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Preface
This thesis is part of the examination of the Master of Environmental Sciences at the Wageningen
University and Research in The Netherlands. For this thesis fieldwork was conducted in the Kapuas
district in Central Kalimantan, Indonesia in November and December of 2016. This area was affected
heavily by the large fires that took place in 2015 and had effects in the whole of Southeast Asia. This
fire and the additional haze had many impacts on the local society and environment. I have always
been interested in the interactions between societies and their environment, in particular in rural
communities. When I heard, during the preparational phase of my thesis, that the haze might have
caused a reduction in the production of some fruits this immediately captured my interest. After doing
some research I found that there was not much known about the direct effects of the fire and haze on
plant production and agriculture. Therefore, I decided to investigate more on these effects while also
taking into account the experiences of local farmers.
During the fieldwork in Indonesia, I learned many things about the local culture, their agricultural
practices and the relation of the people with their environment. Going to the villages and visiting the
farmers on their field was an enjoyable and informative to collect the data for the research and to be
able to grasp the experiences and stories of the farmers on first hand. Back in the Netherlands, I
experienced some difficulties but in the end I was able to process and analyse the data and
subsequently, present this thesis.
For this, I also would like to thank my supervisor prof. dr. Hein who presented me the opportunity to
work on this topic, helped me to get started with the fieldwork and gave me feedback during the
writing process. Furthermore, I would like to thank prof. dr. Meine van Noordwijk, who introduced me
to the topic, received me at the World Agroforestry Centre in Bogor, and helped me preparing and
evaluating the fieldwork. In addition I also need to thank Dr. Suwarno and Mrs. Uda who helped me to
get settled in Kalimantan. Mr. Bayu Nughoro was key for the fieldwork, without him and the help from
the Kesatuan Pengelolaan Hutan Lindung (KPHL) Model Kapuas I would not have been able to visit so
many farmers and to collect so much information. Lastly, I would like to thank Louise Houweling with
whom I travelled to Indonesia and stayed with in Kapuas for her pleasant company and
encouragement.
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Summary
The fires and the additional haze of 2015 have had many societal and environmental impacts in
Indonesia and other parts of Southeast Asia. The effects of fire and haze are complex and can occur
many forms; direct or indirect, on a short term or on a long term. This complexity makes it hard to
attribute and quantify the exact extent of the effects of fire and haze. One field were the
environmental and societal effects of the fire and haze can be noted is agriculture.
This research aims to identify the variety and the extent in which fire and haze impact
agricultural productivity, focussing on Indonesia after the fires of 2015. For this, several things were
studied. First of all, with a survey among 103 farmers in the Kapuas district, Central Kalimantan,
Indonesia, the experiences of the farmers with fire and haze were studied. The results show that the
farmers experienced a wide variety of effects. The fire and haze had a mainly negative impacts on the
quality and quantity of the harvests, also the state of the plants was affected. In addition to this,
acidification of the soil and an increase in pests were noted by the farmers. All these effects have had
influence on their economic situation. Lastly, the farmers expressed that they have suffered from a
variety of health impacts due to the haze, mainly respiratory problems.
To identify knowledge gaps between the knowledge of the farmers and what is known in
scientific literature, a literature review was done on the topics introduced by the farmers. Here it was
found that most theories of farmers align with what was proposed by them. Studies have found that
haze can disrupt plant growth, cause leaf necrosis and even can have an influence on the taste of fruits.
Furthermore, it was found that haze causes acidification of the soil. Also, the economic and health
effects for the farmers align with what other reports have written on the impacts of fire and haze.
In addition to the perceptions of the farmers and the literature review, this research studied
the relationship of the distribution of fire and agricultural productivity for the whole of Indonesia. To
calculate the distribution of fire this research made use of MODIS remote sensing data on thermal
anomalies. With this it was possible to locate the presence of the fire in the period of June to November
2015. This distribution of fire was correlated to the change of productivity per province for 21 different
crops. This showed a weak positive relationship between the productivity of cassava and a weak
negative relation for coconuts. Furthermore, to look at the effects of haze, for the island of Sumatra
also the relationship between PM2.5 concentrations and a change in agricultural productivity were
studied. This resulted in a negative relation for peanuts and haze a positive relationship for papayas.
Where the farmers and the literature aligned on the effects of fire and haze on agriculture,
this could not be noted in clearly in the relationship of the distribution of fire and agricultural
productivity. This could mean that the effect of the haze was to small and was nullified by other factors,
such as innovation. However, since this research was of an exploratory nature, it is considered that
more research is needed to be more certain of the exact extent of the effects. In particular the
physiological effects on plants of long-term exposure of haze should be studied.
Finally, it can be concluded that effects of haze and fire are perceived on a local level, by the
loss of burnt crops, a decline in quality and quality of harvests, a reduction in soil quality and health
issues. This all does affect the farmers economically as well. On a national level there were no clear
indications for a negative relationship between fire and productivity. However, since both farmers and
literature indicate that there are effects this needs to be further investigated.
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1. Introduction
1.1 Fires in Indonesia
Indonesia was seriously affected by forest fires and the associated haze during the period from late
June until the end of October in 2015. The problems with the fire were not only retained to Indonesia,
but acted on the whole of Southeast Asia. The smoke from the fire had huge effects on the daily life in
the region. The haze made six Indonesian provinces declare the state of emergency (Oktama, 2015)
and schools were closed in Singapore and Malaysia, affecting millions of students. In addition, the
smoke affected the physical well-being of many inhabitants in these areas (Heng, 2015, Er & Kit, 2015).
It was not the first time that fires in Indonesia paralyzed South-East Asia, as in 1994 and 1995 Indonesia
received complaints from Singapore and Malaysia regarding smoke and haze blowing from the
Indonesian archipelago. This led to a ban of the practice of clearing land with fire by the Indonesian
Ministry of Forestry (Gellert, 1998). However, it were the fires of 1997 and 1998 that led to global
attention of the problem covering parts of Indonesia, Malaysia, Singapore, Brunei and the Philippines
in thick haze and leading to a renewal of the ban on burning forests (Ketterings et al., 1999, Tacconi,
2003, Page et al., 2009). In the same fashion, the major fire episode of 2006 heavily decreased the air
quality in large parts of South East Asia (Field et al., 2006).
Fires are not new to Indonesia. Although fires were rare events prior to human induced modification.
There are indications that the frequency of fires increased starting some 1400 years ago, leading to
suggest that with augmented human activities also the disturbance of the forest expanded
(Goldammer, 1991). Slash-and-burn agriculture has been used in Indonesia for countless generations,
although only on a small scale (Hillel, 1992, Langner et al., 2007, Spessa et al., 2015). It is a preferred
method for land clearing as it is cheap and easy to carry out. In addition to this, it decreases regrowth
of weeds, reduces pests, eliminates field debris, it provides ash as fertilizer and it loosens the soil to
make planting easier (Tomich et al, 1998). In Indonesia larger fires started to appear after the 1960s
and started to intensify after the 1990s. Transmigration from the islands of Java and Bali to Borneo
and Sumatra, and development projects accelerated the agricultural expansion, the extension of
infrastructure and wood extraction, and therefore the rate of deforestation (Langner et al., 2007). One
of the most recent projects was the Mega Rice Project, initiated in 1996. The objective of the project
was to convert millions of hectares of peat swamp forest into paddy rice fields, through peat drainage,
salvage logging and promoting the transmigration. In the province of Central Kalimantan the goal was
to convert 1 million hectares of peat land. However, due to poor judgement of the topography and the
peatland hydrology, the peat land was over-drained, resulting in adverse effects for the area, especially
for rice farming, and the Mega Rice Project was declared to be a “mega disaster” (Putra et al., 2008,
Suyanto et al., 2009). Large parts that once were covered by peat swam forest were now covered by a
fire prone fern dominated vegetation (Page et al., 2009). Another reason for the increased risk of fire
is the required drainage for plantation crops as oil palms and acacia (Page et al., 2009). In addition to
this, there is an increase of, legal and illegal, logging and land conversion into oil palm plantations (Page
et al., 2009, Richardson, 2010). Satellite data showed that 80% of the fires in 1997 in Kalimantan and
Sumatra were started for this reason contributing to the 5 millions of hectares that were burnt that
year (Richardson, 2010).
Fires covering large parts of the country are exceptional and several studies have shown a relation
between severe droughts, related to strong El Niño events, and large fires (Quinn et al., 1978, Field et
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al., 2009, Page et al., 2009, Spessa et al., 2015). Only during conditions of extreme drought does the
fire have the chance to become more intense and to spread quickly (Field et al., 2009, Abood et al.,
2015). Combining a strong El Niño event with slash-and-burn practices and a soil of dried peat, make
Central Kalimantan, and well as other areas on Kalimantan and Sumatra, prone to widespread peat
fires (Putra et al., 2008).

1.2 problems of fire and haze
Fire and haze create a wide array of problems for societies and the environment. A large fire event has
impacts on the economy, from medical costs to the loss of timber and an increase of erosion.
Nevertheless, the economic costs have not been quantified well due to a lack of data and the
complexity of the problems that occur (Cochrane, 2009). According to Glover (2006) the impacts of the
fire can be categorised into four categories:
(I)
(II)

(III)
(IV)

Direct impacts, immediate damage caused by the flames, such as loss of vegetation and
crops;
Short-term indirect impacts that are resulting from damage to vegetation such as food
scarcity, accelerated erosion and a loss of income, as well as the impacts of haze and
smoke on the society by disrupting economic activities as tourism and transportation, the
emission of greenhouse gasses and causing health issues;
Indirect long-term impacts are problems that are harder to link to the fires and refer to
long-term human health effects and changes in the ecosystems that are caused by the fire;
and Cumulative impacts are long-term ecological changes that appear after a series of
large fires that occur within a relative short period.

Glover (2006) calculated that only for the short-term effects of the fire and haze of 1997 added up to
4 billion USD, of which 1 billion was attributed to the haze effects and 3 billion to the fires. The World
Bank (2016) estimated that the fires and haze of 2015 did cost 16.1 billion USD, equivalent of 1,9% of
Indonesia’s GDP in 2015 and more than twice the costs of the reconstruction after the Tsunami that
hit Aceh in 2004. During these fires millions of people were affected by the haze and many sectors of
the economy were negatively affected. For example, a reduction in the oil production was observed
due to worker illness and the tourism sector suffered because of the larger number of cancelled flights
(Tacconi, 2016).
1.2.1 Societal health problems
Societies suffer directly through deaths caused by the fires, yet most health impacts are indirect
through the inhalation of smoke (Cochrane, 2009). The negative health impacts of haze and smoke
have already been described extensively (Mott et al., 2002, Moore et al., 2006, Naeher et al., 2007,
Kochi et al., 2010, Kochi et al., 2012). Wood smoke has been and is sometimes still being perceived as
natural and therefore less dangerous or hazardous than other sources of smoke, such as fossil fuel
combustion (Naeher et al., 2007). Nevertheless, also wood smoke can cause a variety of respiratory
problems, ranging from being short of breath, to pain in the chest, and bronchitis with acute
exacerbation, all of which are especially dangerous for elderly people and people with asthma (Kunii
et al., 2002, Naeher et al., 2007). Communities that are exposed to elevated PM10 levels due to wild
fires have higher numbers of hospital visits for pneumonia, COPD, myocardial infarctions, and heart
failure, even after adjustments for individual risks, such as smoking (Tan et al., 2000). Moreover, the
wildfire-smoke can even lead to an excess in deaths by cardiorespiratory problems (Kochi et al.,2012).
3

According to Koplitz et al. (2016), the haze of 2015 caused around 100.000 premature deaths in
Indonesia, Malaysia and Singapore. In spite of the clear and abundant evidence for the negative health
impacts of haze, the Indonesian National Disaster Management Agency (BNPB) only reported 24
casualties of the 2015 fires, of whom 12 died from respiratory problems. According to the BNPB the
data used by Koplitz et al. (2016) was not valid as they would have found high numbers of casualties it
would have visible in the daily press releases that the BNPB held during the period of fires (Topsfield,
2016). The low number of casualties due to the haze reported by the BNPB is almost the opposite of
the results found by the group of Harvard and Columbia University researchers of Koplitz et al. (2016).
This is not the only critique on the study of Koplitz et al. (2016). For the study they used remote sensing
data from MODIS satellites comparing it only to observed concentrations in Singapore. Furthermore,
the population density was not taken into account, nor the local variability of the intensity of the haze.
These local differences are substantial for the final results. For example, if a large city is suffering from
extreme high PM values due to fires, number of casualties would most probably depend also on the
distance between the city and the fire (Moeltner et al., 2013). This debate also illustrates that the
methods to assess the effects of fire and haze are still discussed and that there is no clear consensus
yet.
1.2.2 Environmental problems
The environment is impacted by the fire in many ways; on a local to a global scale, direct and indirect,
and immediate and delayed (Cochrane, 2009). According to Tacconi et al. (2007) the main problems
related with the fires can be divided into two groups:
(I)
(II)

Smoke haze pollution, including carbon emissions, and related impacts; and
Forest degradation and deforestation, including the loss of products and services,
including timber, non-timber forest products, biodiversity, soil erosion, and flood control.

These effects on the environment can have an influence on agriculture as well. Fire can destroy or
damage plantations and agricultural fields directly by burning it. According to the World Bank (2016)
346,039 hectares of food crops were destroyed by the fire in Indonesia in 2015. But there are also
indirect effects of the haze on plants and crops. Atmospheric haze from faraway fires decreases the
solar radiance in different spectra (Bailey et al., 1989). The increase of frequency and intensity of haze
may reduce the photosynthetic photon flux density (PFD) (Yanhong et al., 1996). In 1997, the smoke
emitted by the fires on Sumatra and Kalimantan strongly reduced the photosynthetically active
radiation (PAR) (Kobayashi et al., 2004). The lower PAR resulted in a decrease in photosynthesis,
lowering the carbon uptake of plants (Yanhong et al., 1996, Davies & Unam, 1999) and moreover
resulting in a heavily reduced net primary production (NPP) (Kobayashi et al., 2005). Kobayashi et al.
(2005) estimated that the smoke caused by the fires of 1997 reduced the annual NPP of South-East
Asia with 3,5%, what is almost the same as 3,5% less plant growth. Chameides et al. (2000) found that
regional haze in China is lowering the optimal yields of 70% of wheat and rice crops by 5-30%. Besides
lowering the NPP, the smoke also causes the fruit producing species to stop or drastically lower their
fruit production, leading to a decline in fruit eating bird species in the affected areas (Sanaiotti &
Magnusson, 1995, Kinnaird & O’Brien, 1998, Anggraini et al., 2000). Although the impacts of the haze
on agriculture can be vast, as shown by Chameides et al. (2000) and Kobayashi et al. (2005), there is
not much published about this topic compared to the available data on the effects of haze on health.
However, there is a demand for more knowledge about these effects on agriculture, for the
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productivity and for the livelihood of the farmers. There have been indications that fruit production of
durian and oil palms have been lower in periods after large fires (Harrison et al., 2013). More
information on this is essential, since the pressure on agricultural land is rising (Smith, 2013).

