 

Wholesale 0.1617666*** 0.1617584*** 0.1618112*** 0.1618266*** 

 (0.0048700) (0.0048658) (0.0048693) (0.0048628) 

Transportation 0.0826457*** 0.0826355*** 0.0827100*** 0.0827474*** 

 (0.0056468) (0.0056413) (0.0056477) (0.0056388) 

Finance 0.2342391*** 0.2341772*** 0.2345991*** 0.2347634*** 

 (0.0087346) (0.0087396) (0.0087427) (0.0087381) 

Public service 0.1183304*** 0.1183007*** 0.1185142*** 0.1186177*** 

 (0.0062895) (0.0062834) (0.0062916) (0.0062917) 
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 OLS; Area, All 

Indonesia 

IV; Area, All 

Indonesia 

OLS; Production, 

All Indonesia 

IV; Production, 

All Indonesia 

No work or other 0.0669844*** 0.0670510*** 0.0665567*** 0.0662928*** 

 (0.0124811) (0.0124792) (0.0125057) (0.0125318) 

Employer 0.2215277*** 0.2215547*** 0.2213816*** 0.2213344*** 

 (0.0092651) (0.0092497) (0.0092670) (0.0092526) 

Employee 0.0165287*** 0.0165640*** 0.0163083*** 0.0161823*** 

 (0.0040940) (0.0040845) (0.0040863) (0.0040829) 

Casual worker -0.0483219*** -0.0483242*** -0.0483064*** -0.0482960*** 

 (0.0043103) (0.0043055) (0.0043060) (0.0042996) 

Family worker no 

work or other 

0.0218235* 0.0217612* 0.0222197* 0.0224588* 

 (0.0116535) (0.0116566) (0.0116879) (0.0117172) 

Observations 1004044 1004044 1004044 1004044 

     

F-test 1
st
 stage  67.13***  39.21*** 

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

  

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed.  

* p<0.1, ** p<0.05, *** p<0.01 

 

Table B3. Log PCE, Smallholder area, only Sumatra and Kalimantan. OLS and IV-estimates.  

 OLS IV with historical 

values from 

PODES as an 

instrument 

IV with rural 

interaction, 

historical values 

from PODES as 

an instrument 

IV with district 

forest area as an 

instrument 

Small holder area 0.0000002 0.0000045 0.0000040 0.0000038 

 (0.0000011) (0.0000034) (0.0000038) (0.0000034) 

Rural     

     

Rural*Small 

holder area 

  0.0000005  

   (0.0000008)  

Rural 0.0771312*** 0.0766544*** 0.0682503*** 0.0805259*** 

 (0.0223661) (0.0223307) (0.0249386) (0.0225615) 

HHsize -0.1289239*** -0.1289599*** -0.1289610*** -0.1292992*** 

 (0.0014124) (0.0014106) (0.0014105) (0.0014085) 

Female head -0.0590723*** -0.0590532*** -0.0589953*** -0.0605044*** 

 (0.0049748) (0.0049469) (0.0049454) (0.0049686) 

Age 0.0172197*** 0.0171793*** 0.0171755*** 0.0172532*** 

 (0.0006921) (0.0006888) (0.0006880) (0.0006981) 

Age squared -0.0001356*** -0.0001352*** -0.0001352*** -0.0001361*** 

 (0.0000067) (0.0000066) (0.0000066) (0.0000067) 

Primary 0.1000690*** 0.0998754*** 0.0998355*** 0.0993205*** 



Draft, not for citation 40 

 

 OLS IV with historical 

values from 

PODES as an 

instrument 

IV with rural 

interaction, 

historical values 

from PODES as 

an instrument 

IV with district 

forest area as an 

instrument 

 (0.0069776) (0.0069427) (0.0069692) (0.0070313) 

Junior high 0.1768619*** 0.1764791*** 0.1764253*** 0.1743823*** 

 (0.0087678) (0.0087689) (0.0087823) (0.0087852) 

Senior high 0.2922790*** 0.2917447*** 0.2918094*** 0.2894023*** 

 (0.0105482) (0.0105047) (0.0105166) (0.0105426) 

University 0.5678292*** 0.5676366*** 0.5676264*** 0.5645192*** 

 (0.0198047) (0.0197224) (0.0197297) (0.0200199) 

Mining 0.1308119*** 0.1315618*** 0.1327806*** 0.1327219*** 

 (0.0174627) (0.0175022) (0.0172842) (0.0175653) 

Manufacturing 0.0926383*** 0.0930611*** 0.0935749*** 0.0952015*** 

 (0.0126321) (0.0125902) (0.0126437) (0.0127603) 

Electricity 0.2324067*** 0.2321498*** 0.2326286*** 0.2344765*** 

 (0.0281137) (0.0279765) (0.0279169) (0.0285371) 

Construction 0.0001795 0.0006580 0.0011847 0.0029119 

 (0.0101433) (0.0101171) (0.0100440) (0.0102076) 

Wholesale 0.1763001*** 0.1761581*** 0.1763682*** 0.1776488*** 

 (0.0070132) (0.0069703) (0.0069508) (0.0070143) 

Transportation 0.0697546*** 0.0698420*** 0.0701549*** 0.0726296*** 

 (0.0101263) (0.0100616) (0.0100799) (0.0100790) 

Finance 0.2374336*** 0.2387377*** 0.2392325*** 0.2353167*** 

 (0.0172252) (0.0172146) (0.0171841) (0.0166986) 

Public service 0.1143840*** 0.1149477*** 0.1152089*** 0.1162287*** 

 (0.0094313) (0.0093981) (0.0094075) (0.0094847) 

No work or other 0.0412050* 0.0388913 0.0389830 0.0411288 

 (0.0246011) (0.0248171) (0.0247999) (0.0251148) 

Employer 0.2055814*** 0.2049597*** 0.2047044*** 0.2033868*** 

 (0.0102626) (0.0102554) (0.0102789) (0.0101930) 

Employee 0.0291268*** 0.0284123*** 0.0281260*** 0.0297876*** 

 (0.0062316) (0.0061184) (0.0061395) (0.0061400) 

Casual worker -0.0363864*** -0.0362946*** -0.0364713*** -0.0377804*** 

 (0.0091757) (0.0091500) (0.0091718) (0.0093081) 

Family worker no 

work or other 

0.0387815 0.0407639* 0.0406742* 0.0397402 

 (0.0237220) (0.0239429) (0.0239265) (0.0242329) 

Observations 385155 385155 385155 378823 

F- test 1
st
 stage  71.59*** 36.09*** 21.93*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

   

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 



Draft, not for citation 41 

 

Table B4. Log PCE, Smallholder production, only Sumatra and Kalimantan.  

