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ABSTRACT
This master thesis in geography investigates how remote sens-
ing can be used in Transnational Corporations (TNC) global 
Corporate Social Responsibility (CSR) initiatives. The study 
aims to delineate an accurate method in remote sensing to be 
used to monitor deforestation in global value chains. Research 
questions asked are 1) What are the current monitoring practises 
used by TNCs to monitor global value chains? 2) Which is the 
most user-friendly and accurate remote sensing technique to 
map deforestation? 3) How can remote sensing successfully be 
implemented in TNCs CSR-initiatives? The study is approached 
from two perspectives, building on theories of value chains, and 
qualitative methods to answer the first research question. While 
the second question is a method study, investigating how well a 
spectral approach versus a contextual approach can map deforest-
ation in Landsat scenes. The results are compared with Global 
Forest Watch (GFW), and the highest accuracy were acquired 
from the WICS (Window Indipendent Context Segmentation) 
technique. Conclusions includes that remote sensing can be used 
in CSR initiatives, to establish a baseline level or as a fifth dimen-
sion in a score sheet approach. However, inconclusive mapping of 
value chains are a big hinder today.  

Keywords: CSR, Remote Sensing, Sustainability, Value chains, 
Deforestation Global Forest Watch, NDVI, WICS.
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SUMMARY
This master thesis in geography investigates how well remote 
sensing technology can be used as a tool to monitor global value 
chains, in order to meet the 2014 UN New York Declaration goals 
on deforestation. It approaches the field of study from two angles, 
first by mapping current trends within CSR and monitoring 
practices as well as views from CSR-professionals and literature. 
The second part is a method study where three different tech-
niques of delineating degraded forest areas are being compared. 
The methods investigated are Hansen’s (et.al. 2013), which is the 
base in Global Forest Watch, NDVI (Normalized difference veg-
etation index) and WICS. The results from the study shows that 
all three methods classify different areas as forest and as degraded. 
For comparative reasons one study area is located in Sri Lanka and 
the other one in Indonesia. To determine accuracy of the results 
a field verification was carried out in Sri Lanka, in which WICS 
and Hansen outperformed the NDVI approach. Differences in 
producers and users accuracy implies that Hansen overestimate 
areas classified as forest, while the opposite holds true for WICS. 
Remote sensing has a great potential to be used as a measurement 
EPI (Environmental Performance Indicator) in scoresheets or 
audit practices, however the first step to get there is for companies 
to fully map their value chains all the way down to the tiers where 
extraction of raw materials occurs.
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1. INTRODUCTION
This thesis project consist of two studies, being linked to-
gether in the discussion. The following introduction de-
scribes the problem at hand, and the potential of remote 
sensing to be used in CSR practices as a monitoring tool. 
The following section is meant to describe the problem at 
hand, by introducing the critical aspects of global deforest-
ation, monitoing practises and remote sensing. It attempts 
to link these parts together and contextualise them in two 
study sites, one in Sri Lanka and one in Indonesia.
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Global deforestation affects all dimensions of sustainability. 
(Seuring, 2013; Corbett. DeCroix and Ha 2005; Dyllick and 
Hockers, 2002) The loss of natural capital due to land use for 
primary production and processing activities, is estimated to 
annually cost the global economy $1.8 trillion. (CDP, 2013)  
Conserving tropical forests can help to avoid extensive green-
house gas (GHG) emissions, loss of biodiversity and provision 
of income generating and subsistence based forests dependant 
livelihoods. It would be one of the most cost effective climate 
solutions today, while at the same time contributing to economic 
growth and poverty alleviation. Many agricultural commodities, 
such as palm oil, beef, soybean and rubber are associated with high 
deforestation rates. (Newton, Agrawal & Wollenberg, 2013) UN 
(2014) estimates that commodity production accounts for 50% of 
global deforestation. 

The New York Declaration on Forests established on the UN 
climate summit in September 2014 is a declaration that aims to 
reduce natural forest loss with 50% by 2020 and to end it by 2030. 
Besides a dozens of governments, civil society and indigenous 
organizations the declaration is also endorsed by 30 of the worlds 
biggest companies. The declaration highlights the importance of 
acknowledging and helping global companies to meet their goals 
of eliminating deforestation from their value chains. (UN, 2014)

Companies are stepping up to the responsibilty of working to-
wards sustainable sourcing, there are however, no good method or 
tool to measure this by. According to Lim & Phillips (2008) even 
third party audits is not accurate enough, so how can companies 
keep track of their 3:rd and 4:th tier suppliers? With the UN 
Declaration on forests companies have a clear goal to strive for, 
there is however a general lack of methods to measure the progress 
by. The main issues are a lack of transparency in supply chains, 
along with resource dependent and biased audit procedures. To 
send staff to audit suppliers are costly as well as subjective, moni-
toring illegal deforestation through audits might therefore not be 
able to provide the desired temporal frequency. Remote sensing 
has the potential to overcome the latter by frequent analysis of 
forest status in places companies value chains are active in. An 
additional benefit with remote sensing is that it is easily summed 
up and presented through statistics and in maps, which would 
make it easier to determine the rate of deforestation. 

On the 20th of February 2014 World Resource Institute (WRI) re-
leased their free online software, Global Forest Watch, which they 
hope will help keep track of what is happening to global forest cover, 
through monthly updates of remotely sensed satellite images. The 
tool and dataset is free for anyone with a computer and an Internet 
connection to use. (Butler 2014) GFW commodities are a platform 
that builds on the regular GFW platform, with an outspoken 
business focus. What differentiate commodities from the regular 
GFW platform are additional features tracking concessions, mills, 
valuable peat lands as well as providing the ability to locate suitable 
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land for expansion. (GFW, 2014) Thereby making it suitable for 
transnational companies (TNCs) to use. It is however important 
to determine what forest is and how it is measured. Should it be 
defined in terms of land cover, and calculated by canopy height, 
types of trees or canopy cover, or should it be defined in terms of 
land use calculated by the surronding context?

The data behind the GFW platform for Indonesia and Sri Lanka 
are based on Hansen’s (et.al. 2013) dataset which analyses tree 
cover density, taller than 5m, in Landsat scenes. (Butler, 2014) 
This method can, as discussed by Margono (et.al. 2014) over-
estimate forest cover by including, for example, plantations as 
forest.  Secondary data in GFW commodities builds on FORMA 
alerts, which send out warnings of where illegal deforestation 
occurs, based on MODIS NDVI data with a spectral resolution of 
500m*500m. The low spatial resolution reduces the level of details 
and therefore runs the risk of missing on the ground phenomenon 
smaller than the pixel.

When the spectral signatures resembles one another a spectral 
classification literally misses the forest for all the trees, meaning 
that it focuses on pixels and misses the objects. This thesis project 
attempts to delineate an accurate and user-friendly unsupervised 
technique, to map deforestation in global value chains, to be 
used as a tool in supplier monitoring practices in corporate social 
responsibilities initiatives. In this project deforestation is defined 
as the removal or degradation of natural forest cover, and natural 
forest cover are considered in the aspect of land use rather than 
land cover. Implying that areas can spectrally simulate forest, such 
as homegarden areas, but that does not qualify these areas to be 
classified as forest. A method study comparing different classifica-
tion techniques is therefore conducted, and accuracy is calculated 
in order to determine reliability and validity of the techniques.

The goals set up in the UN declaration on forests (2014) for TNCs 
should be clear, quantifiable and reduce deforestation in their sup-
ply chains. It further states that companies should evaluate their 
deforestation footprint in their value chains. According to Lim 
& Phillips (2008) and O´Rourke (2000) traditional monitoring 
practices are either not accurate enough or to costly to perform. In 
light of this GFW commodities were developed to help companies 
assessing risks in their value-chains, and make sure that suppliers 
are complying with sustainable sourcing policies. Margono (et.al 
2014) did however prove that GFW overestimates forest cover. 
Therefore this thesis project aims to investigate if there is a more 
accurate method in remote sensing (RS) to help companies mon-
itor their global deforestation footprint and meet the goals of the 
declaration. 

The aim of this study is to investigate how well companies global 
use of remote sensing technology can contribute to reach the goals 
of the 2014 UN Declaration on Forests by creating sustainable 
value chains. The point of departure is that companies monitoring 
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and self-auditing processes has a lot to gain in efficiency and accu-
racy from using remote sensing technology. 

More specific research questions are:

• What are the currently, by transnational corporations, used 
monitoring practices related to upstream CSR?

• Which remote sensing technique provides the most accurate 
and user-friendly approach to monitor local changes in 
forest cover? (A comparison between Hansen’s (et.al. 2013) 
Dataset with an NDVI approach on Landsat data and a 
Window Independent Context Segmentation (WICS) 
approach)

• How can this approach successfully be implemented in CSR 
initiatives as a tool for supplier monitoring and thereby 
provide a valuable instrument in reaching the UN 2014 
Declaration on Forests.

The two approaches are covered by the research questions, where 
the first one is related to CSR practises and investigated by a 
literature review as well as results from participating in a supply 
chain conference. The second research question address the tech-
nical aspects of remote sensing, this is necessary since a method 
would be irrelevant if not accurate. Lastly, the findings from 
these questions are combined in the discussion, answering the 
third research question. The disposition of the study starts with a 
background, explaining general trends and properties of the study 
areas, as well as discussing deforestation and GFW. After that a 
theory part follows, approaching the logic behind upstream CSR 
by starting wide, narrowing in on monitoring practices. Since the 
remote sensing technique is a method study it is discussed under 
the method section, which will start with a brief background of 
electromagnetism and sensors to explain how remote sensing 
works. The result part is also split in two, interview and obser-
vation results covering value chain management, and results and 
accuracy assessment of the remote sensing classifications. Lastly 
the research questions are used as a guide for the discussion, and 
this is where the two approaches are merged.

1.1. STUDY AREAS
The studyareas were chosen after studying GFW and are based on 
the layer of existing nature conservation areas and areas mapped 
as degraded by GFW. Both sites are located in tropical areas for 
the purpose of capturing the spectral signatures of tropical forest. 

The two areas are selected based on known existing attributes, for 
Indonesia it is mainly for comparative reasons between GFW data 
based on Hansen (et al. 2013) and FORMA alerts and the frequent 
prevalence of industrial plantations. While the main reason for 
choosing the Sri Lanka site is the prevalence of homegarden areas, 
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a common agroforestry system which is not classified as forest 
in Sri Lanka. This type of landuse similate forests in the spectral 
signature and a pre-study illustrated difficulties in delineating this 
type of land use from forest.