1.3 Research objective and questions
The aim of this research is to identify the variety and extent in which fire and haze impact agricultural
productivity, focussing on Indonesia after the fires of 2015. For this the following research questions
were developed. The main research question is:
How did the fire and haze of 2015 affect the agricultural sector in Indonesia?
To answer this, the following sub questions were formulated:
I.

How did the farmers in Central Kalimantan perceive the effects of the fire and haze?

II.

How do the perceptions of the farmers relate to the literature on respective topics?

III.

To what extent can the effects of the haze of 2015 be noted in the harvests of different
crops across Indonesia of that year?

With these questions it is possible to gather a holistic image of the problem and its consequences.
First of all, with the first research question regarding the perceptions of the farmers an assessment of
the variety of effects of the fire on local agriculture can be made. They are supposed to observe the
effects first and have knowledge on the state of their fields and crops in non-haze years. The data on
the farmers perceptions will originate from a survey held under 103 farmers in November and
December of 2016 in the Kapuas district in Central Kalimantan. My study will take into account the
effects of the fire and haze on the farmers environmental, economic and sanitary situation. The
perceived effects are analysed and related to literature on the respective topics. The use of local
ecological knowledge can attribute to the ’scientific’ knowledge of the fire related problems and vice
versa. Local ecological knowledge is based on accumulation of empiric information, by trial-and-error,
and passed on to future generations, and has been encoded in rituals and in the cultural practices of
everyday life (Berkes et al., 2000). Combining local ecological knowledge with scientific knowledge
provides a great potential to cope with resource and ecosystem management, including understanding
climate change and managing fisheries, landscape dynamics and biodiversity (Folke et al., 2005).
Secondly, regarding the second sub question, by linking these effects to existing literature it becomes
possible to check if the by the farmers attributed effects can be backed up by scientific literature or
not. Relating the perceived impacts to the literature knowledge will bring to light knowledge gaps for
the scientific world as well as show wrongly assumed impacts by the farmers. This is important for
farmers, because they can look into the real causes and start adapting and mitigating to those in the
future. However it is unlikely that the farmers will read this thesis themselves, this information could
be useful for institutes and organizations working with these farmers. In addition to this, these
knowledge gaps will provide researchers with information on the relevance and importance of some
areas of investigation.
Finally, for the third sub question, by looking at the harvest on a national scale it is possible to see how
the haze has affected the harvests of a variety of crops in different provinces where the intensity of
the fires has been different. Remote sensing data from MODIS satellites enables the assessment of the
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intensity of the fires for different provinces. Combining this with the data on the harvest of a variety
of crops and crop types across Indonesia it is possible to investigate the correlation between the haze
and the productivity.
In the next chapter the methodology for this research is be presented. Herein the methods of data
collection are described as well as the methods for the data analysis. After this the results of the survey
will be presented. Firstly, chapter 3 presents the results of the surveys with the farmers and the variety
of effects of the haze that they have encountered. In chapter 4 elaborates on the results of chapter 3
and investigate them and compare them to existing literature on the respective topics that the farmers
came up with. The probability of the farmers theories are conferred and knowledge gaps in science
are pointed out. Subsequently, chapter 5 investigates if there is a relation between the fire and haze
and the productivity of several crops. In the discussion (chapter 6) the results and analysis are
interpreted and the stronger and weak points of this research are pointed out. Finally, in chapter 7 the
conclusion are presented by reviewing the main results and proposing final recommendations.
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2. Methodology
In this chapter the research methods of this study will be described and discussed. To answer all
research questions different methods of data collection and analysis have been used. For the first sub
question regarding the perception of the effects by the farmers fieldwork was conducted in the Kapuas
district. The methods for the data collection during the field work and the analysis afterwards will be
conferred in the next paragraphs. Next, the methods used to answer the second research question
concerning the reflection of the farmers perceptions in the existing literature are explained. Lastly, the
data collection to answer the third research question followed by an explanation on what methods
were used to analyse that data are described.

2.1 Fieldwork and farmers perceptions
To answer the first research question ‘How have the farmers in Central Kalimantan perceived the
effects of the fire and haze?’ a survey was conducted among 103 farmers in the Kapuas district in
Central Kalimantan and in addition conversations and interviews were held with experts. The next
paragraphs describe the process of sample sites selection, respondents selection procedure and how
the survey was composed and conducted. In addition, the additional conversations and interviews are
discussed. Lastly, the data analysis method is provided.
2.1.1 The selection of the sample sites
The fieldwork was conducted between the 1st of November and the 13th of December of 2016. During
this period, I stayed at the World Agroforestry Centre in Bogor (West Java), and in Kuala Kapuas
(Central Kalimantan). During the first week of my stay I got the chance to discuss the questionnaire
and to get more information about the context of Central Kalimantan with the experts of the World
Agroforestry Centre stationed here (Dr. Meine van Noordwijk, Mr. Adrian Dwiputra, Mr. Gerhard
Manurung). Based on the retrieved information several villages whit different types of agriculture were
selected to see if the smoke affected some type of plants more than others.
The selected specializations were fruit cultivators, paddy rice farmers and small-scale palm oil farmers.
The fruit cultivators were selected since many fruit species are grow from flowers and often are also
dependent of pollinators, such as bats and honey bees (Goebel, 1988, Bumrungsri et al., 2009,
Shivaramu et al., 2013).
Paddy rice and palm oil were chosen for the reason that those are two of the most important
agricultural products of Indonesia (GBG Indonesia, 2017, Indonesia Investments, 2017). Furthermore,
is paddy rice a self-pollinating plant (IRRI, 2013) and important component of the Indonesian diet. In
2012 Indonesia was the third largest rice producer in the world while at the same time being the
seventh largest rice importer (USDA, 2012). The rice production is also under pressure due to low
productivity, a decreasing area of paddy fields due to conversion to more profitable crops or
urbanisation and harvest failures related to climate change and bad water management (Vel et al.,
2016). Oil palms can be pollinated by both insects and wind (Goebel, 1988).
The production of palm oil was also chosen because of the controversy about the impacts on the
environment and the social relations with the local communities (Lee et al., 2014). Moreover, the fires
in Kalimantan are often related to the conversion of forest into oil palm plantations (Fitzherbert et al.,
2008, Richardson, 2010). Smallholders were chosen specifically because they were expected to be
more approachable than large private estates. In addition to this, since the smallholders represent 44%
7

of the area of oil palm cultivation in Indonesia (World Bank, 2011) they seemed relevant for this
research.
From the 8th of November on I stayed in Kuala Kapuas where I was welcomed by the Kesatuan
Pengelolaan Hutan Lindung (KPHL) Model Kapuas (Protected Forest Management Unit) lead by Mr.
Bayu Nughoro. With the help of the KPHL I selected the villages where the surveys would be held. All
the villages had to be within the Kapuas district and had not to be further than one-hour travel.
For the horticulture village, Basarang was chosen as the village specialized in fruits. This village is
located west of Kuala Kapuas (see figure 1). This area is famous in the region for their production of
fruits, in particular pineapples and rambutan. Most of the farmers in this village were second
generation Balinese immigrants, although there were also some native Dayak farmers. The village itself
was spread out along a road next to a canal and most of the farmers had their house located along this
road. Between the canal and the house and around the house mostly fruit trees and pineapple plants
were grown. Behind the house in many cases there was a small plantation of rubber trees. Behind this
there was an area were rice, vegetables and more fruits were cultivated. Some farmers also owned
land in areas that were not connected to their house.
For the place specialized in paddy rice Anjir was chosen. This village is situated to the east of Kuala
Kapuas (see figure 1). The farmers here cultivate mainly paddy, however often they had some banana
or palm oil trees growing in their rice fields or at the edges. Some even had some land with rubber or
fruit trees. The farmers mostly lived in the village and had to travel every day to their farmland outside
the village. Most of the farmers were of Dayak origin.
Palingkau was the village with the oil palm smallholders. Located north to Kuala Kapuas (see figure 1),
the village was spread out in a raster of canals and small roads. The houses were situated along these
roads and behind it were the plantations with oil palms and in some cases rubber or fruit trees. Some
farmers also had some land outside the village where they were cultivating paddy, fruits, or more oil
palms. In Palingkau lived a mix of local Dayak people and migrants from other parts of Indonesia such
as Java.
The last village visited was not planned. However, since I got the chance to go there, I thought it would
be an interesting addition to the research since in this village the farmers are involved in silviculture.
The village of Katimpun is located approximately 60 kilometres upstream the Kapuas river from Kuala
Kapuas (see figure 1). The village occupies the western riverbank for a few kilometres. In this village
where the most people are from Dayak descent, most of the farmers had their Sengon and Rubber
tree plantation. Sengon is a fast-growing tree and its wood can be used as timber material (Hartati et
al., 2010). The tree plantations are mostly outside the village and are mostly reached by boat or canoe.
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Figure 1. Map of the location of the selected villages (source: adaptation of Google Earth).

2.1.2 The selection of the respondents
The next step was the selection of respondents for the survey of this study. For the validity of the
research the selection of the respondents of the survey (appendix A) is most important. The goal for
the sample size of the survey was set on 100 respondents, about 33 for each of the initial three selected
agricultural practices (horticulture, paddy rice and oil palm plantations). Later this was changed to 30
respondents per village since, there were 10 respondents in Katimpun. In the end I got a total of 103
respondents distributed among the villages according to table 1. With this number it was thought that
the results of the survey would be representative and have a sufficient external validity. Another factor
that was taken into account for the number of respondents was the limited time and means there
were to carry out the research. Considering the time it would take to get in touch with the farmers,
the travel to the villages and the time it would take to finish one questionnaire.
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Village

Number of
Respondents

Anjir

32

Basarang

31

Palingkau

30

Katimpun

10

Total

103

Table 1. distribution of the respondents among the villages

The respondents were selected by the means of convenience sampling and snowball sampling. A
convenience sample is “one that is simply available to the researcher by the virtue of its accessibility”
(Bryman, 2008, p. 183). To get in contact with the people in the villages and to get permission to
conduct a survey I was dependent on the contacts of the people of the KPHL office. Once I was in the
villages the respondents were selected in two different ways. Sometimes the contact person in the
villages already knew of some farmers that were willing to fill in the questionnaire and took me to their
places. This can also be considered as snowball sampling. In other occasions I was free to walk around
the villages and ask anyone that was at home or that I saw on the streets if they were farmers and if
they were willing to participate in the survey.
2.1.3 Conducting the surveys
As my knowledge of the Indonesian language was limited, I was dependent on the help and the
translating capacities of the employees of the KPHL to conduct the surveys. Every time someone of the
KPHL went to the villages with me for the first time, I explained them the questionnaire and what
answers I was looking for. The surveys were always conducted in the villages, most of the times in the
house of the respondent. In a few cases the respondent was visiting another farmer that was being
interviewed and was also willing to participate.
At the start of the survey (appendix A) I always introduced myself and the people of the KPHL and
explained the (possible) respondents what the purpose was of the questionnaire and what I would
need from them. Once that they agreed the survey could start. The survey consisted of ten questions
and would take generally more or less 30 minutes. The first two questions concerned the size of their
land and the crops that they were cultivating. The next five questions had to do with the fire and haze
and their perceived effect on the plants. The eighth question was concerning the source of the
information and knowledge they had about the fire and haze. This question had some problems at is
was sometimes wrongly translated to a question like: have there been organizations to lecture you
about the fire. The last two questions referred to the health impacts of the haze on the respondent
and on the people in his or her surroundings. Subsequently, the respondent was asked if he or she had
something else to comment about the haze or smoke. After this, the interview was over and the
respondent was thanked for his participation. As mentioned before my knowledge of the Indonesian
language was limited, and most of the people of the KPHL could not directly translate the answers into
English. Therefore, I could not always check if the answers of the respondents were complete or ask
follow up questions. The implications of this will be further discussed in the limitations chapter.
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2.1.4 Interviews and important conversations
During the fieldwork I did not only gather information in the form of the questionnaire. I also got the
opportunity to meet a lot of local and international experts in different fields of expertise.
As mentioned before, the meetings with experts at the World Forestry Centre in Bogor were critical in
for the preparation phase of this thesis. As well as the discussions I had with my supervisor, Lars Hein,
before and during the fieldwork.
Once in Kapuas, I conducted some interviews with people from different institutes and offices in the
area. These meetings were most of the time planned although sometimes on a very short notice. To
retrieve more information about the agricultural sector in the Kapuas region, an interview with the
local agricultural office (Dinas Pertanian Kabupaten Kapuas) was arranged, where I spoke to Ibu Erma
and Pak Sumadi. The local statistical office of the Kapuas district (Badan Pusat Statistik Kabupaten
Kapuas) was also really helpful and provided me with the necessary statistical information of the
region.
During my stay in Kapuas I got the chance to visit the Tuanan Orangutan Research Project of the Borneo
Orangutan Survival Foundation where I could speak to Pak Rahmat, a local expert of the forest. He
explained me of many interesting facts of the forest that were useful to better understand the bigger
picture of this problem. Additionally, he provided me with information where I could find more
published research about the phenological data they were keeping track of at the Tuanan Orangutan
Research Project.
Lastly, I got the opportunity to go to Banjarbaru and visit the Banjarbaru Environment & Forestry
Research Development Institute. Here, Pak Sudin, a researcher at this institute, was able to share his
knowledge regarding the forest fires with me. Since most of these meetings were of a more casual and
spontaneous kind of setting there are no transcripts of these meetings, only notes that I took during
the conversations.
2.1.5 Analysis of the surveys
Before analysing the surveys they were translated from Bahasa Indonesia to English. With Despite the
my basic understanding of Bahasa Indonesia, I was able to translate most of the surveys by myself.
Google Translate was used in case of any unknown words/phrases. If I still did not understand what
the respondent meant I asked native Indonesians what it meant.
The translations of the survey were directly inserted in an excel file. By means of excel I was able to do
calculations of percentages and frequencies, make graphs and tables and to do t-tests. The calculation
of percentages and frequencies was mainly done for the general data in order to get an overview of
how the questions were answered. In the results chapter I gave a general description of the reactions
and I highlighted interesting comments made by the farmers. The graphs and tables were made to
make data easier to understand, as well as to help to see differences or similarities in the answers. The
t-tests were done in the analysis phase of the research to check the significance of the results. The
results of these analysis and other results of the questionnaires are presented in chapter 3.