 OLS IV with PODES IV with PODES; 

with rural 

interaction 

IV with forest 

Small holder 

production 

0.0000007* 0.0000019* 0.0000014 0.0000020* 

 (0.0000004) (0.0000010) (0.0000012) (0.0000011) 

Rural     

     

Rural*Small 

holder production 

  0.0000006*  

   (0.0000004)  

Rural 0.0768389*** 0.0763256*** 0.0573393** 0.0801097*** 

 (0.0223648) (0.0223275) (0.0240343) (0.0225406) 

HHsize -0.1289234*** -0.1289251*** -0.1289141*** -0.1292704*** 

 (0.0014105) (0.0014066) (0.0014050) (0.0014022) 

Female head -0.0590990*** -0.0591415*** -0.0590499*** -0.0605980*** 

 (0.0049736) (0.0049540) (0.0049473) (0.0049743) 

Age 0.0172021*** 0.0171706*** 0.0171552*** 0.0172349*** 

 (0.0006905) (0.0006890) (0.0006878) (0.0006988) 

Age squared -0.0001354*** -0.0001352*** -0.0001350*** -0.0001359*** 

 (0.0000066) (0.0000066) (0.0000066) (0.0000067) 

Primary 0.0998423*** 0.0994566*** 0.0992724*** 0.0988312*** 

 (0.0070081) (0.0070657) (0.0071128) (0.0071138) 

Junior high 0.1765466*** 0.1760023*** 0.1756894*** 0.1737919*** 

 (0.0088010) (0.0088728) (0.0088926) (0.0088494) 

Senior high 0.2918823*** 0.2911935*** 0.2910864*** 0.2886980*** 

 (0.0105798) (0.0106286) (0.0106585) (0.0106234) 

University 0.5676721*** 0.5674008*** 0.5670839*** 0.5642336*** 

 (0.0198229) (0.0197965) (0.0198183) (0.0200877) 

Mining 0.1312457*** 0.1320104*** 0.1341900*** 0.1333610*** 

 (0.0175444) (0.0176001) (0.0177145) (0.0176502) 

Manufacturing 0.0927821*** 0.0930478*** 0.0942526*** 0.0952924*** 

 (0.0126351) (0.0125927) (0.0126038) (0.0127495) 

Electricity 0.2326063*** 0.2329160*** 0.2336530*** 0.2352998*** 

 (0.0280693) (0.0279093) (0.0278201) (0.0284187) 

Construction 0.0002911 0.0005076 0.0016469 0.0028629 

 (0.0101593) (0.0101162) (0.0100749) (0.0101982) 

Wholesale 0.1761937*** 0.1760092*** 0.1763723*** 0.1774755*** 

 (0.0069952) (0.0069550) (0.0069249) (0.0070148) 

Transportation 0.0698412*** 0.0699896*** 0.0706391*** 0.0728176*** 

 (0.0101169) (0.0100541) (0.0100498) (0.0100494) 

Finance 0.2379503*** 0.2388896*** 0.2398729*** 0.2357460*** 

 (0.0172463) (0.0171832) (0.0171434) (0.0166182) 

Public service 0.1147022*** 0.1152641*** 0.1159100*** 0.1166761*** 

 (0.0094356) (0.0094235) (0.0094150) (0.0094577) 

No work or other 0.0397378 0.0371672 0.0372966 0.0388161 

 (0.0246369) (0.0249318) (0.0248651) (0.0256356) 

Employer 0.2054193*** 0.2051097*** 0.2045569*** 0.2034146*** 

 (0.0102585) (0.0102401) (0.0102689) (0.0101876) 
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 OLS IV with PODES IV with PODES; 

with rural 

interaction 

IV with forest 

Employee 0.0286783*** 0.0278920*** 0.0271618*** 0.0290904*** 

 (0.0062240) (0.0061614) (0.0061727) (0.0061307) 

Casual worker -0.0363139*** -0.0361885*** -0.0366011*** -0.0376415*** 

 (0.0091590) (0.0091407) (0.0091664) (0.0093125) 

Family worker no 

work or other 

0.0400184* 0.0421877* 0.0420833* 0.0416582* 

 (0.0237938) (0.0240754) (0.0240175) (0.0247244) 

Observations 385155 385155 385155 378823 

F-test 1
st
 stage  35.19*** 17.59*** 40.24*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

 

Table B5. LOG PCE:  Smallholder production, IV-estimates for restricted samples, Sumatra and 

Kalimantan only.  