1.1.1. SRI LANKA

Figure. 1 visualizes the geographic location of the Sri Lanka study 
site, the area covers 3567.68 km2 of Sri Lanka’s total land area of 65 
610 km2. The total population of Sri Lanka is approximately 21.3 
million, with 85% living in rural areas. The south/central part of 
the country is mountainous, surrounded by vast coastal plains. 
Two major monsoon periods dominates the climate; the south-
west monsoon ranges from May to September, and the northeast 
monsoon from December to February. Sri Lanka is pursuing social 
development and reconstruction, after the civil war that ended 
in 2009, initiatives includes infrastructure and technology and 
aims to reduce poverty by policies and incentives for the private 
sector to invest in agriculture. (CIA, 2014) The agricultural sector 
employs 33% of the labour force, while only contributing with 
12 percent of GDP, the service sector is the largest contributor to 
GDP with 58% and employs 41% of the labour force, while the 
industrial sector employs 26% and contributes with 30% of GDP. 
(Näsström & Mattsson, 2011) Sri Lanka’s agricultural export con-
tributed with 25% of the total value of export in 2010, for 2012 
this was down to 22%, mainly due to a general decrease in export 
as well as a large increase over all sectors in 2011. (EDB, 2014)

Forest and wildlife conservation areas accounts for approximately 
31% of the total land area, while agricultural land covers 35%, 
the remaining 34% is a combination of urban areas, pasture, 
grass and tea plantations. (FAO, 2009) Between 1990-2010 Sri 
Lanka suffered from an average annual deforestation rate of 
approximately 1%. According to Bandaratillake and Fernando 
(2003) the main causes for deforestation are shifting cultivation, 
timber production, weak national land-use policies and illegal 
encroachment on state forests. homegarden areas are significantly 
contributing to household income as well as providing food and 
material products. (Perera and Rajapakse, 1991; Pushpakumara 
et.al. 2010) According to Fernandes and Nair (1986) and Perera 
and Rajanakse (1991) the average size ranges between 0,05ha to 
2,5ha, while covering approximately 15% of the total Sri Lanka 
land area. (MFE, 1995) 

1.1.2. INDONESIA

Indonesia is located in South-East Asia and has a total land area 27 
times as large as Sri Lanka’s, with 1 811 569 km2. The location of 
the study area is shown in Figure. 2, and the size of the study area 
is 2794km

2
. Population wise Indonesia is the fifth most populated 

country in the world with a total population of 253 609 643, of 

Figure. 1 Location of 
studyarea in Sri 
Lanka, in red 
(Näsström, 2015) 
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which approximately 50% is living in urban areas. The terrain is 
mainly made up of coastal lowlands, although larger islands have 
interior mountains. Climate is tropical, hot and humid in the 
lowlands while the highlands are more moderate. (CIA, 2014)

Indonesia struggles with poverty unemployment, and corruption 
but since 2010 they had a strong financial growth. The agricultur-
al sector accounts for 14% of the Indonesian sectorwise GDP split, 
the industry sector 46% and service sector 39%. The sectorwise 
employment ratios are 39% of the labour force works in agri-
culture, 13% in manufacturing industry and 48% in the service 
sector. (CIA, 2014) The bulk part of the Indonesian export, in 
2013, is made up of manufactured goods (37%). Food items, agri-
cultural raw materials, ores and metals together add up to 30% of 
total export, approximately equivalent to the contribution from 
fuels. (UNCTADSTAT, 2013)

In Indonesia agricultural land covers approximately 31% of the total 
land area, for forest the figure is 51% and other land use cover 17%. 
(FAO, 2014) They have the third largest area of tropical rainforest 
in the world, deforestation rates are however high, and according 
to Margono (et.al. 2014) they superseded Brazil now having the 
highest deforestation rates in the world (0,84Mha annually). 
Between 2000-2012 a total of 6.02 million hectares of primary 
forest was cut down in Indonesia. Conversion of natural forest 
to non-forest use is commonly prevalent, however conversion of 
natural forest in benefit of commercially managed plantations, 
for example oil palm, is becoming increasingly more common. 
Another prevalent trend is the conversion of carbon rich peat lands 
into agro-industrial land-use. The most common agricultural 
products are rubber, palm oil, forest products and poultry. In fact, 
Indonesia is the world’s largest palm oil producer, approximately 
9% of that is certified by the RSPO (Round Table on Sustainable 
Palm Oil) (ZSL, n.d.) According to CDP (2013), weak legislation 
and corruption are major causes for deforestation in Indonesia. 

Figure. 2 Locatiotn of study area in Indonesia, in red. (Näsström, 
2015)



22

Reaching the 2014 New York Declaration on Forests Goals, using satellites to monitor global value chains

1.2. DEFORESTATION
WWF (2015) defines deforestation as a process where natural for-
ests are cleared through logging or burning, to utilize the timber 
or the land. 

On a global scale approximately 80% of the documented species 
can be found in tropical rainforests (WWF, 2015; UN, 2014), 
since deforestation leaves wildlife more vulnerable due to depri-
vation of habitats it is a threat for biodiversity. 

According to UN (2014) forests play a key role in supporting 
biodiversity and carbon sequestering and WWF (2015) blames 
deforestation for 15% of global greenhouse gas emissions. Due to 
forests ability to absorb and store carbon dioxide it act as a natural 
reservoir for greenhouse gas emissions (GHG). When cut down 
the stored CO2 is released into the atmosphere, and a source for 
future carbon storage is destroyed. (WWF, n.d.) UN (2014) states 
that conservation is one of the most cost effective climate solutions 
today, and actions taken to restore, conserve and manage forests 
can contribute to economic growth, food security, poverty alle-
viation and biodiversity conservation among other things. The 
reduction of trees might also lead to a disrupted water cycle, since 
they wont be there to evaporate groundwater the local climate 
will be drier. Reduced coverage of trees and on the ground leaves 
will also lead to increased runoffs and thereby soil erosion. 

According to WWF (2015a) forests covers approximately 31% of 
the total global land area, and are providing a home to 300 million 
people worldwide, and over 1.6 billion people depend on forests 
for water, medicines, fuels and livelihoods (UN, 2014) If the forest 
is cleared their possibilities to meet basic needs will be taken from 
them.

In spite of this, 12-15 million hectares are annually deforested 
globally, (WWF, 2015) UN (2014) estimates that commodity 
production roughly contributes to 50% of that. Other, smaller, 
contributors are for example infrastructure, urban sprawl, fuel 
wood collection and mining. The loss of natural capital due to land 
use for primary production and processing activities is estimated 
to annually cost the global economy $1.8 trillion. (CDP, 2013) 
Many agricultural commodities, such as palm oil, beef, soybean 
and rubber are associated with high deforestation rates. Areas 
cultivated by these crops have increased in the last two decades, 
with a growing global population and increasing per capita food 
consumption this trend will likely keep growing. This will put 
great pressure on remaining forested areas, and conservation of 
them will therefore be of great importance. (Newton, Agrawal & 
Wollenberg, 2013)

Initiatives to reduce deforestation that has been successful so far 
include Brazils reduction of deforestation by 71% since the 1996-
2005 average, while increasing the agricultural production and 
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rural income at the same time. Indonesia is using reforms and land 
use policies to strengthen land rights to reach the goal of reducing 
GHGemissions by 26% by 2020. On the business side several 
companies have made commitments to zero-deforestation in pro-
duction and supply chains as well as zero conversion of peat-lands, 
which are very rich in carbon stocks. One of the actors involved is 
the Consumer Goods forum, a global alliance of 400 companies. 
In an attempt to increase collaboration between different actors 
the Tropical Forest Alliance are gathering governments, civil so-
ciety organizations and companies to reduce deforestation in the 
supply chains.(UN, 2014) Discrepancies between what corpora-
tions communicate externally and what is actually done exists 
however. One example of that is reported by Cannon (2015), who 
describes how United Cacao set up shop and cut down more than 
2000 ha primary closed canopy forests in Peru while at the same 
time claiming they wanted to change the industry for the better. 
They claim the land had been used for farming since the 1990s, 
however, a group of scientist used Landsat imagery to monitor 
the deforestation, and claims there is no doubt that United Cacao 
are responsible for the deforestation of primary forest in this area. 

A problem discussed by Talocchi (2014) is that companies fail to de-
fine what deforestation is. However trivial it might seem, Talocchi 
illustrates the implications by using General Mills as an example. 
Their first palm oil sourcing policy was published in 2010, and 
supported a moratorium on the destruction of high-conservation 
value forests and high-carbon value landscapes. This was based on 
RSPO, and they did not define what high carbon value landscapes 
was, and thereby failed to enforce the policy. In 2014 they released 
a revision, strengthening their approach, but instead of using a 
standardized definition, such as HCS (High Carbon Stock) as ad-
vocated by Talocchi, they call for development of new definitions, 
and while these are being defined, deforestation can continue.

1.3. UN 2014 NEW YORK 
DECLARATION ON 
FORESTS

In September 2014 governments, companies, NGOs, groups of 
indigenous people and sub national governments all signed the 
New York Declaration on forests, which is a non-legally binding 
political declaration. (UN, 2014) It adopts a global timeline to 
cut global forest loss in half by 2020, and aim to end it by 2030. 
Additional goals calls for restoration of large deforested areas, and 
to support and help the private sector in eliminating deforestation 
from their production and supply chains, as far down as 3rd tier 
suppliers. If the goals are met, it would result in a reduction of 
4.5-8.8 billion tons of carbon pollution per year.
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The commitments of the UN New York Declaration (2014), 
agreed upon by the signing actors, are summarized and listed 
below. 

• By 2020 the rate of deforestation of natural forest should 
be halved, and actors should work towards seizing natural 
forest deforestation by 2030.

• Support the private sector in eliminating deforestation 
from agricultural commodity production by 2020, while 
recognizing more ambitious targets by many companies. 

• Support equitable and sustainable alternatives to livelihood 
driven deforestation.

• The restoration of 150 million hectares of degraded 
landscapes and forestlands by 2020, while thereafter increase 
the rate of restoration and restore 200 million hectares 
additionally by 2030.

• Include goals for quantitative forest conservation and 
restoration for 2030 in the post-2015 global development 
framework, as a part of new global development goals. 

• A concrete goal is to agree in 2015 to reduce emissions from 
deforestation and degradation in line with internationally 
agreed rules and the 2°C climate goal. 

• Reward actors that reduce forest emissions by taking action, 
includes countries implementing policies etc. 

• To strengthen national laws, policies and governance while 
acknowledging the rights of indigenous people.

Although many things are done, UN (2014) points out that the 
actors involved have to do much more in order to meet the goals 
of the New York Declaration on forests. 