2.2 Farmers perceived effects in the literature
In order to answer the second research question ‘How do the perceptions of the farmers relate to the
literature on respective topics?’ I conducted a literature review on several topics. These topics came
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up as a result of the answers of the farmers in the questionnaires. In addition to the topics presented
by the farmers, I also searched for and read literature on topics that were mentioned by experts that I
had conversations with.
The issues that will be looked at will be the effects of drought, the impacts of burned areas, the effects
of haze on plant production, the influence of haze on pests and pollinators, and the effects of fire and
haze on the soil. To find the literature I used the search application of the Wageningen University
Library and Google Scholar. The results of this analysis are presented in chapter 4.

2.3 Distribution of fire and agricultural productivity
The third research question was ‘To what extent can the effects of the haze of 2015 be noted in the
harvests of different crops across Indonesia of that year?’. This was analysed by looking at the
distribution of fire and the productivity of several crops. The distribution of fire was selected as the
variable to represent the amount of haze in an area. The distribution of haze is influenced by more
factors than only the distribution of fire, such as wind. However, for this research the distribution of
fire is considered to be an indication for the distribution of haze in order to analyse the relation
between the haze and the agricultural productivity. The method to test this relation consisted of three
steps. First, I located the distribution of the fires. Secondly, I gathered data about the harvests of
several crops. Finally, I combined the data of the first and second step in order to analyse the possible
relation.
2.3.1 Locating the distribution of the fires
First of all, I had to locate the areas where the fires were active. For this I made use of the MOD14A2
of MODIS remote sensing data. This data is freely available on https://search.earthdata.nasa.gov/. The
MOD14A2 identifies fires and other thermal anomalies with an eight-day coverage with a 1 km spatial
resolution (Giglio & Justice, 2015). Since the fires are mostly active in the period of June to October
(Tacconi, 2003, Glauber & Gunawan, 2016) I selected 23 eight-day periods starting at the 2nd of June
of 2015 and ending the 2nd of December in 2015. To retrieve the data for the whole of Indonesia
thirteen granules per layer (eight-day period) were needed. By using ArcGIS I could merge the thirteen
different granules into one layer. After this I reclassified the values of the file according to table 2 in
order to be able to identify the areas of fire later on. I chose not to make a difference in the confidence
levels of the fire since that level of differentiation would make the analysis too complex and this was
not necessary to get results. Any further implications of this will be taken into account in the analysis
as well.
The merging and the reclassifying had to be done for all the 23 eight-day periods in order to be able to
stack the layers on top of each other and create a new map. On this map it shows the water (all values
of 0), the land (all values between 1 and 23) and the fire (all values of 24 and higher). Something that
has to be taken into account is that, because of the earlier mentioned reclassification, a pixel showing
fire once could be nullified if it showed a cloud or if it was not processed correctly once. However, the
amount of these not processed pixels and clouds where generally so low that it would not have a great
impact on the overall outcome. Therefore, the map that resulted from all these modifications provided
a reliable image of where the fires have been active. In addition to this, depending on the classification
it would also be able to show in how many weeks (eight-day periods) fire was active in an area.
Following this I added a shape file showing the borders of the provinces in Indonesia. With this I was
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able to create a table showing how many pixels (of each 1km^2) have reflected fire during the period
of June to November 2015.

Original value
0
1

2
3
4
5
6
7
8

9

Description
Not processed
(missing input data)
Not processed
(obsolete; not used
since Collection 1)
Not processed (other
reason)
Non-fire water pixel
Cloud (land or water)
Non-fire land pixel
Unknown (land or
water)
Fire (low confidence,
land or water)
Fire (nominal
confidence, land or
water)
Fire (high
confidence, land or
water)

New Value
0

New description
Water or nothing

0

Water or nothing

0

Water or nothing

0
0
1
0

Water or nothing
Water or nothing
Land
Water or nothing

2

Fire

2

Fire

2

Fire

Table 2. Conversion of MODIS values to the values used for the analysis.

2.3.2 The harvests
The harvest data was collected from the website of the BPS statistics Indonesia a non-ministry
government agency (available at https://www.bps.go.id/). BPS Statistics Indonesia provides data for a
large variety of crops and in most cases also for a series of years. In addition to this, it also presents
the data for all the provinces of Indonesia separately.
Because this research is investigating the effects for the whole agricultural sector it is not limited to
only one crop or one type of crops. In contrary it looks at a wide variety of 21 crops that are presented
in table 3. These crops could be divided in three categories: food crops, plantation or estate crops and
fruits. With this variety of crops I expect to get a reliable image on how the agriculture is affected by
the haze as well as to see how specific crops have been influenced by the fires.
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Food crops

Plantation crops

Fruits

Paddy

Oil palm

Watermelon

Maize

Rubber

Melon

Soybean

Coconut

Mango

Peanut

Coffee

Oranges

Mungbean

Cacao

Papaya

Cassava

Banana

Sweet potato

Rambutan
Durian
Pineapple
Table 3. Classification of studied crops.

To be able to use this data for the analysis correctly it was necessary to process some of the data of
BPS Statistics Indonesia. For all the food crops the productivity was available in quintal per hectare.
Except for the plantation crops and the fruits this was not the case. For the plantation crops I could
calculate the productivity in ton per hectare per year combining the total production and the total
plantation area. Unfortunately, it was not possible to calculate the productivity for the fruits, since the
planted area was not available for these crops. Nevertheless, I decided to use the production numbers
instead. Fruits as mangos, oranges, rambutan and durian grow on trees that need some years to grow
before they bear any fruits, therefore a large variation of production between years is unlikely. Also,
although they grow faster and are not as long lasting, banana and papaya trees are also used for
multiple seasons. Leaving the pineapples, watermelons and melons as crops of which the production
area would be more susceptible for fluctuation since their production times are shorter. Regarding all
of this it would mean that for most fruits it would be unlikely to show extreme transformations over
between a few years. This would mean that with this data it would not be able to draw strong
conclusions for the fruits. However, it could still provide some useful and relevant indications that may
encourage further research.
2.3.3 The analysis of relationships
After locating the distribution of the fires and having analysed the production and productivity over
the years the third step was to check if there are any correlations between the distribution of fire and
the productivity in the provinces. This was done by a simple linear regression analyses between the
percentage of land that was covered by fire in the period of June to November of 2015 and the change
in harvests for several year. The decision of simple linear regressions was based on the scatterplots
that can also be seen in appendices D, E, F and G. These did not show an indication for any other type
of relations than linear relationships. Different regression analyses were carried out to test different
variables for any correlations. The regression analyses were realized in Excel by using the regression
function in the data analysis application. In addition to the tests of correlation between the fire
distribution of fire and the harvests, a linear regression analysis was preformed between levels of
PM2.5 and harvests. The data of the air quality levels was provided to me by Lars Hein and was based
on in-house modelling of PM2.5 air concentration levels per province. This work is not yet published,
but models were made based on use of the NOAA HYSPLIT model, calibrated with PM2.5
concentrations form Indonesian air quality measurement stations. The results were a map of average
PM2.5 concentrations due to burning peat swamp forests for all provinces in Sumatra and Kalimantan.
The results of this and of the previous discussed data will be further elaborated on in chapter 5.
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3. The effects of haze as perceived by the farmers
In this chapter the main results of the survey are discussed. After a short description of the general
information of the respondents, what their perception is of the effects of fire and haze on their crops
will be addressed. Subsequently, the effects that the farmers have noticed in their surroundings
followed by an assessment of the economic losses of the farmers. Furthermore, the sources of
knowledge of the farmers on the topic of haze and fires will be identified. At last, the perceived health
effects of the haze of 2015 will also be examined.
During the fieldwork a survey was conducted among 103 Indonesian small-scale farmers. As
mentioned in the methodology chapter, the farmers were selected among 4 different villages where
each had their own ‘specialization’ (fruits and vegetables, rice, palm oil and wood) to be able to tell if
the is a different effect on different crops. In the next paragraphs the different types of farmers, the
different effects of the haze they observed and what the economic losses will be discussed.

3.1 The crops
All the farmers combined were producing 28 different crops on their lands. The distribution of these
corps can be seen in table 4. Variating from fruits such as water apples and rambutan, to vegetables
as leek and cucumbers, to oil palms and rubber trees. In Basarang the farmers mainly cultivated fruits
such as pineapple and rambutan combined with some rice and some rubber. Most of the farmers said
that they were farming around three different crops here, while in the other villages the average
number of crops was 2. In Anjir most of the farmers were only cultivating paddy and rubber, although
a few were also cultivating some additional vegetables. There was also one farmer specialized in a lot
of different fruits, therefore the variation of crops in this village was the highest. In Palingkau most
people were farming rubber trees and oil palms, although some people just recently started with the
oil palms and were not able to harvest them yet. In Katimpun, the farmers that were interviewed had
plantations with Sengon and rubber trees. In the surroundings of the village of Katimpun they were
also replanting degraded peat swamps with Sengon trees.
Overall 82% of the farmers that were interviewed reported that there was fire in the neighbourhood
of their village and 60% even reports that there was fire on their land. 76% of the farmers believe that
the haze had some effect on the productivity of their plants in some way. To be able to understand
how the fire and haze affected the harvests, six different categories were created: quantity of the
harvest, quality of the harvest, the state of the plant, the state of the soil, pests and other. Many
changes were named for all these categories, these will later be discussed in further detail. First, to get
a better overview in these changes, they were categorised as positive, negative and neutral changes.
In this case positive means that things (quality, quantity, states) improved and negative that these
worsen compared to previous years. Neutral means that there is no clear effect and that things stays
almost the same as the years before. The people not mentioning any specific change in a category
were also classified as neutral, because it was assumed that they were asked about the category and
would have responded if there was a change. Figure 2 shows an overview of the different categories
and the responses per village as well as for the total. The next paragraphs will describe in further detail
the results per category.

15

Village
Average number of
crops per farmer
Crops

Basarang

Anjir

Palingkau

Katimpun

2.97

1.94

1.97

2.00

Paddy
Rubber
Oil palm
Rambutan
Cassava
Pineapple
Coconut
Banana
Yard long bean
Cempedak
Jackfruit
Katuk
Leek
Chili
Vegetables

Paddy
Rubber
Oil palm
Rambutan
Durian
Jackfruit
Banana
Ambarella
Orange
Soursop
Water apple
Papaya
Katuk
Chili
Taro
Eggplant
Cucumber

Paddy
Rubber
Oil palm
Rambutan
Cucumber
Tomato
Chili
Onion
Fruits
Watermelon
Eggplant
Cassava

Sengon
Rubber
Oil palm
Banana
Cassava
Rotan

Table 4. Distribution of the cultivated crops per village

3.2 The mentioned effects
Changes in Quantity
All respondents were asked if they thought the haze had an effect on the quantity of the harvest. As
seen in figure 2, 30% believed that the haze had a negative effect on the quantity of the harvest. In
particular in Anjir, the village of the rice farmers, where almost half of the respondents believed that
their yield declined due to the haze. Of the people that gave a more elaborate answer, 5 stated that
especially their rubber trees gave less sap and one person stated that the harvest was reduced due to
the smaller size of the pineapples. Only one person, also in Anjir, believed that the haze caused an
increase of his harvest, although his land was partially burnt. The rest of the respondents (69%) did not
perceive any effect of the haze on the quantity of the harvest.
Changes in Quality
Aside from the quantity of the harvest it was presumed that the haze also could have had influence on
the quality of the harvest. In total 28% of all the farmers believed that the smoke had a negative effect
on quality of the harvest. In Basarang, the horticulture village, even 42% believed that the quality
declined as a result of the smoke. The most often described effect (15 times) was that the rice seeds
consisted of empty husks. Other negative effects were a smaller size of fruits (especially for rambutan),
black spots on the rice grains, decrease of the quality of vegetables and a decrease in the sweetness
of the pineapples. In contrast, 14% of the farmers said that the quality of crops was influenced in a
positive way by the haze. Especially in Palingkau where 37% of the respondents mentioned that the
quality of their harvest increased due to the smoke. This result raises uncertainty, as the farmers only
explained that the taste was good. This could indicate that the interpreter has understood or asked
the question incorrectly. And asked for the quality of the harvest and not if this improved due to the
haze. In this case it could also be perceived as a neutral answer. This problem will be discussed more
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extensively in the discussion chapter. Lastly, 58% of all the farmers did not observe any effect on of
the haze on the quality of the yields.
Changes in the state of the plants
The farmers were also asked if the fires did have any effect on the plants themselves and not only the
fruits or parts that were being harvested. In this case 43% of the farmers perceived a negative effect
of the haze on the state of the plants. Particularly, in Katimpun where 80% of the respondents
observed negative effects, and in a lesser extent in Anjir and Basarang, respectively 50% and 45%. The
main issues in this case were that trees and plants burnt down (mentioned 13 times), leaves falling off
or colouring yellow or brown (13 times) and that the growth of the crops was slower or disrupted (11
times). The total percentage of the farmers that perceived positive effect on the condition of the crops
is 16%. Just like in the previous category, almost all the people that noticed a positive effect are from
Palingkau. In this village 47% of the farmers mentioned a positive effect and again it was only described
with good. So, the same applies for what happened for the quality of the harvest. The answers could
also be interpreted as neutral and likewise this will be discussed further in the discussion chapter. For
this category only 42% reported that the haze did not have an effect on the state of the plants.
Changes in the state of the soil
The farmers were asked as well if the fire and haze did have any effect on the soil quality. 43% of all
the farmers responded that it had and negative effect. However, this 43% percent consists mainly of
farmers in Anjir and Palingkau, where respectively 56% and 77% of the farmers had noticed a negative
effect on the soil due to the fires and the haze. While only 3% in Basarang and 20% in Katimpun
observed negative effects. The most mentioned effect was acidification. Only two farmers, one in
Katimpun and one in Anjir, believed that the haze has a positive effect on the soil quality. One said that
the soil became wetter after the fires, the other one did not specify.
Changes in pests
In all the villages, except Katimpun, around 60% of the farmers mentioned negative effects regarding
pests. Among the most mentioned pests were caterpillars (24 times), mice (14 times), the rice earhead
bug (leptocorisa oratorius) (10 times), and planthoppers (Fulgoromorpha) (9 times). Two farmers in
Basarang also mentioned monkeys coming into the gardens stealing fruit and vegetables. Around 43%
of all the farmers, and 100% in Katimpun, did not see any change in the pests in years with fire and
haze. None of the respondents mentioned anything positive regarding the relation of the pests and
the haze.
Other changes
In the category other, only 5 respondents (5%) mentioned something of whom 4 were from Basarang
and 1 from Anjir. The farmers in Basarang said that they were not able to work because the sight was
limited. Nothing positive was mentioned in this category, which means that 95% was neutral for this
category.
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120%