 IV; only rural, 

with historical 

values from 

PODES as an 

instrument 

IV; only rural, 

district forest area 

as an instrument 

Only rural and 

agricultural hh, 

PODES 

Only rural and 

agricultural hh, 

Forest 

Small holder 

production 

0.0000027** 0.0000034** 0.0000025** 0.0000032** 

 (0.0000012) (0.0000015) (0.0000012) (0.0000015) 

HHsize -0.1292458*** -0.1293421*** -0.1295518*** -0.1295213*** 

 (0.0016222) (0.0016157) (0.0017811) (0.0017816) 

Female head -0.0736005*** -0.0747760*** -0.0831678*** -0.0836727*** 

 (0.0050637) (0.0050398) (0.0064198) (0.0064547) 

Age 0.0166811*** 0.0167197*** 0.0143182*** 0.0143742*** 

 (0.0006440) (0.0006509) (0.0007776) (0.0007743) 

Age squared -0.0001367*** -0.0001370*** -0.0001115*** -0.0001121*** 

 (0.0000066) (0.0000067) (0.0000080) (0.0000080) 

Primary 0.0815022*** 0.0804383*** 0.0711337*** 0.0703747*** 

 (0.0070269) (0.0069969) (0.0081986) (0.0081390) 

Junior high 0.1448036*** 0.1431693*** 0.1251543*** 0.1237901*** 

 (0.0090488) (0.0089801) (0.0099322) (0.0097779) 

Senior high 0.2336645*** 0.2314761*** 0.1908059*** 0.1892722*** 

 (0.0098473) (0.0096674) (0.0113825) (0.0111303) 

University 0.4347487*** 0.4325318*** 0.3778386*** 0.3771346*** 

 (0.0140931) (0.0141484) (0.0239740) (0.0241316) 

Mining 0.1329386*** 0.1339224***   
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 IV; only rural, 

with historical 

values from 

PODES as an 

instrument 

IV; only rural, 

district forest area 

as an instrument 

Only rural and 

agricultural hh, 

PODES 

Only rural and 

agricultural hh, 

Forest 

 (0.0138792) (0.0138965)   

Manufacturing 0.0855781*** 0.0866825***   

 (0.0109254) (0.0110180)   

Electricity 0.2273850*** 0.2230426***   

 (0.0618346) (0.0624277)   

Construction 0.0365244*** 0.0373411***   

 (0.0116015) (0.0116870)   

Wholesale 0.1919886*** 0.1930245***   

 (0.0073749) (0.0074172)   

Transportation 0.1415674*** 0.1433718***   

 (0.0122652) (0.0121475)   

Finance 0.2003121*** 0.2027144***   

 (0.0294674) (0.0295723)   

Public service 0.1388745*** 0.1401211***   

 (0.0119091) (0.0117332)   

No work or other 0.0022559 0.0020189   

 (0.0267338) (0.0275722)   

Employer 0.1523053*** 0.1532706*** 0.1162117*** 0.1170417*** 

 (0.0090126) (0.0090964) (0.0120083) (0.0121476) 

Employee 0.0424832*** 0.0431296*** 0.0410099*** 0.0412778*** 

 (0.0092926) (0.0092431) (0.0114460) (0.0115832) 

Casual worker -0.0179041 -0.0178488 -0.0150015 -0.0143219 

 (0.0111811) (0.0114473) (0.0124095) (0.0126068) 

Family worker no 

work or other 

0.0362241 0.0371030 0.0399708 0.0409272 

 (0.0271092) (0.0278290) (0.0303669) (0.0311657) 

Observations 253617 251154 173564 172321 

F-test 1
st
 stage 24.43*** 36.84*** 23.18*** 35.25*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

  

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

Table B6. Asthma and smallholder area and production. OLS and IV regressions. Historical 

values from PODES as an instrument. All Indonesia. 

 OLS; Area IV; Area OLS; Production IV; Production 

Small holder area 0.000000121*** 0.000000173**   

 (0.000000046) (0.000000083)   
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 OLS; Area IV; Area OLS; Production IV; Production 

Small holder 

production 

  0.000000042** 0.000000079*** 

   (0.000000018) (0.000000024) 

Rural 0.002722590*** 0.002720524*** 0.002721816*** 0.002716894*** 

 (0.000520928) (0.000520341) (0.000520895) (0.000520281) 

Female -0.005083883*** -0.005083719*** -0.005083404*** -0.005082641*** 

 (0.000356215) (0.000355673) (0.000356211) (0.000355690) 

Age -0.001067874*** -0.001067877*** -0.001067920*** -0.001067965*** 

 (0.000070961) (0.000070852) (0.000070956) (0.000070845) 

Age squared 0.000028264*** 0.000028264*** 0.000028264*** 0.000028264*** 

 (0.000001116) (0.000001115) (0.000001116) (0.000001115) 

Primary -0.008620541*** -0.008620048*** -0.008622774*** -0.008623742*** 

 (0.001165593) (0.001163861) (0.001165502) (0.001163907) 

Junior high -0.010460918*** -0.010460179*** -0.010464510*** -0.010466181*** 

 (0.001157967) (0.001156223) (0.001157922) (0.001156260) 

Senior high -0.010424502*** -0.010424318*** -0.010430612*** -0.010435650*** 

 (0.001144601) (0.001142968) (0.001144508) (0.001142844) 

University -0.010947013*** -0.010948057*** -0.010950999*** -0.010956674*** 

 (0.001253456) (0.001251682) (0.001253344) (0.001251319) 

Mining -0.000662242 -0.000663998 -0.000663723 -0.000668636 

 (0.001511275) (0.001509156) (0.001511408) (0.001509492) 

Manufacturing 0.003518414*** 0.003519184*** 0.003519413*** 0.003521877*** 

 (0.000698471) (0.000697308) (0.000698358) (0.000697116) 

Electricity -0.004717164** -0.004716352** -0.004717950** -0.004716983** 

 (0.001974438) (0.001971457) (0.001974367) (0.001971374) 

Construction 0.000302071 0.000302830 0.000301015 0.000301634 

 (0.000855630) (0.000854396) (0.000855480) (0.000854083) 

Wholesale 0.002502390*** 0.002502689*** 0.002502060*** 0.002502380*** 

 (0.000598148) (0.000597130) (0.000598119) (0.000596997) 

Transportation 0.001623238** 0.001621876** 0.001622853** 0.001619719** 

 (0.000762388) (0.000760857) (0.000762606) (0.000760992) 

Finance 0.002299764* 0.002302112* 0.002301775* 0.002308370* 

 (0.001303518) (0.001301285) (0.001303374) (0.001301075) 