Actions for different stakeholders are discussed, and summaries 
of the relevant suggestions for the actors relevant in this study are 
presented below. 

For governments suggested actions includes:

• To put forward climate mitigation contributions, or to 
generate demand by REDD+ or financing reductions in 
forest emissions themselves. Another effective strategy could 
be to align economical incentives for forest conservation. 

• More practically policies and legal framework to protect and 
manage natural forests should be implemented, as well as 
redirecting agricultural expansion to already degraded land. 

• It is also important that the rights of indigenous people are 
acknowledged, as well as including them in the conservation 
process. Where land rights are unclear, it should be clarified 
to provide land security and thus strengthen community 
involvement and management of common areas. 

• Supporting smallholders with technical expertise for more 
sustainable management and to support development of 
alternative sources of income for those relying on forest 
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resources. 

• It is further suggested that governments should use satellite 
imagery and on the ground surveys in order to monitor 
illegal deforestation and degradation. 

• Lastly governments should stop importing commodities 
that contributed to illegal deforestation, educate citizens in 
responsible consumption as well as promoting procurement 
systems that focuses on sustainability.

For companies and business associations some of the suggestions are: 

• They should commit to eliminating deforestation from 
supply chains, collectively and as soon as possible and 
implementing the highest standards possible for forest 
conservation and management. Also to be careful not to 
expand onto carbon rich peat land as well as to protect 
human and land rights.

• On a broader scale they should commit to transparency and 
traceability in supply chains.

• Collaborate with other actors to strengthen current stand-
ards defining sustainable sourcing. 

• Focus their procurement in countries that represents thesame 
values, and that works with reducing national deforestation.

• Committing to goals that are clear and quantifiable to 
reduce emissions in their supply chains, as well as promoting 
actors for sustainable action. 

• Lastly it is important to evaluate the deforestation footprint 
in the value chain, and actively work with it to stimulate 
innovation and to create transparency.

Actions suggested for multilateral institutions includes:

• To act from a supportive role to partner countries, assisting 
with capacity building, policy implementation and climate 
financing to address forest degradation and deforestation. 

• To deliver result based REDD+ payments by testing forest 
and land use systems and investments. 

• Collaborate with private sector and together scale up 
sustainable supply chains and land-use practices.

• Providing an integrated platform of services using instru-
ments of the UN, World Bank or other relevant organiza-
tion to help facilitate implementation of REDD+ at scale. 

Together with indigenous peoples and civil society these institu-
tions can:

• Collaboratively work to strengthen policies and decisions on 
a global level

• Reward national and regional approaches to reduce 
deforestation that aligns provisions by REDD+ with private 
sector investments.

• Develop and implement sustainable criteria’s for commodity 
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sectors, as well as other sectors affecting forest stands. 

• Support dynamic information-based platforms for monitor-
ing and shared implementation of government and private 
sector forest conservation and restoration commitments.

1.4. GLOBAL FOREST WATCH
Companies are stepping up, working towards sustainable sourcing, 
there is however, no good method or tool to measure this by. 
According to Lim & Phillips (2008) even third party audits is not 
accurate enough, so how can companies keep track of their 3:rd and 
4:th tier suppliers? On the 20th of February 2014 WRI released 
their free online software, GFW, which they hope will help in 
keeping track of what is happening to global forest cover, through 
monthly updates of remotely sensed satellite images. The tool and 
dataset is free for anyone to use, and available online. (Butler 2014) 

So far the program is in a BETA mode, and focused on Indonesia, 
which is one of the biggest palm oil producers globally, and where 
weak legislation and corruption been causing illegal deforesta-
tion. (CDP, 2013) Figure. 3 on page 26 shows concessions in 

Figure. 3 Plantations in the Indonesian study site, registered by 
GFW (n.d.). 
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the Indonesian studyarea as presented by GFW commodoties, 
Table. 1 on page 27 present the metadata about the companies 
responsible for the concessions, what they do and certification 
status. This example serves in illustrating that it is possible to track 
individual suppliers in Indonesia, and when GFW commodities 
are officially launched it will be globally.  

According to GFW (n.d) the platform can help businesses to; 

• Use data on consessions, forest change and mills to assess 
risks in the supply chain.

• Verify that commodity suppliers comply with deforestation 
free sourcing policies.

• Identify issues in real time

• Evaluation and demonstration of compliance with sustaina-
bility certifications and standards. .

1.4.1. CONCESSIONS

The GFW platform builds on Hansen’s (et.al, 2013) dataset that 
analyzed over 650 000 Landsat scenes at a pixel resolution of 30m. 
Although this is a praiseworthy attempt, the data should not be 
used without considering the metadata and the method used. 
Margono (et.al. 2014) uses the results from Hansen’s dataset over 
Indonesia to disaggregate primary forest and non-primary forest 
loss. Key findings of the study are that 38% of the by Hansen 
reported forest loss in Indonesia between 2000-2012 occurred 
within primary forests. Compared to the Indonesian ministry of 
forestry’s figures for deforestation between 2009-2012 Hansen’s 
dataset reports almost three times as high figures. Forest cover 
change does not have to be human induced, instead it can be due 
to fires, pests, natural disasters or rotational harvesting, which 
serve as an important example to illustrate the importance of 
metadata in forest classifications. (Forest Climate Change, n.d.) 

Table. 1 List of concessions in Indonesian study area. (GFW, n.d)

NAME TYPE CERTIFICATION

Pt. Anugerah Rimba Makmur Wood fiber plantation Not certified

Pt. Teluk Nauli Logging Not certified

Pt. Samukti Karya Lestari Oil palm Not certified

Pt. Cahaya Pelita Andhika Oil palm Not certified

Pt. Multi Sibolga Timber Logging Not certified

Pt. Toba Pulp Lestari Tbk Wood fiber plantation Not certified

Pt. Panei Lika Sejahtera Logging Not certified
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The definition used for forest in Hansen is related to tree cover 
rather than for example land-use as is used by UNFAO. The 
definition of forest loss are the disturbance or complete removal of 
tree canopy cover (below 25% tree canopy cover), which means 
that plantations, shifting cultivation as well as natural forests can 
be considered as deforestation. (Forest Climate Change, n.d; 
Margono et.al, 2014)



2. THEORY
It should be made clear that this thesis project builds on 
theories about value chains, where the main company is 
referred to as the focal company, while suppliers in vari-
ous stages are referred to as Tier 1, Tier 2 etc.  where the 
higher the number the further away from the focal company 
the supplier are located in the chain. It is worth stressing 
that even though this part starts off wide, by discussing glo-
balization and sustainable development, it is still theories 
being presented. Initially theories on drivers of globaliza-
tion, and various approaches to sustainable development 
are discussed. Even though sustainable development is not 
very disputed, it is important to define how the term is used 
in this paper, and how it is transformed into action in CSR. 

The section ends with a discussion of logical inference, and 
how it relates to different methods in remote sensing. This 
will in bringing clarity to the reasoning behind land use and 
land cover mapping.





Theory - 31

Rickard Näsström

2.1. GLOBALIZATION 
”Globalization means that a growing number of the world’s 
population is incorporated into a capitalist economic system, 
as capitalist relations extend on a transnational scale” (Tonkiss, 
2006. p.28) In less vague terms it means that economy and infor-
mation today operate on a transnational scale. The term economic 
globalization can describe where these processes occur, and it 
includes production systems, commodity chains, communication 
and economic exchanges. The actual technological drivers of glo-
balization can be summarized in three key factors: information 
and communication technology (ICT), transport technologies 
and production technologies. Where ICT have played a critical 
role for the globalization of media, finance and communication 
services, transport and production technology have been equally 
crucial for the globalization of physical goods and materials. 
(Tonkiss, 2006)

A feature significant for nineteenth and early twentieth-century 
imperialism was according to both liberal and Marxist theories 
the location of new markets due to stagnant growth in existing 
ones. Tonkiss (2006) resembles this process with the contempo-
rary capitalism, which works much in the same way. For capitalist 
to further increase profits, besides seeking new markets, one way 
can be to lower cost of production. During the imperialism the 
search for cheaper inputs mainly focused on raw materials, whilst 
today it is concentrated to outsourcing and subcontracting, a phe-
nomenon known as new division of labor. According to Florida 
(1995) global corporations continuously strive for improvement, 
innovations, and knowledge creation. 

The institutional driver of this process is, according to Tonkiss 
(2006), TNC. Who by uncoupling management, production 
processes and labour and consumer markets from national econ-
omies, can locate these processes on spatially distant locations. At 
the end of the 1990s, it was estimated that TNCs represented up to 
one quarter of global output, the ability to decide where to locate 
processes on such a large scale will naturally have consequences 
on all levels of the scale range. On a local scale it can affect work-
ers, communities or local environment for example, while on a 
national scale the mobility of TNCs can threaten nations into a 
competitive deregulation. This deregulation can be seen as a way 
for nations to try to gain a competitive advantage through for 
example lowering labour or environmental standards or lowering 
taxes. It also provides a way for companies to sidestep regulations 
in the countries they are active in, simply by outsourcing to an-
other. This has put TNCs under scrutiny for taking advantage of 
the situation and not paying workers a living wage, or not caring 
about health and safety issues in the offshore sites. A counter 
response by these companies is corporate social responsibility, as 
will be discussed later, however the responsibility in supply chains 
are a bit vague since companies do not employ these workers 
themselves. 
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These institutional drivers along with the previously discussed 
technical ones promote globalization in several different spheres, 
listed below: (Tonkiss, 2006)

• Trade, Trade of materials, resources and commodities.

• Capital investment, foreign direct investments are an 
important factor of economic globalization.

• Finance market, the ability to move money between 
different markets is important for globalization.

• Organization of production, spatial dispersion of 
production, using networks of sub-contractors.

• Organization of services, Outsourcing of services, and 
the growing part services play in FDIs (Foreign Direct 
Investments).

• The international division of labour, and the new 
international division of labour are referring to the shift of 
production and services to developing economies.

2.2. THE VALUE CHAIN
There is a continuous discussion regarding whether a company’s 
inter-firm and external relations should be defined as a chain 
(Porter, 1985) or as networks (see for example, Henderson (et.al. 
2002) Discussing which term to define an abstract concept with 
might seem rather trivial, however they can both be seen as um-
brella terms for various concepts, all with its own connotations. 
An overview wont be provided here since that falls out of the 
scope of the study. In general though, network concepts include, 
Actor Network theory (ANT) and Global production networks 
(GPN). While chain approaches includes value chains, or value 
adding chains, filiére and Global commodity chain (GCC). 
Briefly chain approaches has been criticized for providing a lin-
ear vertical framework to production and distribution processes, 
while promoters of the network concept emphasis the importance 
of a multi dimensional approach. However, this approach has a 
broader, more intertwined and abstract scope including concepts 
and relations and connectivity. (Henderson, et.al 2002) This study 
will use the chain concept for two reasons, one being that the aim 
is to visualize companies upstream CSR efforts down the tiers, for 
which a chain approach is more straight forward and illustrative. 
The second reason being that the most literature covered in this 
study uses the chain concept. 