100%

80%

60%

40%

20%

0%

negative neutral positive negative neutral positive negative neutral positive negative neutral positive negative neutral positive negative neutral positive
ChangeInQuantity

ChangeInQuality

Anjir

47%

50%

3%

28%

66%

Basarang

23%

77%

0%

42%

Katimpun

10%

90%

0%

0%

Palingkau

27%

73%

0%

Total

30%

69%

1%

ChangeInPlantState

6%

50%

44%

6%

58%

0%

45%

55%

90%

10%

80%

20%

23%

40%

37%

20%

28%

58%

14%

43%

ChangeInSoilState
56%

41%

0%

3%

0%

20%

33%

47%

42%

16%

ChangeOfPests

3%

69%

97%

0%

70%

10%

77%

23%

43%

55%

ChangeOfOther

31%

0%

3%

58%

42%

0%

0%

100%

0%

0%

63%

37%

2%

57%

43%

Total

97%

0%

31%

13%

87%

0%

30%

0%

100%

0%

10%

0%

0%

100%

0%

29%

0%

5%

95%

0%

100%

Figure 2. This chart and table present the results regarding the perceived effects of fire and haze by the farmers. The results are divided in the categories of effect and subsequently the nature
of the effect (negative, neutral or positive). In addition to this also the answers per village are displayed.
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3.3 Effects in the neighbourhood
All the respondents were asked if the fire and haze did affect other farmers in their neighbourhood.
The result (presented in table 5) was that 56 out of the 103 respondents believed that other farmers
in their community were indeed affected. Another 40 respondents said that they did not think that
other farmers were affected and only six said that they did not know if others were affected. The
farmers that answered yes were also asked how the others were influenced by the fire and the haze.
These answers were categorised into five groups. The first category of ‘plants that were burnt or died’
encloses all the answers that have something to do with plantations and fields that were burnt down
or were plants died due to the intensive smoke. The second category of ‘slower growth’ was mainly
related to the lack of sunlight that caused that the harvest was delayed and does not necessarily say
something about the quantity of the harvest. However, the third category of ‘decline in production’
does encompasses this topic. Most of the farmers were referring towards fruits and vegetables that
were not fruiting. Also, a reduction in sap production by rubber trees was mentioned. In the ‘Other’
group the answers were diverse. A few farmers mentioned the increase of pests due to the fires in the
forests. The hardening of the soil, the colouring of leaves and a loss of income for farmers were other
things that were mentioned. In the ‘No specification’ group were all the answers that did not specify
the effects, although they sometimes mentioned plant species. Some farmers gave elaborate answers
and pointed out multiple effects that could be divided in different categories, because of this the
percentages do not add up to 100%.

Effects suffered by other farmers due to the haze and fire
Plants burnt or died
Slower growth
Decline in production
Other
No specification

27%
21%
18%
18%
29%

Table 5. Effects of fire seen in the neighbourhood

3.4 The economic losses
The farmers were asked if they had any losses. And if they had, what those losses were and if they
could be expressed in money. This resulted in 67 farmers (see table 6) saying that they suffered losses
due to the haze and the fire in some way. Most of them described their losses as harvests that were
lost, others said that they were unable to work for some days and that therefore they have lost profit.
In Palingkau the number of affected farmers was the lowest with 53% while in the other villages this
was 66% or more.
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Farmers reporting losses caused by the haze and fire
Village
Number of farmers
Percentage per village
Basarang
22
71%
Anjir
21
66%
Palingkau
16
53%
Katimpun
8
80%
Total
67
65%
Table 6. Distribution of farmers that reported economic losses caused by the fire and haze.

In total 30 farmers were able to express their losses in Indonesian Rupiah. All the losses combined this
would result into 726.8 million rupiah (€45.000) of lost profit. Resulting in an average of 24.2 million
IDR (€1500) per farmer. However, there were two farmers in the that have reported losses of 100
million IDR and 378 million IDR, reporting lost profits that were notably higher than the others with
similar farms. If these two farmers are left out the total of the combined losses would be 248.8 million
IDR (€15.000) with an average loss of 8.8 million IDR (€550) per farmer.

3.5 The effect of the haze on the quantity of the harvests
As described earlier in this chapter almost a third of the respondents mentioned a negative effect of
the haze on the harvest quantity, in particular in Anjir, the rice producing village. In the survey the
farmers were also asked what crops they were producing and what would be the average yield before
the fire of 2015 and what they had harvested in 2016, the year after the large fires. This resulted in a
large list of all the crops and the amount of harvest in kilograms. The unit for the amount of harvest
had to be kilograms because this way the it could be compared more easily to other data. If it would
be depicted in money such as IDR it would have been harder to calculate the exact amount of the
harvest since the value of the currency is flexible and changing. Nonetheless, not all the famers were
able to say the exact amount of their harvest in KG since they used some other measuring units such
as balek and quintal. One balek is supposed to be 11 kg and one quintal 100 kg. This required that the
amounts given by the farmers had to be converted into kg. Sometimes the farmers were not able to
answer the questions because they had not harvested their crops or because they did not remember
the weight of their harvest. These answers were labelled as invalid. With all the correct data
calculations were done.

Crops
Rambutan
Pineapple
Oil palm
Rubber
Paddy
Other
Total
Invalid

Number of valid cases
11
13
14
24
52
23
137
96

Differences in % of harvest
before and after the fire
-29%
-15%
-13%
-49%
-51%
-42%
-42%
-

P value
0.066
0.043
0.229
0.131
<0.000
0.088
0.040
-

Table 7. T-test results for the change of harvests per crop. Additional information on the quantity of the harvest a presented
in appendix B
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Table 7 presents the results of some of these calculations. The first three columns represent the
difference of the harvest between a regular year, 2014-2015, and the year after the fire, 2015-2016
for most of the farmed crops. Furthermore, it also depicts on how many cases this calculation is based.
For this calculation, the total sum of all the harvests of each crop was used instead of calculating the
difference for each farmer specifically. This was done to be able to compare this later on to other local
statistical data that only makes use of the sum of harvest. To check the significance of these differences
a T-test was run on the harvest of the time before and after the fire. The T-tests were one-tailed since
it was expected already that the differences would go into a negative direction. These outcomes are
displayed in the fourth column under the P-value. If taken a level of significance of α<0.05, this would
result into that the differences for the pineapples, the paddy and the total would be significant. Of
course, the sample size for the pineapple is relatively small with 13 farmers only. However, with 52
cases for the paddy and the 137 for the total of all the crops this would suggest that the harvest of the
paddy and of everything in total were significantly lower after the fires than before.

3.6 Source of the knowledge
The last question regarding the damage to the crops was: ‘How did you acquire this knowledge about
the plants and the effects of the fire and haze?’. However, due to some problems in the translation
this question was not always asked in the correct way during the first days of the fieldwork. The
question was translated as: ‘Did the government give you information about the fires and the effects
on plants?’ The result of this was that a number of farmers (18%) was just ‘no’ and therefore invalid
for the results as it did not further explain what the source of their knowledge was.
The outcome of the correctly asked question (presented in table 8) was that about half of all the people
(49%) used their personal experience and observations to explain the effects of the fire and haze on
the plants. About a quarter (24%) did receive information from the government. Nonetheless, not all
of them did receive it from the same governmental institution. Some farmers were informed by the
local police department, while others were informed by the local agricultural department or the
Manggala Agni, fire fighters that are trained to prevent and extinguish wild fires. Furthermore, 17% of
the respondents said that they were informed by other people in their community, such as their head
of the village, neighbours, friends and family. At last, 5% has learned about the effects on the plants
through different types of media (newspapers, television and internet).

Sources of knowledge
Personal experience
Government
People in the community
Media
Invalid answers (no)

Percentage of
farmers that
49%
24%
17%
5%
18%

Table 8. Sources of knowledge of the farmers regarding the impacts of fire and haze
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3.7 Health impacts
In the survey were two questions included regarding the health impacts that the farmers had noticed.
One question was informing about the health impacts that the haze had on the farmers themselves.
The other question concerned the health impacts suffered by people in their neighbourhood, such as
family or other people in their village.

Health impacts

Minor respiratory problems
Major respiratory problems
Eye problems
Colds, flu, fevers
Other

Percentage of farmers that were Percentage of farmers that
affected
observed health problems
for other people
70%
80%
22%
31%
41%
37%
10%
18%
8%
6%

Table 9. health effects of for farmers and people in their community during the period of haze

As the respondents gave a wide variety of answers, the responses were ordered in five different
categories as presented in table 9. First of all, many respondents that mentioned respiratory problems.
However, the severity of the problems differed greatly. Therefore, the respiratory problems were
separated in minor and major respiratory problems. Minor respiratory problems were symptoms as
shortness of breath and coughing. These were mentioned the most, both for the farmers themselves
(70%) as well as for people in their neighbourhood (80%). Major respiratory problems were respiratory
infections, lung infections and asthma. More than 1 in 5 farmers (22%) claimed to have suffered of
these while almost a third (31%) has seen these health problems for people in their community. The
farmers also mentioned several problems with their eyes, such as red and irritated eyes, as an effect
of the haze. 41% had eye problems themselves and 37% has heard about other people with similar
problems. Furthermore, the respondents reported cold, flus and fevers caused by the smoke. 10% of
the respondents had suffered from these illnesses themselves and 18% reported of other people with
these conditions. The category other comprises of problems mentioned that did not fit in the other
categories such as, headaches, stomach aches and dizziness. This was mentioned only 8% for the
farmers themselves and 6% for other people. Besides this data of the observed health problems it is
noteworthy to mention that some respondents reported that children were suffering more and
heavier of these different health conditions.
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4. The effects of fire and haze on agriculture in the literature
A wide variety of effects of the haze were mentioned by the farmers. In this chapter will check the
viability of these theories combining the gathered data with other data and already existing theories.
Mark Cochrane (2009) acknowledged that the effects of fires are often indirect or delayed and
therefore hard to ascertain and to account for. To be able to ascribe the fire and haze for the lower
yields the effects of the fire and haze attributed by the farmers will be analysed in the next paragraphs.
To check the viability of the theories of the farmers scientific literature will be reviewed. Furthermore,
other factors that could have influenced the productivity of the farmers crops will be looked at as well.

4.1 The impacts of drought
One of the things that has not been mentioned by the farmers is the drought. This is not surprising
since, as stated already in the introduction, it would rather be the cause instead of the consequence
of the fire and haze. The drought is again strongly related to the El Niño Southern Oscillation (ENSO),
as Quinn et al. (1978) have shown with long term records between 1830 and 1953 that 93% of the
drought in Indonesia occurred in El Niño years. During an El Niño event the Indonesian Low migrates
eastward towards the tropical pacific. This causes dry climatic conditions and drought in large parts of
Indonesia (Irawan, 2003, D’Arrigo & Wilson, 2008), and these droughts are one of the factors that
increases the chance of large fires (Gutman et al., 2000, Chrastansky & Rotstayn, 2012). However,
these droughts do also have negative effects on the agricultural production. Irawan (2003) calculated
that because of El Niño events between 1969 and 1999 the Indonesian net food production loss was
3,9%. Maize seemed to be the most sensitive to El Niño in the report of Irawan (2003). Soybeans and
groundnut appeared to be moderately sensitive and dryland and wetland rice seemed to be relatively
resistant. The variation in the production rate of the crops could be ascribed to the adaptability of the
crop to a reduction in water supply due to El Nino, the availability of an irrigation network and the
cropping patterns applied by farmers (Irawan, 2003). According to Gutman et al. (2000) the ENSOrelated drought caused a significant reduction in the production of coffee and sugar. Salafsky (1994)
found that the El Niño event of 1991 lead to a reduction in the durian yield, a loss of coffee gardens,
and a delay in rice harvest in West Kalimantan. Furthermore, did the community lose wages in the
forest production industry while the water hauling labour increased. The total costs of this all was
estimated between one-quarter and one-half of the annual township income. After the extreme El
Niño events in 1997 and 1998 the rice productivity declined with 5% in Indonesia and Central
Kalimantan. In addition to this the decline in productivity in 2005 and 2010 were as well after periods
of El Niño. Therefore, it is plausible that the drought caused by the ENSO is responsible for a decline in
productivity. The question now is in what extent is the drought itself responsible and to what extent is
the haze responsible for the decline in productivity. For this is important to know in what other ways
fires influence crop production. Therefore, in the next paragraphs display the effect of plants being
burnt, the loss of pollinators, the reduction of sunlight, the change in flavour, its influence of pests and
diseases and its effects for the soil.

4.2 The impacts of fire and burned areas
The effects of the burned areas for the farmers is not only be the sum of the area burned, it is difficult
to attribute exactly the extent of the effects accurately. The World Bank (Glauber & Gunawan, 2016)
estimated that the province of Central Kalimantan suffered a 1242 million USD loss in the agricultural
sector , for the whole of Indonesia this was 4839 million USD. A large part of these losses can be
attributed to burned down farmland, 346 039 hectares of food crops and 72 763 hectares of estate
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crops. However, not all the burned farmland would immediately result in huge economic losses.
Tacconi (2003) remarked in his report for CIFOR that the fires of 1997 occurred from July to October,
in the dry season. This time of the year is normally used to prepare for planting and therefore is critical
for the next year’s harvest. Also, Suyanto et al. (2009) mention that the preferred time for planting
rubber for farmers from villages in the area around Kapuas is in September and October. This, to ensure
water availability and avoid droughts. This means that if the burnt area was planted with perennial
crops this would, indeed, have led to economic losses. Yet, for annual crops it would be most likely
that they would not have been planted, or that the crops would not have grown anyway because of
the drought (Tacconi, 2003). The fires of 2015 did occur in the same period as in 1997 (June-October)
therefore it is presumable that the situation in 2015 is similar and the largest share of the economic
losses would be for perennial crops. It remained unclear for me if the World Bank has taken this into
consideration in their Economic Analysis of Indonesia’s 2015 Fire Crisis (Glauber & Gunawan, 2016).
However, they mention that the amounts include damages to infrastructure and equipment. In
addition to this, they have taken into account a loss of 800 million per year for the next three years for
estate crops as palm oil and rubber as well as forestry for the next five years. According to the World
Bank the costs to food crops would result into lower incomes for farmers and it could also have impacts
on food security (Glauber & Gunawan, 2016).