Public service 0.001577633** 0.001577706** 0.001578166** 0.001578787** 

 (0.000630015) (0.000629032) (0.000630005) (0.000629003) 

No work or other 0.009417202*** 0.009415935*** 0.009416074*** 0.009412477*** 

 (0.000563987) (0.000563024) (0.000564195) (0.000563310) 

Own toilet -0.004836945*** -0.004835771*** -0.004836036*** -0.004832823*** 

 (0.000409104) (0.000408509) (0.000408896) (0.000408373) 

Tap water -0.000934937** -0.000934852** -0.000935170** -0.000935201** 

 (0.000464061) (0.000463253) (0.000464142) (0.000463305) 

Own house -0.002561952*** -0.002561088*** -0.002562652*** -0.002561502*** 

 (0.000399114) (0.000398384) (0.000399441) (0.000399056) 

Observations 979333 979333 979333 979333 

F-test 1
st
 stage  68.01***  38.04*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed effects  Yes Yes Yes Yes 
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Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

Table B7. Asthma and smallholder production; IV regressions with interactions; All Indonesia. 

Historical values from PODES as an instrument. 

 IV; Area, Rural 

Interaction 

IV; Area, Industry 

Interaction 

IV; Production, 

Rural Interaction 

IV; Production, 

Industry 

Interaction 

Small holder area 0.000000155* 0.000000190**   

 (0.000000083) (0.000000087)   

Small holder 

production 

  0.000000076*** 0.000000089*** 

   (0.000000027) (0.000000026) 

Rural 0.002589968*** 0.002704929*** 0.002643292*** 0.002705804*** 

 (0.000551426) (0.000519552) (0.000549198) (0.000519675) 

Rural*Small holder 

area 

0.000000021    

 (0.000000032)    

Rural*Small holder 

production 

  0.000000007  

   (0.000000014)  

Mining*Palm oil  -0.000000162***  -0.000000060* 

  (0.000000050)  (0.000000032) 

Manufacturing*Palm 

oil 

 -0.000000074*  -0.000000025 

  (0.000000042)  (0.000000019) 

Electricity*Palm oil  -0.000000110**  -0.000000039** 

  (0.000000044)  (0.000000018) 

Construction*Palm 

oil 

 -0.000000076**  -0.000000030* 

  (0.000000038)  (0.000000018) 

Wholesale*Palm oil  -0.000000083***  -0.000000031** 

  (0.000000031)  (0.000000013) 

Transportation*Palm 

oil 

 -0.000000008  -0.000000010 

  (0.000000039)  (0.000000016) 

Finance*Palm oil  -0.000000151***  -0.000000075*** 

  (0.000000042)  (0.000000024) 

Public service*Palm 

oil 

 -0.000000012  -0.000000003 

  (0.000000040)  (0.000000018) 

Other*Palm oil  -0.000000028  -0.000000011 

  (0.000000017)  (0.000000008) 

Female head -0.005084144*** -0.005088106*** -0.005071375*** -0.005085335*** 

 (0.000355691) (0.000355911) (0.000355503) (0.000355860) 

Age -0.001067774*** -0.001068175*** -0.001066992*** -0.001068272*** 
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 IV; Area, Rural 

Interaction 

IV; Area, Industry 

Interaction 

IV; Production, 

Rural Interaction 

IV; Production, 

Industry 

Interaction 

 (0.000070854) (0.000070844) (0.000070811) (0.000070831) 

Age squared 0.000028263*** 0.000028270*** 0.000028249*** 0.000028269*** 

 (0.000001115) (0.000001115) (0.000001114) (0.000001114) 

Primary -0.008624446*** -0.008636156*** -0.008616419*** -0.008638583*** 

 (0.001163766) (0.001163092) (0.001163434) (0.001163303) 

Junior high -0.010464633*** -0.010478702*** -0.010451022*** -0.010484045*** 

 (0.001156203) (0.001155019) (0.001155960) (0.001155405) 

Senior high -0.010424835*** -0.010434351*** -0.010426598*** -0.010447399*** 

 (0.001142772) (0.001141906) (0.001142177) (0.001142119) 

University -0.010953167*** -0.010963697*** -0.010952651*** -0.010974026*** 

 (0.001251489) (0.001250485) (0.001250639) (0.001250386) 

Mining -0.000635075 0.000540707 -0.000657806 0.000143547 

 (0.001508064) (0.001597910) (0.001506407) (0.001610539) 

Manufacturing 0.003522929*** 0.003900885*** 0.003515338*** 0.003801777*** 

 (0.000697485) (0.000736700) (0.000696697) (0.000730929) 

Electricity -0.004712172** -0.004176977** -0.004718608** -0.004317232** 

 (0.001971685) (0.002098121) (0.001971386) (0.002072550) 

Construction 0.000313331 0.000741030 0.000351509 0.000651750 

 (0.000854831) (0.000907382) (0.000854579) (0.000904672) 

Wholesale 0.002509837*** 0.002969534*** 0.002490980*** 0.002862700*** 

 (0.000597399) (0.000635515) (0.000597004) (0.000628704) 

Transportation 0.001629521** 0.001782063** 0.001612555** 0.001810576** 

 (0.000761710) (0.000811244) (0.000761131) (0.000800728) 

Finance 0.002305012* 0.002841501** 0.002301956* 0.002804669** 

 (0.001301159) (0.001346478) (0.001300365) (0.001344388) 

Public service 0.001583542** 0.001765411*** 0.001575351** 0.001716556*** 

 (0.000630109) (0.000661308) (0.000629370) (0.000657505) 

No work or other 0.009420980*** 0.009664779*** 0.009412258*** 0.009608418*** 

 (0.000563379) (0.000594791) (0.000562888) (0.000591317) 

Own toilet -0.004838987*** -0.004842066*** -0.004823370*** -0.004837790*** 

 (0.000408692) (0.000408329) (0.000408431) (0.000408281) 

Tap water -0.000939022** -0.000945985** -0.000938771** -0.000943619** 

 (0.000463158) (0.000462793) (0.000462994) (0.000462747) 

Own house -0.002563702*** -0.002559566*** -0.002584532*** -0.002558208*** 

 (0.000398470) (0.000398334) (0.000398478) (0.000399080) 

Observations 979333 979333 980486 979333 

F-test 1
st
 stage 35.19*** 17.42*** 21.02*** 8.86*** 

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

   

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 
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Table B8. Smallholder area and Asthma, Only Sumatra and Kalimantan.  