The major strengths with a value chain approach according to 
Porter (1985) are a systematic way to analyse a firm’s competitive 
advantage, which a value chain has a big part in creating. The 
chain consists of activities, which are the technological and phys-
ical activities performed by any actor in the chain, and margin, 
which is the difference between total value and collective cost of 
the activity. Activities performed outside of the focal company 
are referred to as vertical links. The activities can be divided 
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into primary, including inbound logistics, operations, outbound 
logistics, marketing and sales and service, and secondary activities 
including human resource management, technology development 
and procurement. The primary activities are directly related to 
the physical creation and the sale of a product as well as the transfer 
to a buyer, while the support activities support the primary and 
itself. Since everything is interconnected, actions by a supplier can 
ripple and affect the focal company. There is no mentioning in 
Porter (1985) of environmental or social responsibilities, however 
material and sourcing are included in the procurement activity, 
and it is easy to motivate it being there in an up to date model 
for the 2010s. In fact, Personen (2001) discusses how environ-
mental concern moves upwards in the value chain since the focal 
companies are becoming increasingly aware of environmental 
impacts of raw materials and production. In the long run this will 
force even the smallest company in the chain to be aware of their 
environmental performance. 

2.3. SUSTAINABLE 
DEVELOPMENT

When discussing sustainable development it is hard not start-
ing off with the definition provided in the Brundtland report 
(WCED, 1987), in which sustainable development is defined as 
the ability to meet the present needs without compromising the 
ability of future generations to meet theirs. A different approach 
uses a social, economic and environmental dimension to explain 
sustainable development.(Seuring, 2013; Corbett. DeCroix 
and Ha 2005; Dyllick and Hockers, 2002) Linton (Klassen and 
Jayaraman, 2007) takes a step back and emphasizes the interdisci-
plinary of sustainability by highlighting the roots in both physical 
and social sciences, interacting through laws, policy’s, regulations 
and cultural norms. Actors involved in the process are natural-
ly everyone living on earth, divided into groups. UN (2014) 
mentions Governments, Companies and business associations, 
indigenous peoples, civil society organizations and multilateral 
institutions. Hopwood (Mellor and O´Brien, 2005) discusses the 
vagueness of the definitions while summarizing the dominating 
approaches as a combination of concerns over environmental and 
socio-economic issues. They claim the vagueness of the term 
allows businesses and governments to support sustainable devel-
opment without having to change their current ways. This study 
will combine these approaches, focusing on the interdisciplinary 
of the environmental dimension and its interaction with the other 
dimensions. 

Elkington (1997) ties the dimensions of sustainability to the busi-
ness world in an approach he calls triple bottom line (TBL) that 
have been frequently used ever since. (Akamp & Müller, 2013; 
Beske, Land & Seuring, 2014; Klassen & Vereecke, 2012) It is 
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mainly a definition of the challenge to meet social, environmen-
tal and economic criteria’s simultaneously. Klassen & Vereecke 
(2012) elaborates on TBL and states that the performance of the 
three dimensions are not isolated to one region, industry or firm, 
but rather cuts across the entire supply chain and encompass a 
span from multiple tiers of suppliers, internal operations, to final 
consumers. 

2.4. CSR
This study will focus on companies’ role in sustainable develop-
ment, often called corporate social responsibility. CSR have been 
a concept since the early 1950s when Howard Bowen defined it as 
the obligations of businessmen to pursue policies desirable to the 
society. (Bowen 1953 in Carroll 1999 p270) Multiple definitions 
have been put forward since then, most of them emphasizing 
that CSR goes beyond laws and the primal interests of the com-
pany. (McGuire 1963 in Carroll 1999, McWilliams and Siegel 
2001) Holmes and Watts (2000) uses a different approach and 
define CSR as five key concepts, human rights, labour rights, 
environmental protection, involvement in society and supplier 
relationships. This is the definition that will be used in this project 
since it is the most concrete and applicable one, and the aspects 
that will be emphasizes are the environmental protection through 
supplier relations. 

Lim & Phillips (2008) discusses problems and difficulties with 
supplier relationships. Leppelt (et.al 2013) account for how CSR-
research been focused on the link between CSR-related business 
practices and corporate reputation, forgetting the relationship to 
suppliers. Husted (2000), Surroca (et.al 2010) and McWilliams 
(et.al 2001) are all focusing on this link, and arguing that social 
responsibility is meeting the publics’ expectations on ethical 
behavior. During 2007 however, a company called Mattel had 
to recall millions of toys after Chinese suppliers used led-paint. 
Another example is Sodexo who in 2012 were blamed for caus-
ing an outburst of E-coli among 11.000 German pupils due to 
strawberries from a Chinese supplier. These cases are unique 
in the sense that the companies have been held responsible for 
their supplier’s actions. It resulted in bad reputation and declining 
sales for both companies, but it also illustrates the importance for 
companies to ensure responsibility wherever they have interests. 
Leppelt (et.al 2013) argues that suppliers are not invisible to end 
consumers anymore; by contrast they are being surveilled. 

2.4.1. STAKEHOLDERS

Stakeholders can be subdivided into three groups, internal, ex-
ternal and inter-firm. In order for the theory not to stop at an 
internal level and become just another management tool Freeman 
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(1984) clarifies that ”The point of a stakeholder approach to 
organizations is to force organizational management to be more 
responsive to the external environment.” (Freeman, 1984. p.216) 
He continues by saying ” By applying the stakeholder approach 
internally within the corporation, there is a danger that the force 
of the argument is lost” (Freeman, 1984. p.216) The internal level 
referred to operations controlled under the firms own manage-
ment, while the inter-firm level refers to interactions where there 
are existent strong economic ties, examples of stakeholders in 
this groups include suppliers, consumers and buyers. This is the 
level of stakeholders that will be focused on in this project. The 
external stakeholders are those with possibly weaker economic 
ties, communities and NGOs for instance. 

2.4.2. UPSTREAM/DOWNSTREAM

Holt & Ghobadjan (2009) points out that globalization and tech-
nology innovations forces companies out of their autonomy and 
into supply chains. The success of a single business is therefore 
getting more and more intertwined with the success of the supply 
chain. Ageron (et.al. 2012) are arriving at the same conclusion 
from a different perspective. Due to focal companies increased 
focus on core competencies, and thereby outsourcing the other 
activities the created value for the customer is extended beyond 
the boundaries of the company. Where Vachon and Mao (2008) 
discusses how natural environment and social equity should not 
be studied as isolated processes, but explored through upstream 
and downstream perspectives. Downstream refers to the processes 
between focal companies, distributors and customers. (Klassen 
and Vereecke, 2012; Chen, 2005) Upstream are then stakeholders 
on the other side of the focal company, those involved in the ex-
traction of raw materials, supply and production process. (Kovacs, 
2008) Kovacs explains that companies nowadays not only have to 
be transparent about its suppliers, but also about the materials used. 
The raw materials in the food industry, origin of wood in forestry 
and the same goes for the process industry. The implications of 
this are that companies need more than ever to be informed of its 
entire supply chain, even when buying from the SPOT market it 
is expected of them to know the suppliers. In upstream processes 
the suppliers can be subdivided into three groups according to 
Kovacs (2008).

• Product suppliers (includes raw material extraction, work in 
progress items and component suppliers)

• Process suppliers (Technologies and machinery used in 
manufacturing processes)

• Other suppliers

This study will focus on the product suppliers and especially the 
raw material extraction.
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Why do companies engage in CSR at all? Milton Friedman is a 
strong opponent to companies engaging in social issues, he pro-
claims that their responsibility is towards their stockholders, and 
they should therefore focus on efficient production. Companies 
are not in any position to determine the amount of resources to 
be spent, the gravity or the urgency of a given matter. (Friedman, 
1963) Many more recent authors are however contesting his the-
ories. Wulfson (2001) claims that there are benefits on multiple 
levels to be made for companies engaging in CSR, it creates an 
identity as a good citizen and thereby gain loyalty from consum-
ers and workers. McWilliams, (2001) mentions that one reason 
is that consumer demands it, and that products from companies 
engaged in CSR is often perceived as being of better quality and 
it can therefore be a way of differentiation from similar products 
on the market. A second incentive is the demand from company 
stakeholders, such as workers, investors or society. Vogl (2003) 
emphasis that we today are better informed about global issues as 
consumers and demand companies to act responsibly.

Paulraj (2009) summarize drivers for corporations environmental 
initiatives and lists legislative/regulatory compliance, ethical 
competitiveness and ethical concerns as the three most important 
drivers of environmental strategies. Other important factors are 
stakeholder pressure, critical events and top management initia-
tives. The power of legislation as a driver behind improvement in 
environmental initiatives is confirmed by Holt (2009), which also 
emphasis internal drivers through environmentally committed 
management, while saying that the least influential drivers are 
pressures from society and individual customers.

2.4.3. DEFINING GREEN PRACTICES IN THE 
SUPPLY CHAIN

Many definitions have been proposed to describe green/sustaina-
ble environmental or social management practices in the supply 
chain. It is clear that there is no widely accepted term for the 
phenomenon. Kogg (2009) provides a summary of some of the 
terms, her literature review found 32 different terms with 18 dif-
ferent definitions which is subdivided into 5 groups presented in 
Table. 2 on page 37. A detailed description of the different 
concepts will not be provided in this thesis, but merely a brief 
summary; the common ground for all of them is the management 
of social and or environmental aspects in the supply chain. In spite 
of all the existing terms Kogg present yet another one, upstream 
CSR, which is the one used in this thesis project. The definition 
provided for this term is ”the management of environmental and 
social aspects that are determined, or occur, upstream within the 
supply chain beyond the focal company’s span of direct hierarchi-
cal control.” (Kogg, 2009, p. 61) The main factor for choosing this 
definition is the focus on upstream CSR beyond the focal compa-
nies direct control, which traditionally is where deforestation 
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occurs. The overall purpose of the actions in upstream CSR is to 
prevent, avoid or reduce negative social or environmental prob-
lems in the supply chain, it is further important to consider that 
the term is applicable on internal action in a company rather than 
initiatives from external actors.