Village

Number
of
farmers
Basarang 8
Anjir
26
Palingkau 18
Katimpun 10
Total
62

Percentage of
farmers per
village
26%
81%
60%
100%
60%

Table 10. Farmers reporting fire on their land per village

A majority of the farmers (82%) reported to have seen the fires in their neighbourhood and 60% had
parts of their land that caught fire. The farmers were not asked what area was burnt down therefore
it is not possible to calculate the losses exactly. On the other hand, this would also be very complex as
it was not known what area of their land was used for each crop. Nevertheless, with the information
of what crops were farmed and data on which farmers have seen fire on their land, a sound estimate
on what farmers were hit harder than others by the fire can be made. As can be seen in table 10 all
the farmers in Katimpun have suffered from fire on their land, and since the farmers in this village
were mostly cultivating species like Sengon and rubber, the losses were quite severe. Farmers had to
spend up to 1 100 USD to buy new plants, a huge amount for these smallholders, especially taking into
account the time that it takes to be able to harvest again. Besides this they were as well deprived of a
constant rubber income up to even 230 USD per month. In Anjir, 81% percent of the farmers did see
fire on their land, this had also an effect on their production yet the farmers mentioned less often that
their harvest was lost. A few farmers mentioned that they were able to harvest before the fires arrived
and therefore were able to avoid losses. In Palingkau, the village that was chosen for the oil palm
production, 60% of the farmers had seen fire on their premises. Some farmers reported that their
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plantations were burnt down up to 80% of their total area and replanting costs did lead up to more
than 3000 USD. In Basarang less farmers reported fire in their property, only 26%. In addition to this
no farmer did report that they have suffered losses because of crops burnt by the fire. Looking at the
results of the questionnaire correspond with what Tacconi (2003) said about the higher losses for
perennial plants. Moreover, farmers of slower growing plants such as Sengon, Rubber trees and Oil
palms reported their loss of because of fire more often, while other farmers focussed more on the
effects on the haze. This could also indicate that the fire formed a more substantial part of their losses
in general instead of the haze. Of course, the geographical location of the villages would have played
a role, because the fires would have been more intense in different places. Yet the location would also
not have been critical for the results, since in in every village farmers had fire on their property and
the more decisive factor of the damage to the farmers would have been if they produced annual or
perennial crops.

4.3 The impacts of smoke and haze on plants and plant production
In the questionnaire the farmers mentioned several effects of the haze on the state of the plants and
the yields. Leaves turned yellow, flowers fell of the trees, the growth of the plants was disrupted, the
fruits were smaller, and their taste and quality decreased. In addition to this, rubber trees gave less
sap and many farmers complained of empty rice seeds.
Smoke and haze interfere with the growth of plants in multiple ways. Air pollutants set free by forest
fires affect the weather and climate by releasing greenhouse gasses that contribute to climate change.
Furthermore, smoke particles can act as cloud condensation nuclei, that affect precipitation patterns.
Finally, smoke particles can affect the earths radiation balance by scattering and absorbing radiation
and reducing the incoming sunlight (Radojevic, 2003). To have photosynthesis the radiance of the
sunlight needs to be sufficient. The kind of radiation that triggers photosynthesis is called the
photosynthetically active radiation (PAR). The intensity and duration of radiation received during the
growing season can have a great influence on crop productivity (Henson, 2000). During the fires of
1997, the haze reduced the PAR levels with 92% compared to clear days, resulting into a decrease in
photosynthesis for three tropical tree species (Davies & Unam, 1999). Yamasoe et al. (2006) found that
exorbitant concentrations of aerosol particles in the atmosphere deriving from biomass burning
reduced the amount of global photosynthetically radiation at varying canopy levels. Simulations of
Yanhong et al. (1996) showed that the leaf carbon gain decreased during hazy days, in particular for
understory plants in tropical forests where even negative production can take place during haze. This
corresponds with the results of Fan et al. (1990) who report that cloud cover increases of 10% would
result in carbon releases of 1.2x10¹² kgC/year in tropical rainforests. This would be equal to a loss of
0,5% biomass per year and it could be sustained for a significant period (Fan et al., 1990). That the
solar irradiance is important for agricultural crops as well, is presented in the report of Chameides et
al. (1999),he models they have used for their research suggested that the regional haze in China
resulted in a 5-30% reduction of solar irradiance. This would have caused that around 70% of the crops
grown in China would not meet their optimal yield by 5-30% (Chameides et al., 1999).
In addition to the reduction of solar radiance, there are many other physical and chemical processes
that reduce photosynthesis. More than 100 chemical compounds have been distinguished in wood
smoke and many of these have been observed in the field (Radojevic, 2003). The stomatal aperture of
plants respond to many environmental and internal factors so that the plant can make fine
adjustments to the gaseous conductance of leaves. Atmospheric contaminants can disturb the
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stomatal control mechanisms of plants and can even be a threat to the plant’s life. However, the
impacts of air pollutants on stomata are very complex. The same pollutants can cause stomata to open
or close, depending on the dose and other circumstances. However, disturbances of stomatal control
that appear to be small can have a great impact on the survival of the plant during times of stress
(Robinson et al., 1998). When exposed to smoke for only twenty minutes, five deciduous and conifer
tree species showed a reduction greater than 50% in photosynthetic capacity and conifers resulted to
recover faster than the deciduous species (Calder et al., 2010). Gilbert & Ripley (2002) looked at the
photosynthetic gas exchange of the Chrysanthemoides monilifera, a shrub that grows in many
environments. They exposed the plants for one minute to smoke showing them to be significantly
affected within half an hour. Stomatal conductance, CO₂ assimilation rate and intercellular CO₂ levels
were significantly reduced and these reductions lasted for five hours. Exposures longer than five
minutes lead to wilted leaves and ultimately resulted in leaf necrosis and shoot death. Bell et al. (2013)
did research on the impacts of short-term exposure of smoke on grapevines. This short-term exposure
had little effect on photosynthesis, stomatal conductance and transpiration rates and most of the
varieties of grapevines had recovered within 48 hours. Nevertheless, is it known that smoke exposure
on grapevines gives wine a smoke taint and this has had a great economic impact in the wine sector
(Kennison et al., 2009, Bell et al., 2013). The smoke did however have an impact on fruit production in
tropical forests. Here the smoke caused the fruit producing species to stopped or drastically lower their
fruit production, leading to a decline in fruit eating species in the affected areas, and also in forests
that were adjacent to the burned areas (Sanaiotti & Magnusson, 1995, Kinnaird & O’Brien, 1998,
Anggraini et al., 2000). Phenological data, of a six-year study, of orang-utan research stations suggest
that the drought and the haze have influence on the flowering and fruiting on tree species in the peatswamp forest in Central Kalimantan. However, as the authors do acknowledge, it is impossible to make
a proper assessment of the influence of haze on flowering and fruiting patterns. The data set required
would have to be much longer since the events of El Niño and haze do not happen every year, and
since the flowering and fruiting pattern of many species are unpredictable (Harrison et al., 2013).
The results of Calder et al. (2010), Gilbert & Ripley (2002) and Bell et al. (2013) did not reveal if the
smoke exposure altered growth patterns. However, these were experiments that have been done on
short-term exposure. It is likely that this is insufficient to reveal changes in the growth patterns. Calder
et al. (2010) acknowledges this and state that controlled studies of longer periods are impractical and
that perhaps tree ring data could be used to expose correlations between growth rates and smoke
extent. Also, Henson (2000) states that it is difficult to determine the effects of reduced ration on crops
as oil palms since the large size and perennial nature of the crop hampers experimental approaches.
Harrison et al. (2007) acknowledges that the effects of smoke on non-burnt areas have escaped
attention. They found that the litterfall in mixed swamp forests was much higher in 2006, when the
smoke intensity was high, than in 2001 which was a largely smoke free year. In the discussion they
propose four effects of smoke on litterfall. First of all, a reduction of solar flux reduces photosynthesis
and this results in a decreased health for trees causing them to drop leaves. This corresponds with
what Davies & Unam (1999), Yanhong et al. (1996), Fan et al. (1990) and Yamasoe et al. (2006) wrote
on how the reduction of sunlight affects plants and their production. The second hypothesis states
that higher atmospheric CO₂ levels could also boost the process of photosynthesis since CO₂ is also a
prerequisite for photosynthesis (Harrison et al., 2007). However, Körner (2009) reported that the
response of additional carbon absorption of tropical forests has been overestimated in the past. Mainly

26

because this has been based on research on leaf-level instead of ecosystem-level and on short-term
instead of long-term responses to the elevated CO₂ levels. The third hypothesis of Harrison et al. (2007)
is that particulate matter in smoke could block up stomata, disrupting gas exchange and reducing CO2
uptake. This coincides with the short-term exposure results of Calder et al. (2010) and Gilbert & Ripley
(2002) and Robinson et al. (1998). Lastly, Harrison et al. (2007) proposes the idea that the reduced
solar radiation affects the transpiration rates of leaves resulting in knock-on effects on photosynthesis
and litterfall. Bell et al. (2013) found that the transpiration rates were only affected temporarily,
nevertheless this was merely after short-term exposure and for grapevines solely. More research on
this needs to be done to be able confirm this theory.
Overall, the responses of the farmers on the impacts of haze and smoke on the plants and yields, such
as the falling of leaves, a reduction of fruit production and a change of flavour of the fruits, come back
in the literature on the impacts of smoke of vegetation fire on plants. Nevertheless, the research on
this topic is still limited and it is still impossible to be able to ascribe exactly what the effect was of the
smoke and what the effect was of the drought. Most of the research that has been done on the effects
of smoke exposure on plants has been done on leaf level of saplings or young trees. Moreover, the
number of species that have been analysed is very limited, and different species can respond
differently to smoke. The literature not based on leaf level is mostly based on (tropical) forest
ecosystems, this gives a better idea on how a larger area reacts to smoke. In particular on the effect of
smoke on other parts of the ecosystem. However, it remains difficult to compare complex forest
ecosystem to a pineapple plantation or a rice field, lacking layered levels of canopy and without or with
a neglectable symbiosis or competition with other species. Nonetheless, more research needs to be
done on the effect of smoke exposure to crops, to be able to attribute in more detail the impacts, since
it is known that smoke and haze can have severe effects on the quantity and quality of the yields
(Chameides et al., 1999, Kennison et al., 2009, Bell et al., 2013).

4.4 The impacts of fire and haze on pests and pollinators
The fire and haze had caused an increase in pests according to 60% of the interviewed farmers. In
particular there was an increase of different insects and mice. There is not much literature available
on the relation between fire and smoke and pests. Fire is generally seen in Indonesia as an effective
way to kill pests and pathogens (Tacconi & Ruchiat, 2006, Noordwijk et al., 2008). Therefore, it would
seem strange at first hand that many respondents see an increase in pests. However, it would not have
necessarily been the fire that caused an increase in pests. Irawan (2003) mentions that his case study
also revealed that :’the El Nino event not only led to crop damage through its impacts on drought and
water insufficiency, but also through its impacts on the increase of pest perturbation.’ This pest
increase did mainly take place during the wet season after the long drought in 1997/1998 and did
primarily consist of locusts and rats. Kinnaird & O’Brien (1998) found that after the fires, there was an
increase of wood boring beetles and other insects that infest on injured trees in a Sumatran rainforest.
Farmers that had fire on their property, can have injured or weaker trees as well and therefore suffer
more of insects. Since they only mentioned caterpillars, it is unknown what species they were talking
about and what kind of damage should be expected and taken into account. The farmers did, however,
mention the rice earhead bug (Leptocorisa oratorius). The main symptoms of the rice earhead bugs
are the unfilled grains that have dark spots on the grain surface (Sugimote & Nugaliyadde, 1995). This
is exactly what the farmers mentioned when asked about the quality of the harvests. These empty or
stained grains cannot be sold. Jahn et al., (2004) states that the economic injury of the rice earhead
27

bug should not be seen as a quantitative yield loss, but also as a qualitative since the bug does also
reduce the quality of the grain and the seed germination rates. The other insects brought up more
specifically were planthoppers, although not a specific species was mentioned. Planthoppers are seen
as one of the worst pests for rice dealing a great damage to rice yields throughout Asia (Sogawa, 1982,
Huang et al., 2001, Lu et al., 2015). The seasonal occurrence of the planthoppers largely depends on
cropping patterns and the intensity of the rice cultivation (Sogawa, 1982), however it is known that
planthoppers only attack specific rice varieties and leave others alone (Noordwijk et al., 2008).
Although the farmers declared that the pest increase was caused by the fire and haze, there is no
evidence in the existing literature that can prove a relation between these two phenomena, only for
the drought. Wadley (2002) did research on how households in West-Kalimantan cope with crises,
including in periods of haze and drought. He found that when asked about the inability to harvest
enough rice, problems with insects was the most frequently given answer. After this came weather
problems followed by predation of animals as monkeys and rats. Therefore, it is possible, that it is
something cultural to blame pests if there is something wrong with the harvest, even though it may
not have been the main cause of the decrease of the yield.
None of the farmers mentioned a loss of pollination as effect of the fire or haze. Yet since the farmers
attributed an increase of pests to the haze it could be possible that the haze would have an effect on
other insects as well, such as pollinators. Pollination of insects in forests is important, not only for the
forest itself, but as well for the pollination of crops near the forested land (Campbell et al., 2007).
Nevertheless, the effect of vegetation fire smoke on pollinators is poorly studied and also the research
on the impact of fire is limited (Brown et al., 2017). Ground nesting bees as well as cavity nesting bees
can be affected by the fire, but then again this is dependent of the intensity and the timing of the fire
(Solga et al., 2014). According to Potts et al. (2003) immediately after a substantial fire there is a
catastrophic loss of flowers an bees in the Eastern Mediterranean. In addition, the fruiting in burned
areas in this region was significantly lower than in the unburnt areas, possibly since the low activity of
solitary bees (Ne’eman et al., 2000). However, the recovery is quick showing a new peak in biodiversity
of flowers and bees within two years after the event (Potts et al., 2003). This has mainly to do with the
fact that the Mediterranean vegetation is resilient to fire and plants in this area have adapted to it
(Ne’eman et al., 2000, Potts et al., 2003). Since the area Mediterranean and the peat swamps around
Kapuas are different ecotypes that it is hard to translate the effects of the fire for the pollinators.