 OLS IV; PODES IV; RURAL 

INTERACTION 

IV; Only rural 

and agricultural 

hh 

Small holder area 0.000000020 -0.000000041 -0.000000044 -0.000000079 

 (0.000000036) (0.000000069) (0.000000076) (0.000000094) 

Rural 0.003074672*** 0.003084566*** 0.003029029***  

 (0.000715307) (0.000714212) (0.000889944)  

Rural*Small holder 

area 

  0.000000003  

   (0.000000031)  

Mining -0.001218386 -0.001225539 -0.001220138  

 (0.001324690) (0.001316266) (0.001316015)  

Manufacturing 0.003205680*** 0.003208572*** 0.003209514***  

 (0.000748582) (0.000746490) (0.000745695)  

Electricity -0.002814567 -0.002814980 -0.002811938  

 (0.002154333) (0.002145561) (0.002146861)  

Construction -0.000481423 -0.000481972 -0.000480035  

 (0.000671763) (0.000669939) (0.000668976)  

Wholesale 0.002424998*** 0.002428427*** 0.002429485***  

 (0.000540323) (0.000538238) (0.000537624)  

Transportation 0.001195549 0.001198405 0.001199421  

 (0.000781510) (0.000778313) (0.000778796)  

Finance 0.002899505** 0.002896421** 0.002897916**  

 (0.001309631) (0.001304655) (0.001304918)  

Public service 0.001403541*** 0.001402551*** 0.001403144***  

 (0.000523951) (0.000522709) (0.000523351)  

No work or other 0.008234357*** 0.008239356*** 0.008239903***  

 (0.000614013) (0.000611913) (0.000611858)  

Female head -0.004755016*** -0.004756316*** -0.004756118*** -0.004437085*** 

 (0.000434942) (0.000433417) (0.000433371) (0.000653723) 

Age -0.001226956*** -0.001226645*** -0.001226662*** -0.001613059*** 

 (0.000069946) (0.000069771) (0.000069763) (0.000123303) 

Age squared 0.000031205*** 0.000031203*** 0.000031203*** 0.000033685*** 

 (0.000001245) (0.000001242) (0.000001241) (0.000001843) 

Primary -0.014047356*** -0.014046941*** -0.014046691*** -0.009709834*** 

 (0.001495515) (0.001490437) (0.001490185) (0.001464709) 

Junior high -0.016068112*** -0.016063858*** -0.016063305*** -0.012050263*** 

 (0.001498212) (0.001493097) (0.001492708) (0.001530689) 

Senior high -0.016349054*** -0.016344100*** -0.016342670*** -0.011527751*** 

 (0.001513562) (0.001507985) (0.001507191) (0.001570480) 

University -0.016552156*** -0.016551018*** -0.016550144*** -0.012577276*** 

 (0.001533381) (0.001527776) (0.001527226) (0.002418797) 

Own toilet -0.005493188*** -0.005495161*** -0.005496904*** -0.005211642*** 

 (0.000465374) (0.000463078) (0.000462514) (0.000717546) 

Tap water -0.000598459 -0.000590958 -0.000595025 0.002270001* 

 (0.000498541) (0.000496751) (0.000496914) (0.001374484) 

Own house -0.001863619*** -0.001863531*** -0.001863320*** -0.001120312* 

 (0.000338948) (0.000338322) (0.000338323) (0.000643775) 

Observations 1626121 1626121 1626121 448248 
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 OLS IV; PODES IV; RURAL 

INTERACTION 

IV; Only rural 

and agricultural 

hh 

F-test 1
st
 stage  27.05*** 13.56*** 21.67*** 

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

 

 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

 

 

Table B9. Smallholder production and Asthma, Only Sumatra and Kalimantan.  

 OLS IV; PODES IV; RURAL 

INTERACTION 

IV; Only rural 

and agricultural 

hh 

Small holder 

production 

0.000000008 0.000000000 0.000000002 -0.000000001 

 (0.000000012) (0.000000017) (0.000000021) (0.000000015) 

Rural 0.003074155*** 0.003077885*** 0.003145279***  

 (0.000715412) (0.000712869) (0.000839312)  

Rural*Small holder 

production 

  -0.000000002  

   (0.000000011)  

Mining -0.001216361 -0.001220700 -0.001226452  

 (0.001322456) (0.001317289) (0.001318419)  

Manufacturing 0.003202908*** 0.003206605*** 0.003205340***  

 (0.000747975) (0.000746091) (0.000745363)  

Electricity -0.002817337 -0.002814716 -0.002818957  

 (0.002154411) (0.002146499) (0.002147054)  

Construction -0.000482336 -0.000481607 -0.000483884  

 (0.000671738) (0.000669978) (0.000669752)  

Wholesale 0.002423560*** 0.002426105*** 0.002424933***  

 (0.000540521) (0.000538608) (0.000538263)  

Transportation 0.001194494 0.001196471 0.001195300  

 (0.000781710) (0.000778577) (0.000778919)  

Finance 0.002897525** 0.002898493** 0.002896448**  

 (0.001309521) (0.001305412) (0.001305135)  

Public service 0.001402835*** 0.001403216*** 0.001402311***  

 (0.000523991) (0.000522528) (0.000523023)  

No work or other 0.008233109*** 0.008235975*** 0.008235323***  

 (0.000614006) (0.000612109) (0.000612147)  

Female head -0.004754884*** -0.004755438*** -0.004755625*** -0.001717362*** 

 (0.000434897) (0.000433464) (0.000433461) (0.000307836) 