2.4.4. IMPLEMENTATION STRATEGIES

Tools used in upstream CSR to align suppliers practices with 
focal companies policies ranges from; collaborative development 
of cleaner processes or design and environmental innovations dis-
cussed in Rao (2002), to the scheme for green purchasing practic-
es proposed by Min & Galle (1997). The main approaches in the 
scheme are source reduction, an umbrella term including recy-
cling, reuse and source changes and control and waste elimination 
including biodegrading, non-toxic incineration and scrapping 
or dumping. Vachon & Klassen (2006) further discusses internal 

Table. 2 Summary of green practices definition (Kogg, 2009)

PATH THEME TERM

1 Puchasing/sourcing with emphasis 
on environmental aspect (a-c)

a. Environmental sourcing strategy

b. Green purchasing

c. Environmental purchasing

2
Purchasing /sourcing: Wider 
emphasis on all aspects related to 
CSR/sustainability (d-g)

d. Socially responsible organisational buying

e. Purchasing social responsibility

f. Ethical sourcing

g. Purchasing social responsibility

3
Supply chain management: Em-
phasis on environmental aspects 
(h-l)

h. Green supply

i. Environmental supply chain management

j. Green supply chain management 

k. Green Supply chain practices 

l. Interorganisational environmental management

4

Supply chain management: Terms 
that can be seen as related to, or 
subsets of, environmental supply 
chain management (m-p)

m. Environmental supply chain dynamics 

n. Environmental supply-chain innovation

o. Product-oriented environmental management

p. Life cycle management: 

5

Supply chain management: Terms 
that reflect a wider emphasis on 
all aspects related to CSR/sustain-
ability (r-t)

r. Responsible chain management

s. Integrated chain management:

t. Product chain management
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management systems, application of LEAN production princi-
ples and selection of pollution preventive technologies. Another 
method proposed is an external approach through market-based 
mechanisms, without making any significant commitments by 
the organization. Which is discussed as risk management prac-
tices in Beske (et.al. 2014) and can take the form of certifications 
and Standards such as the ISO or SA800 for example and usually 
provides high credibility. 

Practical approaches mentioned in Rao (2002) includes:

• Environmental awareness seminars

• Assisting suppliers in setting up their own environmental 
policies

• Bringing together suppliers from the same industry to help 
each over

• Informing suppliers about benefits of cleaner production

• Choose suppliers based on environmental criteria

• Pressure suppliers into environmental actions

• Assisting with funds for suppliers to invest in equipment for 
cleaner production

• Hu & Hsu (2006) also points out the power a company has 
in influencing legislation especially in DCs (Development 
Countries) where they operate. 

2.4.5. COLLABORATION OR MONITORING

It is one thing to acknowledge responsibilities in upstream supply 
chains, Vachon and Mao (2008) even claims that the positive 
connection between environmental and financial performance 
today are widely accepted and often used as a risk minimization 
strategy. It is however harder to determine which method to use 
in order to reach the goals. Control and monitoring is one way for 
companies to ensure that suppliers take environmental and social 
aspects into consideration. Vachon & Klassen (2006) divides the 
actions into two different approaches, an monitoring approach 
or an collaborative approach. The former includes actions that 
uses market transactions to evaluate and control suppliers while 
the latter includes methods to build long term relationships with 
suppliers through jointly developed solutions. 

Seuring and Müller (2007) concludes in their study that sustain-
able supply chain performance needs clear measures so suppliers 
knows what they have to obey, something a monitoring approach 
offers. Lasch and Janker (2005) on the other hand discuss a collab-
orative approach in partnerships to reduce waste of resources in the 
logistics chain by better collaboration in procurement practices. 
The two approaches are both working to increase sustainability in 
upstream CSR, although monitoring, by for example Vachon & 
Klassen (2006), are seen as a short-term strategy while collabora-
tion is more of a long-term commitment.
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Akamp & Müller (2013) explains supplier monitoring as a way to 
discover deficit in the supply chain in time to make a change with 
improvement activities. Monitoring activities should mainly be 
used in relationships where there is a high level of uncertainty, 
which according to Akamp & Müller often is the case with sup-
pliers in DCs. Zhu, Sarkis and Lai (2008a) represent a more prag-
matic view, saying that manufactures constantly needs to monitor 
their implementation of green initiatives. Rao and Holt (2005) 
consider the geographical distance as a key indicator for monitor-
ing; the greater the distance the bigger the need for monitoring, 
while Beske (et.al. 2014) view individual monitoring of suppliers 
as a strategy to minimize risks. The key drivers for monitoring 
is listed in Klassen and Vereecke, (2012) and are in diminishing 
degree; regulation, customer demand and community concern.

According to Min & Galle (2001), environmental monitoring 
is carried out by either the supplier or a third party and includes 
processing information gained through publicly disclosed records, 
company questionnaires and audits. In audits suppliers are assessed at 
their location, documents and records are examined and interviews 
with personnel are carried out. (Rao, 2002) Beske (et.al. 2014) states 
that companies often have their own auditors or employees who are 
sent to suppliers in order to identify their needs and progress to-
wards specific goals. Thereby being an outcome and result oriented 
method. It can take the form of suppliers subscribing to company 
code of conduct policy, national or international regulations or 
organizational standards and certifications. The costs of monitoring 
can be seen as fairly high, but the more integrated the supply chain 
are the more will the cost decrease. (Vachon and Klassen, 2006) 
One approach to reduce the monitoring activities by the company 
is for buyers to require their suppliers to have certifications such as 
ISO 14001. (Vachon & Mao, 2006)

In contrast to monitoring activities environmental collaboration 
makes the buying company devote resources for joint actions, to 
overcome issues in the supply chain. Activities can include knowl-
edge sharing, joint planning sessions, waste reduction in the logistic 
process. Through knowledge sharing collaborative approaches can 
create added value through innovations, either through product 
design or process innovation. (Vachon and Klassen, 2006) It is a 
long-term approach focused on empowering suppliers own capa-
bilities, which might require longer time before the benefits can 
be established. (Klassen & Vereecke, 2012) Increased collaborative 
activities decreases the need for environmental monitoring since 
the actors get a deeper knowledge of each over, which also has the 
benefit of making investments less risky. The con with this approach 
is that the buying company can loose their investments if they have 
to find another supplier any time in the future. It can also encourage 
opportunistic behavior by raising prices, which is why monitoring 
activities are still necessary to ensure equal benefits. (Vachon and 
Klassen, 2006) Rao and Holt (2005) identify further weaknesses 
with a collaborative approach and besides cost implications they 
mention lack of trained personnel and mentoring skills. 
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Rao (2002) makes a distinction between partnering and mentor-
ing as collaborative approaches. Mentoring is a relationship where 
the buying firm guide the supplier in different initiatives, while 
the partnering approach implies more direct involvement. In 
South East Asia companies prefer the mentoring approach to the 
monitoring method, and Rao (2002) promotes this method as the 
right approach to create sustainable supply chains in this region.

According to Vachon and Klassen (2006) the monitoring approach 
corresponds to the external dimension while collaboration is an 
internal approach. Monitoring are more focused on the immediate 
outcomes making sure that suppliers are up to date with regulato-
ry compliances etc. while collaboration are more focused on the 
processes leading there. Making collaboration a more proactive 
approach, while monitoring is more reactive. Monitoring does 
not aim to reduce or eliminate pollution sources in itself; they 
rather aim to push suppliers to make the right choices. Instead 
of a collaborative approach where the investments are shared, 
monitoring mainly puts the responsibility of improvements and 
investments on the supplier. Making this approach similar to 
complying with environmental regulations. (Vachon, 2007)

The extent of auditing activities with suppliers depend on how 
critical they are to the focal company as well as whether or not 
they have a certified environmental management system (EMS). 
In Kovács (2008) study it was found that suppliers with a certified 
EMS are rarely audited while suppliers without are more frequently 
audited. O’Rourke (2000) conducted a study called ’monitor the 
monitors’ in which a third party monitoring company were stud-
ied on a site inspection of garment factories in China and Korea. 
The most notable findings were that the auditors missed violations 
of local labour laws and corporate codes of conduct, this were 
partly due to incompetence of the auditors as well as vague check-
lists. Walgenbach (2001) assert that standards and certifications, 
who are supposed to create trust between suppliers and producers 
actually do not. Trust is important since it reduces the amount of 
control required in an economic transaction, and third party audits 
should be more objective. Therefore international standards and 
certification were developed to reduce companies costs and internal 
procedures. The critique against the certification derives from the 
auditing company seeing themselves as customers of the certifier, 
the fact that other companies are also able to communicate that they 
are customers of the same certification and the possibility to buy a 
certification. To strengthen auditing practices Klassen & Vereecke 
(2012) discusses how having the same organizational culture, 
having corporate offices located in the same country as the sup-
pliers and using local auditors reduces complexity and yields better 
results. One example is Home Depot who is working with local 
communities to reduce negative social impacts of lumber sourcing. 
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2.4.6. MEASUREMENTS, EPI

”You can not manage what you cant measure”, is a quote from 
Ditz and Ranganathans (1997, p.1) publication on environmental 
performance indicators. In order to successfully manage environ-
mental initiatives there is a need for measurements. A big problem 
with Environmental performance indicators (EPIs) is the contex-
tuality of every industry and location, making it hard to establish 
generalized but still relevant indicators. (Ditz & Ranganathan, 
1997) An example of this is given in Handfield (et.al. 2002) who 
lists approximately 50 EPIs in their study. When asked about these 
indicators managers are unsure regarding relative weighting, how 
to integrate them and which ones to choose. When asked to list the 
most important criteria the managers’ lists, in descending order, 
public disclosure of environmental records, second tier environ-
mental supplier evaluation and hazardous waste management.

Ditz & Ranganathan (1997) states that for EPIs to be effective they 
must be aligned after a common set of metrics acknowledged by 
all actors. Their proposed framework in which they focus on 4 
categories is an attempt to do this:

• Material use, Tracks which materials used and where it 
stems from.

• Energy consumption, what energy are consumed, and 
where did it come from?

• Nonproduction output, Quantities and types of waste 
created before recycling, treatment and disposal.

• Pollutant release, types and quantities of waste released 
into air, water or soil, includes everything from liquids to 
gases.

Companies with activities spread globally are having trouble 
with common sets of measures, looking into value chains the 
situation turns even more complex. What is made clear in Ditz 
& Ranganathan (1997) is the usefulness of comparable measures 
over time, industries, scales and geography. Together the above 
categories are supposed to give a clearer picture of companies’ 
ecological footprint. 