4.5 The impacts of fire and haze on soil
Fire has been an important aspect of the slash-and-burn practices in Indonesia. When asked about the
advantages of these practices, the farmers respond that the burning is a fast and easy way to clear the
forest and it does reduce weed competition and reduces pests and diseases (Tomich et al., 1998,
Ketterings et al., 1999, Tacconi & Ruchiat, 2006, Noordwijk et al., 2008). Two other things that farmers
mentioned is that the residual ash acts as a fertilizer for the plants and that the burning enhances the
soil structure enabling faster establishment of seedlings (Ketterings et al., 1999). However, only two
out of the 103 farmers mentioned that the fire and haze had improved the quality of the soil. On the
contrary 43% said that after the fires the quality was degraded mainly because of acidification.
Overall the effect of fire is complex, with impacts aboveground as well as below ground (Neary et al.,
1999). One of the main problems aboveground is soil erosion. If a piece of land is burned, especially
for grasslands there is a high risk for soil erosion. Cleared of vegetation, the exposed soils are rapidly
eroded by heavy rains (Cochrane, 2010). It is true that the fires generally occur in periods of drought,
28

this is, however also the reason that there is limited regrowth of vegetation before the wet season
arrives (Tacconi & Ruchiat, 2006). Soil erosion is a threat since it reduces the water-holding capacity
because of rapid water runoff. Furthermore, it reduces soil organic matter resulting in a loss of
nutrients and valuable soil biota (Zuazo & Pleguezuelo (2009). Belowground the impacts depend
mainly on the severity of the fires. Less intense fires have a lower impact and can increase plant
available nutrients, promote herbaceous flora and thin over-crowded forests. All things that are
positive for most ecosystems (Neary et al., 1999). A more severe fire has the potential to alter a great
number of processes in a system. It can change successional rates, alter above- and belowground
species composition, produce rapid or decreased mineralization rates, alter C : N ratios, and ensue in
subsequent nutrient losses through accelerated erosion, leaching or denitrification (Neary et al., 1999).
Specifically, peat fires alter the soil composition in a way that the reestablishment and character of
plant communities can be disturbed (Smith et al., 2001). A case study of a peat area in Turkey of
Davidson & Janssens (2006) showed that alteration of the soil properties after peat fires did not
recover in the long term.
Next to the effects on the area that was burned are the impacts of the smoke of the fire on the
environment. The smoke can pollute surface water directly, by deposition, through leaching or by soil
erosion, and even reduce the water quality and disturb the balance in aquatic ecosystems (Belillas &
Rodà, 1993, Goldammer et al., 2008). Yamasoe et al. (2000) even found that a significant emission of
acidic organic components caused acidifying effects on other parts of the Amazon ecosystem, due to
the burning of biomass in parts of the Amazon basin.
Another explanation for the acidification may be found in the drainage of peat. By draining the peat,
pyrite, that is found in the mineral subsoil of peat areas in Kalimantan, gets the chance to oxidise
(Wösten et al., 1997, Wösten et al., 2006, Kool et al., 2006). The peat drainage does not only cause
acidification of the soil but yet has an acidifying effect for the whole limnological system (Haraguchi,
2007). The acidification can ultimately lead to a decrease in the availability of phosphate causing
nutrient deficiencies and hampered root growth. Which will then result in a decreased variation of
crops and reduced productivity (Wösten et al., 1997, Wösten et al., 2006)

4.6 The effects of the haze on health
That the smoke and haze of the fires have an impact on the health situation of the people in the region
is already known (Mott et al., 2002, Moore et al., 2006, Naeher et al., 2007, Kochi et al., 2010, Kochi et
al., 2012). Looking at the results of the survey it becomes clear that these results align with what has
been found in other investigations regarding the impacts of haze on health. From the results of the
survey it appeared that most of the people interviewed (70%) suffered of minor respiratory problems.
This coincides with the result of Kunii et al. (2002) that investigated the health impacts of the haze
after the fires in 1997 on 539 respondents, where 91% reported respiratory problems as well. Also, in
the study of Suyanto et al. (2009) similar responses are noted. Furthermore Suyanto et al. (2009) state
that the haze affected the health situation in a way that it hampered village activities and that
transportations systems were affected due to the limited visibility. These effects were mentioned by a
few farmers as well.
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5. Haze and productivity
This chapter will present the results of the analysis of the relation between the haze and the
agricultural productivity in Indonesia. Firstly, it will demonstrate the distribution of the fires in
Indonesia. After this the productivity of the past years per province will be presented. Finally, an
analysis will be done on the correlation between the amount of fire per province and the productivity
of crops.

5.1 The distribution of fires in Indonesia
To be able to present the distribution of fire in Indonesia in 2015, MOD14A2 of MODIS remote sensing
data was used. This data showed the where there was fire in 8 days periods in a 1km grid. By stacking
the 23 layers, it enabled to see where there have been fires in Indonesia in the period from June to
November 2015. Subsequently the percentage of the land that was burnt per province was calculated.
Overall 75105 km², an area bigger than the country of Panama, have reflected as being on fire at least
once during this period, which corresponds to 3.42% of the whole of Indonesia. As can be seen in
appendix C and the map in figure 4 the fires where mainly active on the islands of Sumatra and
Kalimantan, where in South Sumatra even more than 12% has been on fire. This is in line with the
historical patterns since on those islands most peatlands can be found (Glauber & Gunawan, 2016).
The MODIS data that was used for this research does not make a difference between different land
uses. To get an idea of how different types of land uses were affected by the fire, the report from the
world bank was taken into account. In this report was stated that an area of 26000 km² was burnt by
the fires. A quarter of this burnt land was forest or forestry concession, around a fifth of the area
consisted of palm oil concessions and about 15% where food and estate crops (see figure 3) (Glauber
& Gunawan, 2016). Although the area in square kilometres differs from the results of the remote
sensing data it is thought safe to assume that the distribution of the land types is similar.

Figure 3. Hectares burned by land type (derived from Glauber & Gunawan, 2016)
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Figure 4. The distribution of fires in Indonesia from June to November 2015
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With the access to air quality data of Sumatra it was possible to look at the relation between the haze
caused by peatland fires and the productivity, besides the distribution for fire based on the MODIS
satellite imagery. Table 11 presents the average daily concentrations of PM2.5 at provincial levels per
year that were caused by the burning of peat swamp forest. The table displays that, not only in 2015,
but also in 2014 the concentrations of PM2.5 were high compared to the other years. In particular in
the province of Riau these concentrations were very high.
Average daily concentration at provincial level

Table 11. Average daily concentration of PM2.5 at provincial level on Sumatra caused by the burning of peat swam forest
(based on not published work)

5.2 Agricultural productivity in Indonesia
The agricultural productivity has been rapidly increasing in Indonesia since the 1960s. Subsidies for
fertilizers, pesticides and irrigations as well as easy credit terms to implement new technologies have
contributed to this growth (Morley et al., 2019). In this paragraph the development of productivity
over several years will presented according to the categories that were mentioned earlier in chapter
2: Food crops, estate crops and fruits.
The productivity of food crops has been growing since 2005 for the whole of Indonesia. In figure 5 it
shows that maize, cassava and sweet potato have been produced more efficient with an increase in
productivity higher than 40%. The productivity of the other crops has also been rising yet this was only
around 10%. As mentioned earlier for the fruits not the productivity but the production was analysed.
The production of fruits has in generally increased around 10% in 2017 since 2009. However, in the
period in between there has been large fluctuations for different fruits as is presented in figure 6.
Regarding the estate crops no clear trend is visible since the development of the productivity since
2011 has been different for all of the selected crops (see figure 7). One thing that has is notable to
mention is that in 2015 for all crops except oil palm the productivity has been decreasing slightly.
Comparing the productivity of in 2015 and 2016 to the productivity of 2013 this decrease is even more
clear. In the next paragraph, it will be examined if there is this a correlation between this decline in
productivity and the fires of 2015.
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Percentage of national productivity of 2005

Change in percentage of productivity of food crops in
Indonesia from 2005 to 2015
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Figure. 5 Development of productivity of food crops in Indonesia since 2005 (based on data of BPS Statistics Indonesia
retrieved in June 2019)

Percentage of national production of 2009

Change in percentage of the production of fruits in Indonesia
from 2009 to 2017
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Figure 6. Development of the productivity of fruits in Indonesia since 2009 (based on data of BPS Statistics Indonesia
retrieved in June 2019)
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Percentage of national productivity of 2011

Change in percentages of the productivity of estate crops in
Indonesia from 2011 to 2018
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Figure 7. Development of the productivity of estate crops in Indonesia since 2011 (based on data of BPS Statistics Indonesia
retrieved in June 2019)

34

5.3 The relation between haze and productivity
Taking all the crop types into account in the last paragraph a strong decline of productivity or
production is not visible after the fires. However, the numbers used for the graphs are is the
productivity of crops for the whole of Indonesia. This means that local differences could be evened out
as not the whole country suffers from the fires in the same way. In this paragraph the productivity and
production of the crops will correlated to the percentage of land that was on fire on a provincial scale.
With this differentiation it could be possible to find out if there is any correlation between the fires
and the productivity.
5.3.1 Fire and the change of productivity between 2014 and 2015
In table 12 the outcomes for the regression analyses between the fire and the change in productivity
between 2014 and 2015 are presented. These results show that for most crops no correlation was
detected. For coconut a slight negative correlation has been found, however this was not significant.
On the other hand, for cassava a significant slight positive correlation was found.
Crop type

Crops

R-value

R-square

Food crops (Based on productivity
(quintal/hectare)

Paddy

-0.018

0.000

0.917

35

Maize

0.034

0.001

0.849

34

Soybean

-0.113

0.013

0.532

33

Peanut

0.160

0.026

0.365

34

Mungbean

0.147

0.021

0.423

32

Cassava

0.460

0.211

0.006

34

Sweet potato

0.233

0.054

0.185

34

Oil palm

-0.086

0.007

0.690

24

Rubber

-0.072

0.005

0.739

24

Coconut

-0.313

0.098

0.072

34

Coffee

0.127

0.016

0.497

31

Cacao

0.092

0.009

0.609

33

Watermelon

-0.047

0.002

0.793

33

Melon

0.063

0.004

0.726

33

Mango

0.016

0.000

0.929

34

Oranges

0.003

0.000

0.987

33

Papaya

0.085

0.007

0.632

34

Banana

-0.160

0.026

0.367

34

Rambutan

0.123

0.015

0.489

34

Durian

0.132

0.017

0.457

34

Pineapple

-0.046

0.002

0.800

33

Plantation crops (based productivity
ton/hectare)

Fruits (based on production in ton)

Significance

N

Table 12. Correlations between fire and the change of productivity in crops between 2014 and 2015 (valid correlations are
presented in red for negative relations and in green for positive, valid significance is presented in yellow)
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5.3.2 Fire and the change of productivity between 2013 and 2015
According to the average daily concentrations of PM2.5 that are also presented in table 11 the level of
haze was also relatively high for the year of 2014. Therefore it was considered reasonable to also
investigate if the relation of the change in productivity between 2013 and 2015 with the distribution
of fire as presented in table13. This table shows that there are significant positive relations between
the amount of fire in a province and the productivity for maize and cassava, however these relations
are still not very strong. In addition to this there is a slight negative correlation regarding the
productivity of coconuts that is significant. For all the other crops no correlation was detected.
Crop type

Crops

Food crops (Based on productivity
(quintal/hectare)

Plantation crops (based productivity
ton/hectare)

Fruits (based on production in ton)

R-value

R-Squared

Significance

N

Paddy

-0.096

0.009

0.582

35

Maize

0.435

0.189

0.010

34

Soybean

-0.033

0.001

0.855

33

Peanut

-0.138

0.019

0.437

34

Mungbean

0.039

0.002

0.832

32

Cassava

0.374

0.140

0.030

34

Sweet potato

0.299

0.090

0.085

34

Oil palm

0.096

0.009

0.647

25

Rubber

-0.040

0.002

0.843

27

Coconut

-0.369

0.136

0.032

34

Coffee

0.023

0.001

0.903

30

Cacao

0.165

0.027

0.359

33

Watermelon

0.040

0.002

0.827

33

Melon

0.221

0.049

0.231

31

Mango

0.222

0.049

0.207

34

Oranges

-0.021

0.000

0.907

33

Papaya

0.270

0.073

0.122

34

Banana

0.209

0.044

0.235

34

Rambutan

0.185

0.034

0.294

34

Durian
Pineapple

-0.074
0.005

0.005
0.000

0.678
0.978

34
33

Table 13. Correlations between fire and the change of productivity in crops between 2013 and 2015 (valid correlations are
presented in red for negative relations and in green for positive, valid significance is presented in yellow)

5.3.3 Fire and the change of productivity between 2013 and 2016
Glover (2006) mentioned that some fires may lead to are indirect and long-term impacts. Therefore
the effects for the productivity in 2016 were studied as well. Since the data on provincial level was only
available for the estate crops only these are presented in table 14. This table shows no significant
relation has been found between the distribution of fire and the productivity.
Crop type

Crops

R-value

R-Squared

Significance

N

Plantation crops
(based productivity
ton/hectare)

Oil palm

0.109

0.012

0.605

25

Rubber
Coconut
Coffee
Cacao

-0.036
-0.298
-0.058
0.149

0.001
0.089
0.003
0.022

0.860
0.087
0.762
0.409

27
34
30
33

Table 14. Correlations between fire and the change of productivity of estate crops between 2013 and 2016 (valid
correlations are presented in red for negative relations and in green for positive, valid significance is presented in yellow)
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5.3.4 Haze and the change of productivity between 2013 and 2015
As mentioned earlier, the relation between the distribution of haze on the island of Sumatra and the
change in productivity between 2013 and 2015 was also studied. The results for this are presented in
table 15. This table shows a non-significant positive relations between the haze and the productivity
of maize, cassava, sweet potato, oil palm and mangos. Furthermore, there are non-significant negative
relations between the haze and the productivity of rubber and coffee. Two significant relations have
been found, one is a moderate negative correlation of with the productivity of peanuts. The other is
the strong positive correlation with the production of papayas.