Age -0.001226977*** -0.001226855*** -0.001226834*** -0.001261627*** 

 (0.000069944) (0.000069752) (0.000069749) (0.000059335) 
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 OLS IV; PODES IV; RURAL 

INTERACTION 

IV; Only rural 

and agricultural 

hh 

Age squared 0.000031205*** 0.000031205*** 0.000031204*** 0.000032200*** 

 (0.000001245) (0.000001241) (0.000001241) (0.000001177) 

Primary -0.014049412*** -0.014047232*** -0.014047150*** -0.003307368*** 

 (0.001495263) (0.001490221) (0.001490366) (0.000781611) 

Junior high -0.016070895*** -0.016066744*** -0.016066829*** -0.004176364*** 

 (0.001498135) (0.001492928) (0.001493031) (0.000827832) 

Senior high -0.016352937*** -0.016347465*** -0.016348517*** -0.005002026*** 

 (0.001513503) (0.001507816) (0.001507742) (0.000884140) 

University -0.016554689*** -0.016551799*** -0.016552182*** -0.006324501*** 

 (0.001533243) (0.001527557) (0.001527640) (0.000974550) 

Own toilet -0.005491884*** -0.005493822*** -0.005491423*** -0.005140512*** 

 (0.000465092) (0.000463534) (0.000462840) (0.000412077) 

Tap water -0.000599760 -0.000596028 -0.000590602 -0.001009670** 

 (0.000498318) (0.000495930) (0.000495407) (0.000464416) 

Own house -0.001864760*** -0.001863596*** -0.001864099*** -0.001139526*** 

 (0.000338925) (0.000337962) (0.000338189) (0.000323300) 

Observations 1626121 1626121 1626121 1909058 

F-test 1
st
 stage  29.04*** 14.74*** 29.02*** 

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

 

   

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

 

Table B10. LOG PCE and total area (both the smallholder and large estates) in South 

Kalimantan, West Kalimantan and East Kalimantan. 

 OLS OLS with rural 

interaction 

IV with PODES 

Total oil palm area -0.0000020*** -0.0000022** -0.0000056* 

 (0.0000006) (0.0000009) (0.0000034) 

Rural -0.1263142** -0.1365690** -0.1259623*** 

 (0.0498215) (0.0555756) (0.0486973) 

Rural*Total area  0.0000003  

  (0.0000006)  

HHsize -0.1293680*** -0.1293604*** -0.1292199*** 

 (0.0036585) (0.0036570) (0.0035943) 

Female head -0.0456854*** -0.0455030*** -0.0467916*** 

 (0.0126505) (0.0125729) (0.0125508) 

Age 0.0168557*** 0.0168316*** 0.0168122*** 

 (0.0018564) (0.0018289) (0.0018433) 

Age squared -0.0001311*** -0.0001309*** -0.0001307*** 
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 OLS OLS with rural 

interaction 

IV with PODES 

 (0.0000178) (0.0000175) (0.0000177) 

Primary 0.1088712*** 0.1091015*** 0.1072486*** 

 (0.0161637) (0.0162981) (0.0160453) 

Junior high 0.1954626*** 0.1957466*** 0.1951211*** 

 (0.0213672) (0.0214791) (0.0209121) 

Senior high 0.3484031*** 0.3487842*** 0.3474897*** 

 (0.0276019) (0.0277159) (0.0270840) 

University 0.6325957*** 0.6327806*** 0.6297923*** 

 (0.0412389) (0.0412108) (0.0408856) 

Mining 0.1662904*** 0.1669563*** 0.1595286*** 

 (0.0317328) (0.0316823) (0.0303278) 

Manufacturing 0.1031350*** 0.1033760*** 0.1012303*** 

 (0.0366288) (0.0366490) (0.0363807) 

Electricity 0.2189617*** 0.2196549*** 0.2155188*** 

 (0.0548518) (0.0549007) (0.0523479) 

Construction -0.0275680 -0.0272727 -0.0269923 

 (0.0184777) (0.0182668) (0.0186889) 

Wholesale 0.1914467*** 0.1913603*** 0.1913051*** 

 (0.0156826) (0.0156599) (0.0156351) 

Transportation 0.0626648** 0.0628831** 0.0614907** 

 (0.0237665) (0.0234927) (0.0239892) 

Finance 0.2542562*** 0.2538991*** 0.2507168*** 

 (0.0376945) (0.0378503) (0.0379064) 

Public service 0.0694173*** 0.0694038*** 0.0688657*** 

 (0.0229896) (0.0229944) (0.0230551) 

No work or other 0.0289925 0.0293463 0.0292122 

 (0.0533289) (0.0531296) (0.0519090) 

Employer 0.2685115*** 0.2683816*** 0.2663169*** 

 (0.0200490) (0.0201038) (0.0198826) 

Employee 0.0614309*** 0.0611910*** 0.0620663*** 

 (0.0190252) (0.0186244) (0.0189397) 

Casual worker -0.0220564 -0.0217180 -0.0203821 

 (0.0173498) (0.0174930) (0.0170045) 

Family worker no work 

or other 

0.0378601 0.0372622 0.0377809 

 (0.0538163) (0.0532589) (0.0523642) 

Observations 55090 55090 55090 

F-test 1
st
 stage   1.7 

District fixed effects Yes Yes Yes 

Year fixed effects Yes Yes Yes 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 
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Table B11. LOG PCE and Total production (both smallholder and large estates)  in provinces of West 

and South Kalimantan. 