In this study focus will be on the first category, materials used. 
How can EPIs help track where raw materials stems from, how 
is that monitored and how could remote sensing technology be 
included and strengthen that EPI.
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2.4.7. SCORE SHEETS

Balanced scorecards links performance measurement to com-
pany strategies by multidimensional financial and non-financial 
metrics. According to Epstein and Wisner (2001) balanced 
scorecard are commonly used by corporations all over the world 
to implement corporate strategy, however as they discuss, it can 
also be used to implement a sustainable strategy. Traditionally the 
balanced scorecard approach is made up from four perspectives, 
that are interconnected, learning and growth action, internal 
business process and customer as well as financial outcome. These 
categories are subdivided into measures, there are no rule of how 
many measures to include, although to many can distract from 
pursuing the objectives. The measures should be quantifiable and 
controllable, in other words it should be easily summed up in 
absolute or percentage terms, and employees in the organization 
should be able to affect the measured factor. Sustainability are 
being measured already today under the existing perspectives, 
examples of measures from Epstein and Wisner (2001) are given 
below. For companies that have defined sustainability as a key 
corporate value the scorecard can be expanded to include a fifth 
social and environmental perspective. Examples of environmen-
tal measures includes:

• Energy costs / Consumption

• Recycling revenues

• Unfavorable press coverage

• Product recall

• Cause related marketing

• % Waste to landfill

• Certified suppliers

• Supplier audits per year

• GHG Emissions

• Water emissions

• Habitat change due to operations

• % Of employees trained

• Community  / Employee complaints

• Management attention to environmental issues

Since each organization has different goals, face different chal-
lenges and defines sustainability different, the weight of and the 
measures chosen will vary in order to fit the company profile.



Theory - 43

Rickard Näsström

2.5. INFERENCE FRAMEWORK
Most of the landscapes dealt with in GIS today are to some extent 
affected by human activities, either blatantly as roads or city-
scapes for example, or more subtle representations by lines in the 
landscape. (Couclelis, 2009) This is illustrated by a discussion of 
landcover versus landuse. In order to understand why a distinction 
between them is important a discussion of the difference in infer-
ence when using different methods in remote sensing is needed. 
The former can be detected in remote sensing by its spectral sig-
nature, while to detect the latter it is helpful to ask some further 
questions such as: 

• What is the purpose of this spatial object?

• What parts should compose this place?

• What else should be next to this object and how should it 
connect to other objects?

Couclelis (2009) argues for broadening the spatial concept, so as 
to enable normative inferences, involving function and purpose 
of objects. This is a not just abstract concept, but actual places full 
of historical and cultural meaning, although there is a general lack 
of methodologies, tools and a conceptual framework to deal with 
this. This is due to traditional methods in remote sensing focusing 
on landcover. Wästfelt (in press) discusses the lack of a philosophi-
cal discourse regarding the semantics of representations in remote 
sensing, and argues that perspectives found in social sciences can 
enable interpretations of unique land and landscape configura-
tions. All image interpretations are dependent of the pixel size, 
spatial extent and configuration and context in the field of view. 
Wästfelt illustrates how these aspects affects the semantics by 
presenting three images of the same area at a different scale. This 
shift in semantics occurs in relation to scene size as well as pixel 
size. One attempt including concepts from social science is carried 
out by Ahlqvist and Wästfelt (2008) whom are able to accurately 
detect summer farms in Sweden by calculating distances to dif-
ferent land cover classes. The method used is theoretically similar 
to WICS, which classify each pixel in a conceptual space after 
distances to pre-determined neighbouring spectral classes. This is 
in line with Wästfelt (2009) who argues that classification of land 
use can be improved by combining semantic aggregation based on 
known land use types with spatial contextual information. 
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According to Couclelis (2009) all complex reasoning involves 
three modes of inference, deduction, induction and abduction. 
Induction and deduction have both been extensively formalized 
during history, deduction are in particular prevalent in GIS. 
Although abduction were developed and named by Aristotle, it 
was rediscovered first in the late 19th century, and it still lacks 
the recognition enjoyed by induction and deduction. All concepts 
involve rules – general principles or premises that must hold, cases 
– examples of phenomena where the rule may apply, and results – 
the conditions in which the rule may be applicable. 

In this master thesis all three modes of inference will be used. For 
the unsupervised WICS classification Nielsen (2014) argues that 
inductive inference are applicable, illustrated by an example of 
case, result and rule.

• Case: Randomly selecting pixels belonging to class x.

• Result: All pixels selected corresponding to class x has land 
cover y.

• Rule: It is feasible that all pixels belonging to class x corre-
sponds to land cover y.

This inductive approach works in classifying land cover, however 
in order to map deforestation an abductive approach is applied. 
Abduction produces a hypothesis (case) for a predetermined con-
dition (result) that fulfils a number of premises (rules).

• Result: Area X is classified as different land cover classes in 
image 1 compared to image 2.

• Rule: Change in land cover is a plausible explanation for 
classification differences between image 1 and image 2.

• Case: It is probable that areas corresponding to the same 
change as area X have experienced a change in land cover.

The spectral classification by NDVI calculation is approached by 
a different method and thereby a different inference. Instead of 
delineating land cover for each image, differences in NDVI will 
be calculated between them. Thereby land cover maps will not 
be created, but rather differences in land cover reflection will be 
detected. The logical inference will then be deductive:

• Rule: Pixels with different NDVI reflection (Z) after 
pre-processing represents a change in land cover to a degree 
stipulated by the percentage of the change.

• Case: A number of pixels corresponding to Z are chosen.

• Result: It is known that pixels corresponding to Z repre-
sent a change in land cover.
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3. METHOD
The following method section will start by explaining the general 
method approach of the project, using mixed methods. Then 
the qualitative methods used for the CSR part will be presented. 
Followed by the data used for the quantitative study before a 
background on remote sensing start off the technical aspects of 
the study. The section ends with a presentation of verification 
practices and a how this were carried out in Sri Lanka to validate 
the results.
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3.1. MIXED METHODS
Multi-method research is not necessarily better research. It is an 
approach employed to address the variety of questions posed in 
a research investigation, that with further framing, may lead to 
the use of a range of methods. (Brannen, 2005) In line with the 
pragmatists view discussed by Onwuegbuzie & Leech (2007) a 
combination of traditional qualitative and quantitative methods 
are combined in this study. This due to the belief that the research 
question should determine which methods are used, and thereby 
utilize the strengths from both techniques. For this project mixed 
methods is inevitable, due to the aim of the thesis calling for an 
investigation on how well remote sensing (a quantitative method) 
can be implemented in TNCs CSR initiatives (investigated by 
a qualitative approach). In line with the pragmatists reasoning I 
do not have a choise but to let the research questions decide what 
methods are used, and in this study it calls for both qualitative and 
quantitative methods.

3.2. QUALITATIVE METHODS
In line with Hargadon and Sutton (1997) a mix of qualitative 
methods will be used, the methods I been using are observation 
and interview methods. It should be mentioned that the qualita-
tive appraoch in this study attempts to answer my first research 
question, and thereby also act as background information to 
address the third question. The weight in the study is therefore 
more data heavy on quantitative methods in remote sensing 
than the qualitative approach. The reason for only conducting 
two interviews are that they are used as a complement to results 
from the observations, and to align professionals views on the 
topics in CSR with theories. Since, in qualitative methods, the 
number of respondents are not important, instead the number 
should correspond to the aim of the study. When the interviews 
are not contributing with any new information any more, the 
law of diminishing return suggests that no further interviews are 
required. (Kvale & Brinkmann, 2014) The results from the qual-
itative methods were coded and presented according to general 
themes. The actors involved are all anonymous and referred to by 
letters, such as company A or NGO B. 

3.2.1. OBSERVATION

During the autumn 2014 an observation method were used during 
two days at a supply chain conference in London. The conference 
were attended by over 200 professionals working in fields related 
to CSR and supply chains. I was attending the conference as a 
participant from the organizing party, and were taking notes in 
the background without interfering with any discussions. When 
using observation as a qualitative method the researcher takes a 
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step back and watch the events unfold. Compared to interviews 
observations do not rely on self-reports of opinions and feelings, 
but rather on the observer’s ability to interpret what is happening. 
The method relies on remaining in the background and thereby 
allowing the events unfold as they normally would. This process 
can follow a checklist, but more usually it is made up of narratives, 
as is the case in this study. (Kitchin & Tate, 2013)  My presence 
at the conference was as one of many representatives from the 
organizing party, and therefore neither my presence or me taking 
notes can be considered to have affected any results.  (Kitchin & 
Tate, 2013)

3.2.2. INTERVIEWS

Two in depth interviews were conducted to complement data 
gathered at the supply chain conference. Interviews are peo-
ple-oriented and allow the interviewees to explain their answers 
and their experiences through their own words. In general they 
are unstructured or as in this case semi-structured. The questions 
were based on interview guides in order to ensure that all aspects 
of interest were covered, but the conversations had a free form and 
varied according to the interviewees interests (Valentine, 2005) 
The guides were contextual and company specific details were 
discussed. This is also the reason as to why the interview guides 
are not disclosed in this project. the general themes discussed 
focused on current monitoring practices, limitations and possi-
bilities with third party certification, view on remote sensing as a 
monitoring tool and transparancy and transference. The aim was 
not to link policies and modes of working to specific actors, but 
rather to gather further in-depth knowledge of general CSR and 
specifically monitoring practices to complement findings from 
the observations. One of the interviews took place at a restaurant, 
while the other one occured over phone, due to geographical 
distance. Both interviews had the form of an informal conver-
sation in order for the interviewees to feel comfortable to discuss 
sensitive matters. The interviews were not recorded in order for 
the interviewees to feel completely anonymous, instead notes 
were written down and compiled afterwards. (Andersen, 1998) 

3.3. DATA
Software’s used in this thesis are listed below

• ArcGIS 10.1

• SPSS Statistics 19.0

• Microsoft Excel

• Microsoft Word

• Adobe illustrator

• Choros Cognition
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• Spyglass

• Global Forest Watch and Global Forest Watch commodities 

3.4. LANDSAT DATA LEVEL 1T

All images acquired in this study were delivered as L1T products 
which includes terrain correction by utilizing a digital elevation 
model (DEM) as well as ground control points. It is projected in 
a universal transverse mercator projected coordinate system and 
the end results is a geometrically rectified image free from distor-
tions related to the sensor. (NASA, n.d.) The Standard error, the 
combined RMSE of the geometric residuals, in meters, is used in 
the geometric precision correction. The values for all the scenes 
are very good; with a pixel size of 30m the RMSE of the scene is 
very low. This RMSE score is a measurement of the offset in the 
entire scene when it is geometrically rectified. Information about 
the scenes used is presented in Table. 3 on page 48. 