Crop type

Crops

Food crops (Based on Paddy
productivity (quintal/hectare)
Maize
Soybean
Peanut
Mungbean
Cassave
Sweet potato
Plantation crops (based
Oil palm
productivity ton/hectare)
Rubber
Coconut
Coffee
Cacao
Fruits (based on production in Watermelon
ton)
Melon
Mango
Oranges
Papaya
Banana
Rambutan
Durian
Pineapple

R-value
-0.004

R-square
0.000

Significance
0.991

N

0.468
-0.072
-0.665
0.018
0.330
0.574
0.348

0.219
0.005
0.442
0.000
0.109
0.329
0.121

0.172
0.854
0.036
0.967
0.351
0.083
0.324

10
9
10
8
10
10
10

-0.304
-0.126
-0.500
-0.097
0.234

0.092
0.016
0.250
0.009
0.055

0.394
0.728
0.207
0.804
0.515

10
10
8
9
10

0.166
0.373
-0.156
0.772
0.237
0.283
-0.070
0.074

0.027
0.139
0.024
0.597
0.056
0.080
0.005
0.006

0.648
0.289
0.667
0.009
0.511
0.429
0.848
0.838

10
10
10
10
10
10
10
10

10

Table 15. Correlations between PM2.5 and the change of productivity in crops between 2013 and 2015 on Sumatra (valid
correlations are presented in red for negative relations and in green for positive, valid significance is presented in yellow)
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6. Discussion
This chapter discusses the results, the implications of these results, address the limitations of this
research, and compare the results to other research.
The results of this study indicate that the fire and the haze affected the agricultural productivity. First
of all, in chapter 3, the farmers have identified many effects of the haze on their crops. According to
the farmers the haze of 2015 caused a reduction in plant production, alteration of soil quality and
changes the flavour of the fruits. In addition to this, the haze also affected their health and impeded
them of working. The farmers were not only affected by the haze but in most cases had part of their
lands being on fire as well. All these effects have economic implications as well since harvests have
declined and plantations need to be replanted. These results are the general outcome of the
questionnaires since clear distinctions between the different specialized villages were not found.
The data for chapter 3 consisted of the questionnaires conducted in the Kapuas district. The data
collection for this had been challenging and complex in some aspects. First of all because the fieldwork
was done in Indonesia, a country where I had never been, nor was I familiar with the culture. Going
abroad also meant that I only had limited time in that place and that I had to be assured that I could
gather all the information that I needed for the research. In order to complete the fieldwork
successfully I read in to the topic of this thesis, I searched for other information about the country and
learned some Indonesian. Nonetheless was I still in need of a translator to conduct the surveys in a
correct and efficient way. Employees of the KPHL office assisted me in translating the survey for me
and helped me to carry them out. However, since not all of the KPHL employees did have a high enough
level in English to translate directly for me, I was forced to change my strategy a little. Instead of having
everything directly translated, I got a small summary of their answer and they wrote a more elaborate
answer down in Indonesian and I had to translate that elaborate answer by myself in the Netherlands.
Using online dictionaries it was possible to carry out. This implies I was not always able ask some more
in depth questions when I heard something interesting. Therefore, in a few occasions, some additional
information might not have been captured. However the main arguments were picked up. Another
problem with the translation is that one question, regarding the source of the knowledge of the
farmers, was not interpreted correctly. This caused that some answers for this questions were invalid.
Nevertheless, since in most cases the question was asked correctly the results are still useful for the
research.
Without the KPHL office helping me it would have been impossible to complete the fieldwork. However
there were also some downsides for the data gathering. Since I was dependent of the KPHL I had to
adjust my schedule to theirs and I was not always able to visit the farmers at the place or time that I
would have preferred at first instance. Nonetheless, the group of respondents that was selected in the
end was satisfying and considered relevant for the aim of this research . Furthermore, it occurred that
there was some miscommunication or that spontaneously there were meetings or activities taking
place that I could attend while I was not fully prepared for that. When this happened I had to simply
improvise and in the end everything went well. In spite of these small obstacles, I was able to collect
reliable data.
It could be argued that, since the farmers were not agreeing on all topics nor having many majorities
agreeing, no conclusions could be drawn from the surveys. However, it should be considered that the
farmers were producing and specializing on a wide variety of crops, even within the specialized villages.
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Because of this variety the farmers had different experiences causing the variety in responses to the
survey as well. This variety in responses is something that was aimed for since the aim of chapter 3 is
to identify the different perceptions of the farmers. Therefore, a clear consensus was not expected nor
necessary.
Chapter 4 shows that the perceptions of the farmers align in many cases with what is known in
literature on how fire and haze affects the agricultural productivity. The effects of burnt crops, the
impacts on haze on plant production, the effects on the farmers health and the impacts on soil and
acidification, for all these indications can be found in scientific literature. For the alleged increase of
pests no real indication has been found, on the contrary it is seen as a method to reduce pests (Tomich
et al., 1998). However, according to Wadley (2002) pests have been mentioned more often in
communities in Kalimantan as a reason for a decline in harvest after other crises.
Taking all of this in consideration, the local ecological knowledge of the farmers in the Kapuas district
corresponds for a great part with the scientific knowledge. The fact that most farmers gained their
knowledge by their own experience in their farmland and the fact that most of those ideas can be
verified in literature, suggests that farmers should be taken serious. In addition, it proves that local
ecological knowledge can play an important role in discovering new relations or effects.
In chapter 5 several correlations were found regarding fire and haze and the productivity of several
corps. There are positive relationships for cassava regarding the distribution of fire and the change in
productivity between 2014 and 2015, as well as between the distribution of fire and the change of
productivity between 2013 and 2015. The data demonstrates that maize has a positive correlation for
the relation of the distribution of fire and the change of productivity between 2013 and 2015, while
the productivity of coconut shows a negative correlation. Further, looking at the relation of the level
of PM2.5 and the change in productivity between 2013 and 2015 the data suggests that peanuts have
a negative relationship and papaya a positive one. Positive relations were not expected, therefore it
would be interesting to look into the causes for this relation. For example if these nutritional
necessities of these species have influence on the way the haze affects the productivity or if the periods
of harvesting and planting played a role.
The results of chapter 3 and 4 show that there are many ways in how the fire and haze influence the
agricultural productivity. However, in chapter 5, a clear correlation between the amount of fire in a
province does not correlate to a change in agricultural productivity in that same province. This may
lead to two assumptions. The first one would be that the effects of haze on agricultural productivity
are too small to have a real effect on the productivity over a year. This may be because the fire is still
very local and the haze is only temporal and therefore its effects are too small. Another reason could
be that innovations in agriculture nullify the decrease of productivity caused by the fire and haze. The
effect of these innovations was not taken into account since it was outside the scope if this study.
However, for future research it would be interesting to take into account the influence of these
innovations.
Although the results of chapter 5 do not verify any effect, they do also not provide any proof that any
effect is ruled out. This would also be unlikely since other authors have shown that the fires have
caused large economic losses by the burning of plantations and fields (Glauber & Gunawan, 2016),
regional haze has influences on optimal yields in China (Chameides et al., 1999), has reduced the
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quality of fruits (Kennison et al., 2009, Bell et al., 2013), and could be held responsible for an increase
in acidification (Yamasoe et al., 2000).
Taking into account that it is not probable that there is no impact of the haze on agriculture, an
alternative argument is proposed for the discrepancy between what was found in chapter 3 and 4 and
the results of chapter 5. This would be that other variables should be used to prove the relation
between fire and haze and agricultural productivity than the variables used in this study. As mentioned
in the introduction there is still a great lack of information on the topic of the accountability of haze
caused by forest fires on loss of productivity of plants, and agricultural productivity in particular. This
research should be considered an exploratory research. Harrison et al. (2007) acknowledges that the
effects of smoke on non-burnt areas have escaped attention in the academic field. This report aims to
identify the effects that are known, by farmers and in literature, and looks into what extent these
effects have had an influence on the national productivity of Indonesia after 2015.
The fact no clear correlations have been found in this study means that for future research other
variables should be used. Henson (2000) states that it is difficult to determine the effects of reduced
radiation on crops as oil palms since the large size and perennial nature of the crop hampers
experimental approaches. Also, other effects on plant productivity have only been tested with shortterm smoke exposure, since longer controlled studies are impractical (Calder et al., 2010, Gilbert &
Ripley, 2002, and Bell et al., 2013). Calder et al. (2010) suggests research looking at tree ring data could
possibly be used to assess the long-term exposure effects.
Regarding the methods used for the analyses, it could be argued that the values for the certainty of
fire of the MOD14A2 should have been taken into account to allocate the fire correctly. However, as
stated earlier as well, this uncertainty was accepted since this objective for this part of the analysis was
to show the distribution of the fire. For this the uncertainty, that was considered negligible, was
preferred over a larger number of pixels reflecting fire. The use of only simple linear regression
analyses could also be criticized. However, looking at the results from the scatterplots, no other types
of relations seemed probable. For this reason, the analysis was limited only to linear regressions.
Nevertheless, it is possible that with other variables different relations might appear.
The percentage of fire in a province has been chosen as a variable to represent the extent of haze,
implying that the more fire there was present more haze there was in the province. However, the
distribution of the haze is also dependent of other factors such as the wind. Nevertheless, for this study
it was considered as sufficient since it only would serve as an indication and taking other factors such
as wind into account would make this study to complex and broad. One could argue that the focus
could have lied more on the air quality data such as PM levels. This was also considered, however, at
the start of this study this data was not available for the whole of Indonesia. As well there are
implications considering that most of the measuring stations in Indonesia are located in urban areas,
meaning that air pollution from other sources such as traffic or industry could alter the data. Another
objection for the research based solely on this type of data is that the limited number and distribution
of these measuring stations. This makes it hard to generalize or to pinpoint exactly the results, since
the data of these measuring stations is also more susceptible for other variation in other factors such
as wind.
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7. Conclusion
Finally in the conclusion the main results are reviewed and the final recommendations made. This
study aims to identify the variety and extent of impacts of the fire and haze of 2015 on agricultural
productivity, focussing on Indonesia. For this, this research used of a wide array of data, ranging from
surveys among 103 Indonesian farmers, remote sensing data, statistical data on harvests and scientific
literature. In the following paragraphs the three sub-questions are answered by looking at the results
of chapter 3, 4 and 5. Taking into account these conclusions the main research question will be
answered.

I. How have the farmers in Central Kalimantan perceived the effects of the
fire and haze?
Chapter 3 showed that the farmers in the Kapuas district noted various effects of the fires. A majority
of the farmers have experienced from close by, either on their own land or that they have seen it in
the neighbourhood. Almost a third of the farmers believed that the fire and haze had a negative effect
on the quantity of the harvests and more than a quarter believed that it had negative effects on the
quality of the harvests. Furthermore, 43% perceived that the state of the plants was affected by the
fire and haze by being burnt or the colouring of the leaves. Also 43% believed that the fires had a
negative effect on the soil quality, mainly by acidification. More than 50% of the interviewed farmers
did link an increase in pests to the fire and haze. In particular caterpillars were seen more on the plants.
Around 20% of the farmers noted similar effects for other farmers in their neighbourhood, such as
plants dying, slower growth and a decline in production. Most of the farmers based these assumptions
on knowledge that they gathered by their personal experience. A quarter of the respondents said that
the received information from the government and 17% said that they obtained their knowledge from
other people in their community.
As a consequence of the fires 65% of all farmers reported that they have suffered economically due to
the fires. This was because harvests declined , were lost or because the haze impeded their work.
According to 28 farmers, the economic loss was 8.8 million IDR (€550) per farmer on average. The
differences for the harvests before the fires(before 2015) and after the fires (2015 and 2016) for
pineapples, paddy and for the total of the harvests is significant.
Not only did the farmers suffer from the fire and haze by means of their crops, also they suffered from
some health issues themselves. 70% of the farmers did suffer from minor respiratory problems, also
eye problems and more major respiratory problems as infections and asthma were relatively common.
These results of chapter 3 show that the effects of the fire and haze are very diverse for the farmers.
There is consensus between the farmers on that the haze has affected their health. In addition, most
farmers agree that the fire and haze have had effect on their productivity and that this lead to
economic losses. However, on how these effects were manifested opinions and perceptions varied.
The fact that most farmers based themselves on their own experiences could be a reason for this wide
variation. However, since they are the ones that observe the plants most closely. Therefore, their
observations may argue that more research is needed to prove or disprove their alleged causalities.
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II. How do the perceptions of the farmers relate to the literature on
respective topics?
In chapter 4 many theories presented by the farmers reviewed in and compared to scientific literature.
Firstly, it states that there is a relation between the drought related by the ENSO and a decline in
productivity. Furthermore, it presents the analyses on how the fires impact the burnt areas. Glauber
and Gunawan present in their report (2016) that large areas of farmland and plantations were burnt
in the whole of Indonesia, resulting in huge losses not only for the year of 2015 but for up to 5 years
after as well. The farmers that were interviewed express similar effects as mentioned in literature as
many of their perennial plants did burn, not only causing losses for that year but also limiting their
revenues in the future.
The haze caused by fires has different impacts on plants. It reduces the solar radiance reducing the
process of photosynthesis, and plant productivity. In addition to this smoke the affects stomatal
control mechanisms of plants impacting the gas exchange. This also reduces plant growth and causes
leaf necrosis and shoot death. Moreover, it is known that smoke exposure can change the taste of
fruits and that it may have an influence on fruit production and the fruiting patterns. The results from
that literature review do correspond with many effects mentioned by farmers, such as the falling and
yellowing of the leaves, the reduction of fruit production and the change of taste of some fruits.
It is more common among farmers in Indonesia to see an increase in insects and pests as a result of
fire. Yet, however pests can cause severe damages on the quantity and quality of the harvests, no
relation between pests and fires is found in the literature. Likewise, there is no literature on how fire
and haze have an influence on pollinators is peat swamp forests.
The effects of fire are complex with impacts aboveground as well as below ground. Less intense fires
may have positive effects on ecosystems, increasing plant available nutrients and reducing pests and
diseases. A more severe fire has the potential to alter a great number of processes in a system. It can
change successional rates, alter above- and belowground species composition, produce rapid or
decreased mineralization rates, alter C : N ratios, and ensue in subsequent nutrient losses through
accelerated erosion, leaching or denitrification. Specifically peat lands are sensitive for alterations in
soil composition after fires. Next to the effects on the soil that suffered from fire directly, through
water pollution by smoke and leaching, other parts of the ecosystem could suffer from reduced water
quality and acidification in an indirect manner. The farmers in the Kapuas district mentioned
acidification the most as an effect of the fire and haze on the soil. The health effects of the farmers do
also correspond with the effects found in other reports with larger pools respondents. Therefore the
theories of the farmers align with scientific literature. However, it is not safe to assign the acidification
of the soil completely to the fire since drainage of peat is also linked to acidification and soil
degradation.
The results of chapter 4 show that the perceptions of the farmers align with what is known in literature
on how fire on their land has influenced their agricultural activities and what economic consequences
it brought. In addition, many aspects of the impacts on plant production coincide with theories found
in scientific literature. However, the research on this topic is still limited and, therefore, it is impossible
to be able to ascribe the effects in detail and with certainty. Regarding the impact of fire on pests there
is incoherence with the perceptions of the farmers and with what the literature says about the topic.
This indicates a knowledge gap, where either more research is needed on this relation, or the farmers
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should be educated on the real reasons of the pest increase. It would be important to close this gap,
since farmers could take the right measures to adapt or mitigate to the pests correctly. Concerning the
impacts of fire and haze on soil, the literature agrees with the farmers that it leads to acidification, yet
also the impacts of peat drainage should be taken into account. Furthermore, the health effects
perceived by the farmers do correspond with the effects found in other reports. All in all it can be said
that the local ecological knowledge of the farmers does align and can be backed up by scientific
literature on many topics. However, more research is still needed to be able to allocate some effects
more precisely.