 

 OLS OLS with Rural 

interaction 

IV with PODES IV with FOREST 

Total production -0.0000005 -0.0000003 0.0000002 -0.0000009*** 

 (0.0000004) (0.0000004) (0.0000008) (0.0000002) 

Rural 0.0091924 0.0277365 0.0089599 0.0091709 

 (0.0323119) (0.0438595) (0.0315942) (0.0314731) 

Rural*Total 

production 

 -0.0000003   

  (0.0000002)   

HHsize -0.1239585*** -0.1239833*** -0.1239962*** -0.1245681*** 

 (0.0042482) (0.0042342) (0.0041618) (0.0044476) 

Female head -0.0599644*** -0.0604821*** -0.0594574*** -0.0673662*** 

 (0.0142453) (0.0143251) (0.0137810) (0.0128172) 

Age 0.0178574*** 0.0179122*** 0.0178119*** 0.0178360*** 

 (0.0017739) (0.0017825) (0.0017147) (0.0018451) 

Age squared -0.0001439*** -0.0001445*** -0.0001435*** -0.0001456*** 

 (0.0000173) (0.0000174) (0.0000167) (0.0000180) 

Primary 0.1004985*** 0.0999229*** 0.1008940*** 0.0943284*** 

 (0.0171174) (0.0168681) (0.0168004) (0.0160724) 

Junior high 0.1913828*** 0.1907794*** 0.1911940*** 0.1817637*** 

 (0.0249996) (0.0247644) (0.0244983) (0.0231956) 

Senior high 0.3264471*** 0.3253270*** 0.3263196*** 0.3079320*** 

 (0.0339586) (0.0337466) (0.0332933) (0.0296634) 

University 0.6034806*** 0.6030720*** 0.6048024*** 0.5690855*** 

 (0.0494398) (0.0493752) (0.0480527) (0.0442896) 

Mining 0.1236771*** 0.1224193*** 0.1266426*** 0.1191479*** 

 (0.0339471) (0.0339442) (0.0341499) (0.0327066) 

Manufacturing 0.0471565*** 0.0461127** 0.0491381*** 0.0508666*** 

 (0.0160762) (0.0164755) (0.0156842) (0.0155762) 

Electricity 0.2617028*** 0.2626459*** 0.2608555*** 0.2852543*** 

 (0.0815040) (0.0816129) (0.0781133) (0.0845650) 

Construction -0.0434877 -0.0445670 -0.0430381* -0.0273162 

 (0.0260989) (0.0263927) (0.0255760) (0.0234650) 

Wholesale 0.2002055*** 0.2003227*** 0.2010022*** 0.2063325*** 

 (0.0204575) (0.0204483) (0.0200766) (0.0199904) 

Transportation 0.0506569 0.0499200 0.0523739* 0.0655187** 

 (0.0308143) (0.0313149) (0.0298464) (0.0296949) 

Finance 0.3199863*** 0.3214097*** 0.3233704*** 0.2734590*** 

 (0.0499883) (0.0492888) (0.0472912) (0.0395723) 

Public service 0.0740076*** 0.0742762*** 0.0752352*** 0.0828813*** 

 (0.0256371) (0.0254246) (0.0247573) (0.0257206) 

No work or other 0.0234208 0.0229606 0.0195916 0.0244299 

 (0.0537249) (0.0535877) (0.0547790) (0.0544948) 

Employer 0.2752101*** 0.2757000*** 0.2760911*** 0.2621828*** 
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 OLS OLS with Rural 

interaction 

IV with PODES IV with FOREST 

 (0.0231976) (0.0230628) (0.0227295) (0.0216784) 

Employee 0.0662046** 0.0664230** 0.0658682*** 0.0761407*** 

 (0.0239191) (0.0241947) (0.0228696) (0.0237513) 

Casual worker -0.0230359 -0.0237151 -0.0247162 -0.0189366 

 (0.0208794) (0.0209102) (0.0198094) (0.0212814) 

Family worker no 

work or other 

0.0597143 0.0607584 0.0639017 0.0541151 

 (0.0559507) (0.0561988) (0.0573437) (0.0559595) 

Observations 39316 39316 39316 37327 

F-test 1
st
 stage   9.94*** 264*** 

District fixed 

effects 

Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

 

Table B12. Asthma. Total area (both the smallholders and large estates) in provinces of West, 

South and East Kalimantan. 

 OLS OLS with rural 

interaction 

IV with PODES 

Total oil palm area 0.0000001** 0.0000001*** 0.0000002* 

 (0.0000000) (0.0000000) (0.0000001) 

Rural 0.0052115*** 0.0079087*** 0.0051056*** 

 (0.0018019) (0.0017870) (0.0017747) 

Rural*Total area  -0.0000001**  

  (0.0000000)  

Female head -0.0026552*** -0.0026740*** -0.0026478*** 

 (0.0009706) (0.0009690) (0.0009555) 

Age -0.0012280*** -0.0012275*** -0.0012282*** 

 (0.0001506) (0.0001507) (0.0001485) 

Age squared 0.0000324*** 0.0000324*** 0.0000324*** 

 (0.0000028) (0.0000028) (0.0000028) 

Primary -0.0143232*** -0.0143667*** -0.0142750*** 

 (0.0022957) (0.0022926) (0.0022715) 

Junior high -0.0156396*** -0.0156942*** -0.0156052*** 

 (0.0021423) (0.0021388) (0.0021192) 

Senior high -0.0156925*** -0.0157587*** -0.0156636*** 

 (0.0023061) (0.0023062) (0.0022833) 

University -0.0186908*** -0.0186936*** -0.0186445*** 

 (0.0022289) (0.0022316) (0.0022082) 

Mining -0.0007793 -0.0008928 -0.0007018 

 (0.0024539) (0.0024498) (0.0023860) 

Manufacturing 0.0011964 0.0011381 0.0012812 
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 OLS OLS with rural 

interaction 

IV with PODES 

 (0.0023102) (0.0022920) (0.0022882) 

Electricity 0.0009799 0.0008157 0.0012224 

 (0.0076703) (0.0076990) (0.0075228) 

Construction 0.0040483** 0.0039597** 0.0040454** 

 (0.0018691) (0.0018607) (0.0018444) 

Wholesale 0.0021976 0.0021723 0.0022230 

 (0.0014255) (0.0014119) (0.0014072) 