3.5. GFW DATA
The baseline of forest status for GFW are created by Hansen’s (et.
al. 2013) dataset, in which trees were defined as all vegetation 
taller than 5m. And change in forest cover are calculated as loss 
or gain in percent tree cover densities. The intervals used are 
<25% Tree cover, 26-50% Tree cover, 51-75% Tree cover and 
76-100% Tree cover. To estimate annual forest loss heuristics 
was derived from the annual maximum and minimum percent 
tree cover and maximum annual decline in minimum growing 
season NDVI. The downloaded data from Hansen is delivered 
in a TIFF format georeferenced to WGS 1984, with DN values 
ranging from 0-100 for tree cover, and loss or no loss for de-
forestation. The total forest cover are calculated for year 2000, 
so to create forest cover data for 2010 in Indonesia and 2014 in 
Sri Lanka detected land degradation have been erased from forest 

Table. 3 Landsat scenes used in the study

YEAR DATE LAND-
SAT SENSOR RMSE 

(M) PATH ROW SCENE ID

2001 06-Sep 7 TM 3,86 141 55 LE71410552001249SGS00

2014 14-jun 8 OLI TIRS 7,51 141 55 LC81410552014165LGN00

2005 25-Sep 5 TM 4,48 141 55 LT51410552005268BKT00

2010 24-jun 5 TM 4,46 128 59 LT51280592010175BKT00

2005 26-jun 5 TM 3,86 128 59 LT51280592005177BKT00

2001 09-jun 7 ETM 2,29 128 59 LE71280592001190SGS01
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cover data. The Hansen data used for Sri Lanka are tree cover 
2000 (Hansen_GFC2014_treecover2000_10N_ 080E.tif ) and 
forest cover loss 2014 (Hansen_GFC2014_loss_10N_080E.tif ) 
And for Indonesia the data used are Hansen forest cover 2000 
(Hansen_GFC2014_treecover 2000_ 10N_090E.tif ) For tree 
cover loss, data for 2010 were extracted from Global Forest Watch 
platform and georeferenced and classified.

3.6. BACKGROUND ON 
REMOTE SENSING

To start from the beginning of remote sensing the electromagnet-
ic properties will be discussed below. This is important in order 
to understand what can be measured and how it is measured. It 
will also help by explaining some of the difficulties with remote 
sensing and how preprocessing can overcome some but not all 
problems.

3.6.1. ELECTROMAGNETISM

The human eye is sensitive to electromagnetic radiation (EMR) 
in the form of visible light. Artificial detectors can detect oth-
er forms of electromagnetic radiation, such as Infrared (IR), 
Ultraviolet (UV) or Microwaves (MW). EMR is a form of energy 
consisting of electric and magnetic fields traveling as a wave at the 
speed of light that can be measured in Hertz (Hz). Waves can take 
different forms and therefore have different properties, which 
create different types of radiation, this is what is referred to as the 
electro magnetic spectrum, Figure. 4 on page 50. Visible light 
are active in wavelengths between 400-700nm, and is flanked 
by the higher frequency short wavelengths UV region and the 
lower frequency higher wavelengths IR, which also includes near 
infrared, thermal infrared and mid infrared. For environmental 
studies the spectrum between UV and short radio waves are most 
useful. 

Multi-spectral images are often displayed as colour composites, 
using red, green and blue (RGB) to project bands in. For an image 
with a natural look, the red band from the satellite scene is dis-
played on the red channel, green on green and blue on blue. For 
the best detection of vegetation in remote sensing it can be helpful 
to create a false colour composite, distorting the projection of the 
bands. This can help by increasing or reducing differences to 
make the feature of interest more visible. Jones & Vaughan (2010) 
recommend creating a standard false colour composite (FCC), 
where NIR is projected on the red channel, red on green and 
green on red. This enhances the reflectance registered in the NIR 
band, which is responsive to vegetation and biomass; thereby 
vegetation will have a red tone. Another approach is to create an 
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NDVI colour composite (NDVICC). In the NDVICC the near 
infrared band is projected on red, a calculated NDVI image on 
green and green on blue. This creates a contrast rich image; where 
forest is displayed in green tones, open canopy forest in golden 
yellow and vegetated areas in yellow. Non-vegetated areas will be 
displayed in blue/magenta tones. (Sader & Winne, 1992; Crisp, 
2001)

Chemicals, molecules and gases in liquids and solids all interacts 
with energy in particular ways, the combination of all these pro-
cesses in the visible region makes it possible to perceive a colour 
of an object. Chlorophyll in plants effectively absorbs red and 
blue wavelengths, but not green, thus it is reflected and the plant 
appears to be green. In optical remote sensing it is the reflected 
energy rather than the absorbed, that is detected, and the varia-
tion makes it possible to, for example, study vegetation. ( Jones 
& Vaughan, 2010) Hence the radiations we observe in these 
regions are reflected solar radiation, which mainly are visible as 
visible light and in shorter wavelengths of the infrared spectrum. 
Thermal radiation is emitted by the object itself, and is strong 
in the infrared wavelengths, but not possible to perceive in the 
visible. (Dyring, 1973)

There are however further considerations to take into account, 
such as atmospheric disturbance in the form of attenuation of solar 
radiation on its way to earth and when reflected back. However 
the visible light between 400 to 700nm passes through the at-
mosphere with relatively little attenuation, while energy in the 
UV region is absorbed by ozone. Infrared regions are absorbed by 
carbon dioxide and water vapour, although there are windows in 
the infrared region where the energy are not absorbed. Another 
disturbance is the scattering of sunlight, by particles, back into 
the field of view without having interacted with the surface. The 
scattering is highly dependent on the particle size and the wave-
length, while long microwaves can pass through a water droplet, 
shorter wave visible radiation will be scattered. That is also the 
reason why microwaves can be useful even in cloudy conditions, 

frequency (Hz)
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Figure. 4 Illustration of an electromagnetic spectrum (Näsström, 
2015a)
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although they deliver a lower signal to noise ratio, meaning that 
the signal might pass through particles, but when reflected back 
it might be to weak to single out from the background noise. In 
general, it is possible to get rid of this noise from an image, in a 
procedure referred to as atmospheric correction, but with long 
wavelengths the signal might be too weak. ( Jones & Vaughan, 
2010)

Further important properties to take into account when choosing 
satellite images, is when the photo is taken. Not only does it affect 
the amount and greenness of the ground vegetation, but also 
the solar angle determining the overall brightness in the image. 
(Strahler, Woodcock and Smith, 1986) In order to compare im-
ages they have to be from the same time of the year, preferably 
the same month or season for reliable results. This is of course 
subjective to the regional climate and seasons of the study area, 
and the difference between images taken in June and September 
might not be as big over the equator as it might be in northern 
Europe. 

3.6.2. SENSORS

Strahler (Woodcock and Smith, 1986) defines as sensor as ”… 
a device which measures the intensity of electromagnetic radi-
ation.” (p. 122) Measurements from a sensor are the response to 
energy fluxes over the field of view, and how that is integrated and 
defined in the sensor. It can be recorded analogue, as continuous 
varying signals, or digitally, as single numeric values. A scene is the 
delineated area from which the sensor draws energy at a certain 
point in time, while an image is a collection of measurements of 
a scene. An image includes resolution cells, which are the average 
areas in each scene associated with the measurements, and pixels 
that are individual measurements or the manifestation of them. 

The most amount of information is acquired when a scene is 
scanned in several spectral bands simultaneously, what is called 
a multi-spectral image and enables advanced data processing. 
Combining bands sensitive to wavelengths relevant for the study 
can enhance information that otherwise would have been lost. 
(Dyring, 1973)

Launched in 1972 the Landsat program have been providing 
satellite images for over 40 years, thereby providing a modern 
library of land cover and ecosystems, often it is our only source 
for this. In 2008 a change in U.S. data policy made all Landsat 
data free and available to any user online. (Wulder, et.al. 2012)  
Kramer (1996) states that Landsat data are particularly useful for 
long-term estimations and monitoring of vegetation and biologi-
cal productivity. In this study images from three different sensors 
are used in order to provide good temporal coverage between 
1997-2013. The sensors used are TM, on Landsat 4-5, ETM+ on 
Landsat 7 and OLI-TIRS on Landsat 8. 
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3.6.3. SPECTRAL CLASSIFICATION

Traditional spectral classifications utilize the smallest measurable 
unit in the image, the pixel. In 1986 Strahler (Woodcock and 
Smith) differentiated between H and L resolution models. The 
definition of an H resolution model are that the elements in the 
scene are larger than the resolution cell, see Figure. 5, and the 
opposite are true for L-resolution models. The field of remote 
sensing has been expanding a lot since then, there is a need to 
add a medium resolution model in which the resolution is smaller 
than some of the elements in the scene while larger than some. A 
fact also discussed in Wulder (et.al. 2008) stating that large area 
land cover monitoring (LALC) previously focused on low spatial 
resolution while now shifting towards medium resolution. They 
define the different spatial resolutions as:

• Low = >100m

• Medium = <100m but >10m

• High = < 10m

To compare they calculate how many scenes it requires to cover 1 
million km2, using example swath widths, a low spatial resolution 
of 250m requires 0,69 scenes, 30m medium resolution is equal to 
29 scenes, while a high resolution of 5m requires 4444 scenes. 
Therefore a trade-off exists between resolution and number of 
scenes. It is crucial to know what of type resolution is needed be-
fore conducting the study. The resolution affects the swath width, 
the finer resolution the smaller the scene. To monitor land cover 
Wulder (et.al. 2008) recommends a width close to 200km, which 
approximately corresponds to Landsat’s 185km.

3.6.4. SUPERVISED CLASSIFICATION

In a supervised classification the classes in the scene are determined 
a priori, after which objects representing these classes are located 
in the image. Then the image is processed to sort all the elements 

Low Resolution Medium Resolution High Resolution

Figure. 5 Illustration of the implications of different resolutions in spectral classification (Näsström, 
2015)
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in the image into a class. (Strahler, Woodcock and Smith, 1986) 
To create the a priori data the user tells the program what certain 
pixels are, creating what is called training data. There are different 
versions of supervised classifications, the one most simple and 
straightforward is a box classifier. An issue with this approach is 
that pixels might be assigned to multiple classes due to overlap-
ping, or not assigned to any class. More elaborate algorithms are 
discriminate functions, which includes Euclidean distance and 
maximum-likelihood. These methods calculate a minimum or 
a maximum value of the pixels in order to assign each pixel to 
corresponding classes. (Rees, 1999)

3.6.5. UNSUPERVISED CLASSIFICATION

In an unsupervised approach the measurements are assumed to be 
random samples. If the parameters of each class are different, the 
measurements will be recorded in different groups identifiable by 
histogram or clustering techniques. Then it is left to associate each 
group with the different measurements. (Strahler, Woodcock and 
Smith, 1986) In difference to supervised classifications, the classes 
from an unsupervised classification do not necessarily correspond 
to ground cover classes; however it focuses on distinguish ability 
between them. (Rees, 1999)

3.7. CONCEPTUAL MODEL
Based on a model developed by Nordberg & Evertson (2003) and 
further elaborated and presented in Marklund (et.al. 2004) a con-
ceptual model adjusted to this study were developed, presented 
in Figure. 6 on page 54. This conceptual model describes the 
workflow for the remote sensing part of this study.