III. To what extent can the effects of the haze of 2015 be noted in the harvests
of different crops across Indonesia of that year?
Chapter 5 describes how the fire was distributed over Indonesia in 2015. The data from MODIS shows
that the fires were particularly active on the islands of Sumatra and Kalimantan. In total 3.42% of
Indonesia (75105 km²) suffered from the fire in the period of June to November of 2015. The daily
average concentrations of PM2.5 at provincial levels in Sumatra show that not only in 2015, but also
in 2014, the levels of PM2.5 were relatively high.
In this chapter also the productivity of agriculture is discussed. The productivity of agriculture has been
increasing in Indonesia for many years. Food crops have shown a more stable increase over the years,
while fruits and estate crops seem to show more fluctuations.
Combining the data of the productivity and the distribution of the fires several possible correlations
are analysed in chapter 5. There is a positive correlation for the relation between fire and the change
in productivity between 2014 and 2015 for cassava, insinuating that if there was more fire in a province
in 2015 the productivity of cassava was higher. There are also positive correlations for the relation
between fire and the change in productivity from 2013 to 2015 for maize and again cassava. A negative
relation was found for the productivity of coconut. No correlation was detected for estate crops and
the relation between fire and the change of productivity between 2013 and 2016. Regarding the levels
of PM2.5 and the change in productivity between 2013 and 2015 it has been found that there is a
negative relation for the productivity of peanuts and a positive relation for the production of papayas.
However significant correlations have been found, this does not mean that there is causality. This also
seems unlikely since there are positive and negative relations and there is no consistency among the
crops. Therefore it remains unclear if the haze had effects on the productivity by looking at the
variables used. To be able to prove that there is a causality between the fires and the productivity
more research would be needed. Research on the biological and physiological effects of the haze on
the plant productivity on single plants, as well as research looking at productivity on a larger scale using
more and more precise variables.

How have the fire and haze of 2015 affected the agricultural sector in
Indonesia?
This study identifies a variety of impacts of the fire and haze on agricultural productivity. The fires have
an effect on the agriculture on the local level. Farmers suffer from agricultural fields that were burn
down and in addition their declines in quantity and quality of their harvests caused by the haze. Haze
hampers the plant growth in various ways and alters the soil composition the soil quality. All these
effects lead to economic losses for the farmers.
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On a national level it already has been calculated what the effects were for the farmlands and
plantations that were burnt. On the other hand, the effects of the haze on a national scale are still
unclear since no clear causality could be detected for the variables that were used. However, since
there are indications by the farmers and the effects of haze on plants on a smaller scale are known
more research on the effects on agricultural productivity on a larger scale is recommended.
This study has contributed to the identification and examination of the effects on fire and haze on
agricultural productivity. These results show that the fire and haze affect the agricultural productivity
in multiple ways and provides indications to motivate further research on related topics, in particular
on to what extent the fire and haze influence this productivity.
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Appendices
Appendix A
SURVEI DAMPAK KEBAKARAN HUTAN DAN LAHAN TERHADAP PRODUKSI
BUAH-BUAHAN DI KABUPATEN KAPUAS

No. Responden
Nama
Umur
Jenis Kelamin
Desa
I.

II.

:
:
:
:
:

................................
................................
................................
...............................
...............................

Berapa luas lahan yang Bapak/Ibu miliki ?
......................................................................................................................
......................................................................................................................
......................................................................................................................
............
Jumlah panen Tanaman Buah-buahan
No.

Jenis Tanaman

Jumlah Panen Per
Tahun
(Normalnya)

Jumlah Panen
Tahun 2015

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
III.

Dampak kabut asap terhadap produksi buah-buahan
1. Apakah di desa anda terjadi kebakaran hutan dan lahan pada tahun 2015 ?
a. Ya, luas ± ........................
b. Tidak
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2. Apakah lahan yang anda miliki ada yang terbakar pada tahun 2015 ?
a. Ya
b. Tidak
3. Apakah kabut asap akibat kebakaran yang terjadi di tahun 2015 berpengaruh
terhadap tanaman-tanaman di lahan Bapak/Ibu?
a. Ya, pengaruhnya adalah
- Jumlah panen :
- Kualitas buah :
- Kondisi tanaman:
- Kondisi lahan :
- Serangan hama saat kabut asap :
b. Tidak
4. Seberapa besar kerugian yang bapak/ibu alami akibat kabut asap tersebut
terhadap hasil pertanian (Kg atau Rp)?
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
5. Apakah Kabut asap ini juga berpengaruh terhadap tanaman-tanaman petanipetani lainnya ?
a. Ya, jenis tanaman yang terkena dampak kabut asap adalah
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.................................................................................................................
.......................................................................................................
b. Tidak
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6. Apakah Bapak/Ibu pernah diberikan penyuluhan terkait kebakaran hutan dan
lahan, pengelolaan lahan tanpa dibakar ataupun penyuluhan lainnya baik itu oleh
instansi daerah ataupun Swasta ?
a. Ya, penyuluhan / pemberian informasi oleh
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
..................................................................................................................
......................................................................................................
7. Apakah akibat dari kabut asap ini Bapak/ibu mengalami gangguan kesehatan?
Jika iya kesehatan apa yang terganggu ?
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
.....................................................................................................................
8. Apakah orang-orang lainnya juga mengalami gangguan kesehatan akibat kabut
asap tersebut ? jika iya kesehatan apa yang terganggu ?
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
........................
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Appendix B
All the harvests of all the crops cultivated by the interviewed farmers in the Kapuas district, including
the differences in harvest before and after the fire.

Crops
Leek
Banana
Katuk
Tomato
Sengon
Cempedak
Durian
Onion
Jackfruit
Eggplant
Cucumber
Watermelon
Chili
Cassava
Rambutan
Pineapple
Oilpalm
Rubber
Paddy
Grand Total

Number of
farmers of
each crop
1
1
1
1
1
1
1
1
2
2
2
2
3
4
11
13
14
24
52
137

Sum of
normal
Sum of harvest
harvest in kg after the fire in
Differences in
Differences in
(before 2015) kg (2015/2016)
KG
%
7
5
-2
-29%
500
300
-200
-40%
240
120
-120
-50%
500
500
0
0%
800
800
0
0%
500
500
0
0%
240
240
0
0%
500
500
0
0%
350
400
50
14%
580
550
-30
-5%
580
550
-30
-5%
45000
11000
-34000
-76%
560
565
5
1%
31060
31037
-23
0%
41405
29604
-11801
-29%
53915
45802
-8113
-15%
54570
47510
-7060
-13%
430196
221301
-208895
-49%
104695
51485
-53210
-51%
766198
442769
-323429
-42%
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Appendix C
Percentage of area of province reflecting as having experienced fire at least once in the period of June
to November 2015 based on modification of the MODIS MOD14A2 data modified in ArcGIS..

Province

BALI
ACEH
YOGYAKARTA
SUMATERA UTARA
IRIAN JAYA BARAT
KALIMANTAN UTARA
SUMATERA BARAT
KEPULAUAN RIAU
JAWA TENGAH
JAWA BARAT
BENGKULU
BANTEN
PAPUA
MALUKU
JAWA TIMUR
SULAWESI SELATAN
SULAWESI TENGAH
KALIMANTAN BARAT
SULAWESI UTARA
SULAWESI TENGGARA
LAMPUNG
SULAWESI BARAT
JAKARTA RAYA
NUSA TENGGARA BARAT
GORONTALO
INDONESIA
NUSA TENGGARA TIMOR
RIAU
KALIMANTAN TIMUR
MALUKU UTARA
BANGKA-BELITUNG
JAMBI
KALIMANTAN TENGAH
KALIMANTAN SELATAN
SUMATERA SELATAN
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Percentage of
area of province
on fire
0.05%
0.14%
0.19%
0.33%
0.43%
0.49%
0.51%
0.66%
0.84%
1.04%
1.14%
1.19%
1.76%
1.83%
1.85%
2.13%
2.54%
2.56%
2.91%
2.95%
3.00%
3.07%
3.11%
3.32%
3.36%
3.42%
3.99%
4.18%
4.25%
4.37%
5.70%
6.37%
8.76%
8.87%
12.49%

Appendix D

Percentage of change in
productivity

Scatterplots of the correlation between the area covered by fire and the change in productivity
between 2014 and 2015.

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of paddy per province

Paddy
R-value: -0.018
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R-square: 0.000

10,0%
0,0%
0,00%
-10,0%

2,00%

4,00%

6,00%
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10,00% 12,00% 14,00%

N: 35

-20,0%
-30,0%

percentage of fire

Percentage of change in productivity

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of maize per province

Percentage of change in productivity

Significance: 0.917

Maize

60,0%

R-value: 0.034

50,0%

R-square: 0.001

40,0%
30,0%

Significance: 0.849
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4,00%
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12,00%

14,00%

percentage of fire

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of soy bean per province
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Significance: 0.532
N: 33

percentage of fire
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Percentage of change in productivity

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of penaut per province

Peanut
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Percentage of change in productivity

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of mung bean per province

Percentage of change in productivity

Significance: 0.365

Mung bean
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R-value: 0.147
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R-square: 0.021
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Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of cassava per province

Cassava

60,0%
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40,0%
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Significance: 0.006
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12,00%

14,00%

N: 34

Percentage of change in productivity
Percentage of change in productivity
Percentage of change in productivity

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of sweet potato per province

Sweet potato
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Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of oil palm per province

Oil Palm
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Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of rubber per province

Rubber
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Percentage of change in productivity

Percentage of change in productivity

Percentage of change in productivity

Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of coconut per province

Coconut
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Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of coffee per province
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Relation between percentage of area covered
by fire and change in productivity between
2014 and 2015 of cacao per province
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Cacao
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percentage of fire
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Percentage of change in production

Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of watermelon per province
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Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of melon per province
10000,0%
8000,0%

Melon

6000,0%

R-value: 0.063
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Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of mango per province
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N: 34

Percentage of change in production
Percentage of change in production
Percentage of change in production

Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of oranges per province

Oranges
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Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of papaya per province
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Relation between percentage of area covered
by fire and change in production between
2014 and 2015 of banana per province
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Percentage of change in production

Relation between percentage of area covered
by fire and change in production between 2014
and 2015 of rambutan per province
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Relation between percentage of area covered
by fire and change in production between 2014
and 2015 of durian per province
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Relation between percentage of area covered
by fire and change in production between 2014
and 2015 of pineapple per province
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12,00%

14,00%

Appendix E

Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of paddy per province

percentage of change in productivity

Paddy
R-value: -0.096

40,00%

R-square: 0.009

20,00%
0,00%
0,00%
-20,00%

Significance: 0.582
2,00%

4,00%

-40,00%

percentage of change in
productivity

percentage of change in productivity

Scatterplots of the correlation between the area covered by fire and the change in productivity
between 2013 and 2015.
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of maize per province

Maize
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of soy bean per province
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10,00%

12,00%

14,00%

Significance: 0.855

N: 33

percentage of change in
productivity

Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of peanut per province

Peanut
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of mung bean per province
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of cassava per province
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N: 34

Sweet potato
R-value: 0.299
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of sweet potato per province
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of oil palm per province

Oil palm
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of rubber per province
Rubber
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N: 27

percentage of change in productivity
percentage of change in productivity
percentage of change in productivity

Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of coconut per province
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of coffee per province

Coffee
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2015 of cacao per province
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N: 33

percentage of change in production
percentage of change in production
percentage of change in production

Relation between percentage of area covered
by fire and change in production between 2013
and 2015 of watermelon per province

Watermelon
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Relation between percentage of area covered by
fire and change in production between 2013
and 2015 of melon per province

Melon
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Relation between percentage of area covered by
fire and change in production between 2013
and 2015 of mango per province
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of oranges per province

Oranges
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of papaya per province

Papaya
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of banana per province

Banana
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of rambutan per province

Rambutan
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of durian per province
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Relation between percentage of area covered by
fire and change in production between 2013 and
2015 of pineapple per province

Pineapple
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Appendix F

percentage of change in productivity

percentage of change in productivity

percentage of change in productivity

Scatterplots of the correlation between the area covered by fire and the change in productivity
between 2013 and 2016.

Relation between percentage of area covered by
fire and change in productivity between 2013
and 2016 of oil palm per province

Oil palm
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Relation between percentage of area covered by
fire and change in productivity between 2013
and 2016 of rubber per province

Rubber

50,00%
0,00%
0,00%
-50,00%

Significance: 0.605

R-value: -0.036
2,00%

4,00%

6,00%

8,00%

10,00%

12,00%

14,00%

R-square: 0.001
Significance: 0.860

-100,00%

N: 27

-150,00%

percentage of fire

Relation between percentage of area covered by
fire and change in productivity between 2013
and 2016 of coconut per province
80,00%

Coconut

60,00%

R-value: -0.298

40,00%
20,00%
0,00%
0,00%
-20,00%
-40,00%

R-square: 0.089
2,00%

4,00%

6,00%

8,00%

percentage of fire

71

10,00%

12,00%

14,00%

Significance: 0.087
N: 34

percentage of change in productivity
percentage of change in productivity

Relation between percentage of area covered by
fire and change in productivity between 2013 and
2016 of coffee per province
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Relation between percentage of area covered by
fire and change in productivity between 2013 and
2016 of cacao per province
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Appendix G

Percentage of change in productivity

Percentage of change in productivity

Percentage of change in productivity

Scatterplots of the correlation between the average daily concentrations of PM2.5 of 2015 and the
change in productivity between 2013 and 2015.

Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of paddy per
province
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R-value: -0.004
R-square: 0.000

10,00%

Significance: 0.991

0,00%
0

10

20

30

40

50

60

70

80

90

N: 10

-10,00%
-20,00%

Average daily concentrations of PM2.5 of 2015

Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of maize
per province
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Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of soy bean
per province
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Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of peanut
per province

Peanut
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Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of mung
bean per province

Mung bean
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Relation between the average daily
concentrations of PM2.5 of 2015 and change in
productivity between 2013 and 2015 of cassava
per province

Cassava
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of sweet potato per
province

Sweet potato
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of oil palm per province
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of rubber per province
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of coconut per province

Coconut
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of coffee per province

Coffee
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in productivity
between 2013 and 2015 of cacao per province
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of watermelon per
province

Watermelon
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of melon per province

Melon
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of mango per province
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of oranges per province

Oranges
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of papaya per province

Papaya
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of banana per province
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of rambutan per province

Rambutan
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of durian per province

Durian
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Relation between the average daily concentrations
of PM2.5 of 2015 and change in production
between 2013 and 2015 of pineapple per province
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