Transportation -0.0002577 -0.0003244 -0.0001844 

 (0.0024487) (0.0024521) (0.0024282) 

Finance 0.0001397 0.0001331 0.0001483 

 (0.0033101) (0.0033034) (0.0032369) 

Public service 0.0014051 0.0013583 0.0014445 

 (0.0016000) (0.0016100) (0.0015697) 

No work or other 0.0073377*** 0.0073183*** 0.0073507*** 

 (0.0015182) (0.0015187) (0.0014899) 

Own toilet -0.0058545*** -0.0059358*** -0.0058699*** 

 (0.0009236) (0.0009175) (0.0009100) 

Tap water 0.0005998 0.0006184 0.0005215 

 (0.0009957) (0.0009759) (0.0009564) 

Own house -0.0018034** -0.0017750** -0.0018233** 

 (0.0008479) (0.0008378) (0.0008255) 

Observations 253186 253186 253186 

F-test 1
st
 stage   2.84 

District fixed effects Yes Yes Yes 

Year fixed effects Yes Yes Yes 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.01 

 

 

Table B13. Asthma and total production in provinces of West and South Kalimantan (in IV regressions 

historical values from PODES as instruments) 

 OLS; Production IV; PODES IV, Rural 

Interaction 

IV, Industry 

Interaction 

Total production 0.000000037** 0.000000065* 0.000000093*** 0.000000067* 

 (0.000000014) (0.000000036) (0.000000035) (0.000000037) 

Rural 0.005348903** 0.005313694** 0.007912051*** 0.005231538** 

 (0.002354121) (0.002294480) (0.002144422) (0.002301906) 

Rural     

     

Rural*Total 

production 

  -0.000000034*  

   (0.000000018)  

Mining*Total    -0.000000013 
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 OLS; Production IV; PODES IV, Rural 

Interaction 

IV, Industry 

Interaction 

production 

    (0.000000026) 

Manufacturing*Total 

production 

   -0.000000014 

    (0.000000022) 

Electricity*Total 

production 

   0.000000016 

    (0.000000031) 

Construction*Total 

production 

   0.000000016 

    (0.000000023) 

Wholesale*Total 

production 

   -0.000000009 

    (0.000000012) 

Transportation*Total 

production 

   -0.000000027 

    (0.000000027) 

Finance*Total 

production 

   -0.000000011 

    (0.000000022) 

Public service*Total 

production 

   -0.000000021 

    (0.000000013) 

Other*Total 

production 

   0.000000005 

    (0.000000006) 

Female head -0.003134116** -0.003135239** -0.003160857*** -0.003137998** 

 (0.001258625) (0.001228540) (0.001225589) (0.001226496) 

Age -0.001105053*** -0.001104553*** -0.001103022*** -0.001106003*** 

 (0.000187515) (0.000183018) (0.000183202) (0.000183190) 

Age squared 0.000031564*** 0.000031560*** 0.000031539*** 0.000031586*** 

 (0.000003499) (0.000003415) (0.000003417) (0.000003418) 

Primary -0.014107580*** -0.014108947*** -0.014159503*** -0.014080517*** 

 (0.002614771) (0.002552228) (0.002550633) (0.002550112) 

Junior high -0.014223365*** -0.014231012*** -0.014291384*** -0.014179873*** 

 (0.002414266) (0.002358033) (0.002355551) (0.002347840) 

Senior high -0.014448731*** -0.014451907*** -0.014546759*** -0.014403052*** 

 (0.002704005) (0.002641067) (0.002645664) (0.002639659) 

University -0.017904215*** -0.017878205*** -0.017866169*** -0.017859576*** 

 (0.002501342) (0.002452510) (0.002452750) (0.002440994) 

Mining -0.000573269 -0.000533051 -0.000605231 0.000503174 

 (0.003298894) (0.003187207) (0.003166836) (0.004130029) 

Manufacturing 0.002996756 0.003038722 0.002956856 0.003618270 

 (0.002859516) (0.002775472) (0.002752704) (0.003117565) 

Electricity -0.011084366** -0.011130590*** -0.011185348*** -0.012122926*** 

 (0.004323423) (0.004226048) (0.004251851) (0.003111502) 

Construction 0.004999340* 0.005018588** 0.004922102** 0.004225713 

 (0.002454277) (0.002397774) (0.002390337) (0.003187626) 
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 OLS; Production IV; PODES IV, Rural 

Interaction 

IV, Industry 

Interaction 

Wholesale 0.001730883 0.001746877 0.001745920 0.002155950 

 (0.001882626) (0.001835258) (0.001807732) (0.002264449) 

Transportation -0.000989540 -0.000950562 -0.001034496 0.000575438 

 (0.003694036) (0.003613474) (0.003600417) (0.004681636) 

Finance -0.001733726 -0.001701216 -0.001641720 -0.001210993 

 (0.003502584) (0.003413874) (0.003404451) (0.003914658) 

Public service 0.001458099 0.001476586 0.001472026 0.002495697 

 (0.002119506) (0.002065576) (0.002050896) (0.002305188) 

No work or other 0.008101306*** 0.008121155*** 0.008121609*** 0.007766642*** 

 (0.001877618) (0.001824163) (0.001814970) (0.002052400) 

Own toilet -0.005766981*** -0.005778147*** -0.005856752*** -0.005754003*** 

 (0.001062173) (0.001032539) (0.001029102) (0.001035844) 

Tap water 0.001799518 0.001752617 0.001745329 0.001747041 

 (0.001419306) (0.001395643) (0.001339721) (0.001398087) 

Own house -0.001953436 -0.001965912 -0.001912506 -0.001986455 

 (0.001290273) (0.001256936) (0.001233227) (0.001252444) 

Observations 177814 177814 177814 177814 

F test 1st stage  7.94**   

District fixed effects Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

Robust standard errors in parenthesis 

In education the reference category is no education, in industry the reference category is agriculture and 

in work type the reference category is self employed 

* p<0.1, ** p<0.05, *** p<0.0 