Since different methods are applied to detect deforestation 
different pre-processing calibrations are applied. The different 
requirements for spectral, and WICS classification are discussed 
under the corresponding sections.
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Figure. 6 

Satellitebased remote sensing to monitor    
deforestation  - work�ow

Choosing relevant Landsat satellite scenes, with suitable temporal 
interval (5-8 years) 

Pre-processing

 Radiometric Calibration

   RAW DN values to Top of the Atmosphere  
   (TOA) re�ectance 

 Relative radiometric normalization (RRN)

Di�erences in NDVI
(to indicate spectral di�erences 
of land cover)

Delineating 2 study areas by using WRIs Global Forest Watch

Di�erences in land cover 
using an WICS approach.

Standadizing the resluts
(Obs - µ) /stdev

Prepering the strati�ed 
random sampling method, 

for �eldstudies

Field Validation
Validating results against 

�eld data

Users & Producers 
accuracy

Maps over deforestation 
in the studyareas and 

method accuracy results.

     Relative radiometric normalization (RRN)

   Masking

   Cloud mask
   Mask for waterbodies

Creating NDVI Band
NDVI Colour Composite

Contextual approachSpectral approach

Conceptual model of the workflow for the remote 
sensing part of the study, the left approach represent the 
NDVI approach and the right approach represent WICS 
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3.8. SPECTRAL APPROACH
First the spectral approach will be discussed. The pre-processing 
includes radiometric calibration to TOA values, relative radi-
ometric normalization, NDVI calculations and standardization 
of the results. Pre-processing is important to perform for several 
reasons. The most common reason is to minimize the effect of 
atmospheric disturbances, which is why I used formulas 1-3. All 
of which are standard equations to transform DN-value images 
to top of the atmosphere reflectance values. Equations 4 and 5 are 
not standard, but good results have been acquired by for example 
Yang & Lo (2000) and Yuan & Elvidge (1996) when carrying 
out relative radiometric normalisation. This is done in order for 
images acquired at different times to be represented in the same 
scale, so that forest areas in image 1 have the same reflectance 
value as forest areas in image 2. Formula 6 is the actual spectral 
classification, in which reflectance values are being calculated 
after a commonly used method called NDVI. Formula 7 is used 
by Marklund (et.al. 2004) and the same method is also applied in 
this project to be able to numerically compare different scenes by 
giving them the same mean value as well as standard deviation. 

3.8.1. RADIOMETRIC CALIBRATION

The scenes downloaded from USGS are processed from reflec-
tance values to Digital Numbers (DNs). According to Jones & 
Vaughan (2010) it is possible to calculate NDVI from DN values, 
however, using reflectance values are recommended since they 
correct for differences in radiation and atmospheric scattering. 
Therefore the DN values must be converted back to reflectance 
values. Which, for all sensors except for Landsat 8 OLI TIRS is a 
two-step process. First DN values need to be converted to radi-
ance values, Formula. 1, step two is converting the radiance values 
to reflectance, Formula. 2 (Chander, Markham & Helder, 2009; 
NASA, n.d; Smith, 2005, Goslee, 2011).

Where L is the spectral radiance at the sensors aperture measured 
in [W/(m

2
Sr-1μm-1)], min and max radiance values for each band 

can be found in Landsat metadata files. DN is the digital numbers 
in the pixel, and DNmax  and DNmin are the max and min values in 
the band.

Formula. 1 Conversion of DN values to Radiance values

L = ((Lmax – Lmin) / (DNmax – DNmin)) * (DN – DNmin) + Lmin

Formula. 2 Conversion of Radiance values to Reflectance 
values

pas = ((π * L) * d2) / (Esun * cos θ)
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Equation 2 calculates unit less at-sensor reflectance (pas), by 
multiplying the previously determined radiance values (L) with π, 
and then by the squared value of the earth sun distance for the date 
the scene were acquired. The sum is then divided by the band-spe-
cific exoatmospheric solar irradiance value (Esun) multiplied by 
cos of the solar zenith angle (cos θ) that can be calculated from the 
solar elevation found in the image metadata.

For Landsat 8 scenes the metadata includes radiometric rescaling 
coefficients, Mp, a band specific multiplicative rescaling factor, 
and Ap, a band specific additive rescaling factor. The equation 
with correction for the sun angle is presented by Formula. 3 on 
page 56. Where Qcal is the pixels DN, and θse the scene centre 
sun elevation derived from the image metadata. (USGS, 2013).

3.8.2. RELATIVE RADIOMETRIC 
NORMALIZATION

When using different scenes registered during different times it is 
important to determine which differences, between images, are 
due to actual land change, and which are caused by sensor perfor-
mance, solar irradiance or atmospheric effects. (Yuan & Elvidge, 
1996) A relative radiometric normalization, RRN, corrects ra-
diometric differences between the images rather than correcting 
for inconsistencies in reflectance from the acquisition dates. (Sun, 
et.al, 2014) The method is based on normalization of the digital 
numbers between images, band by band, to a reference image. 
The subject images will then appear to be acquired under the same 
conditions and with the same sensor as the reference image. (Yuan 
& Elvidge, 1996) Different ways to do this are compared in Yuan 
& Elvidge (1996) and Yang & Lo (2000) and includes histogram 
matching, no change set and a pseudo invariant feature. The 
technique applied in this study is a linear regression normalization 
technique, it is the method that, visually and statistically, provides 
most accurate results. Another benefit with this technique is that 
is takes the entire image into account instead of using test areas. 

The spatial resolution of the reference image is an important 
consideration to take into account. When comparing a time series, 
accuracy is gained by using a reference image in the middle of the 
time sequence, to minimize spatial differences. (Yuan & Elvidge, 
1996)  Since there are not any major differences in spatial resolu-
tion between the scenes in this study, the temporal sequence was 
the determining factor in choosing reference image, therefore 
both study sites are based on the scenes from 2005. The linear re-
gression normalization technique rectifies images through a linear 

Formula. 3 Conversion of DN values to reflectance values 
for Landsat 8

pas  = (MpQcal + Ap) / sin θse
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transformation. It can easily be calculated in a regression analysis 
or graphically in a scattergram by comparing the pixels in the 
reference and the source image. The equation of the regression 
line is presented in Formula. 4.

Where S’k represents the normalized digital value of scene 1, band 
k, on date x. Where mk is the slope coefficient, Sk is the digital 
value of scene 1, band k on date x, and bk represents the offset. The 
fastest and most straightforward way to validate the results is 
trough a visual inspection, it can however be prone to subjectivity. 
To validate the results, statistically, the root mean square error 
(RMSE) is measured, according to Formula. 5 (Yang & Lo, 2000; 
Nordberg & Evertson, 2003). This is not the same RMSE as is 
previously accounted for. While the previous RMSE is the offset 
when the Landsat scenes are geometrically rectified, this RMSE 
is a value of the differences between reference image and subject 
image.

RMSEk measures how well the normalized image statistically 
agrees with the reference image. In Formula. 5, Sk represents the 
normalized digital number of band k in scene 1 on date x. Rk is the 
digital number of band k, on date y of the reference image, n is the 
total number of pixels in the scene. 

Formula. 4 Regression line

S’k = mkSk+bk 

Formula. 5 Root mean square of error

RMSEk = √ (1/(n) * ∑(S’k – Rk)
2)

Figure. 7 Comparison of mean reflectance values, raw image, 
reference image and normalized band values..
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This compares the subject image to the referenced image, if the 
difference is small (RMSE is small), it implies that the subject 
image is radiometrically normalized. The RMSE values are 
presented in Table. 4 on page 58, the overall lower scores from 
the normalized images, tell us that the method have reduced the 
radiometric differences between subject image and reference im-
age. The near infrared band for 2001 and 2010 in Indonesia shows 
a relative small decrease in RMSE  compared to the other bands. 
Both Yang & Lo (2000) and Yuan & Elvidge (1996) observed 
smaller decreases in the NIR bands compared to other bands, and 
discusses that the reason behind might be variation in vegetation, 
which are better registered in the infrared spectrum. Figure. 7 
compares calculated mean values pre and post the normalization, 
these normalization results are in line with results acquired by Sun 
(et.al, 2014).

The results from this study exhibited a decrease in the dynamic 
range, which according to Yang & Lo (2000) is one downside 
with using a linear regression normalization method. If the de-
crease is too big spectral signatures might become hard to distin-
guish from one another in the normalized image, however that 
was not the case in this study. For the RMSE to perform well it 
helps if the images are acquired during the same growth period, so 
there are no major differences in vegetation. For the Indonesian 
study area all images are acquired in June, therefore seasonal land 
cover differences are not considered to be significant. The same 
goes for Sri Lanka, where the southwest monsoon is dominating 
the climate between May-September, and images taken in June-
September falls within the same growth period.

Table. 4 Root Mean Square Error for the linear regression using 
reflectance values. The RMSE N represents the normal-
ized value. The 2005 bands have been used as reference.

STUDY AREA YEAR BAND RMSE RMSE N % IMPROVEMENT

Sri Lanka 2001 Red 0,200632297 0,01404 93%

2001 NIR 0,0334177 0,02015 40%

2014 NIR 0,03990479 0,01329 67%

2014 Red 0,0421 0,00299 93%

Indonesia 2001 NIR 0,033994242 0,02866 16%

2001 Red 0,008897807 0,00643 28%

2010 NIR 0,04239794 0,03077 27%

2010 Red 0,01358612 0,00511 62%
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3.8.3. MASKING

In this study different masks were applied in order to exclude areas 
that varies between the scenes for reasons other than change of 
land cover. These areas include water bodies, rivers, clouds and 
cloud shadows. The masking for water bodies were conducted by 
excluding extreme DN values, while the clouds and cloud shad-
ows were masked by a process of manual digitalization. Figure. 8 
on page 59 illustrates areas under mask in comparison with 
total areas for the study sites. In Indonesia 17% of the image are 
under mask, but only 1.5% is due to clouds and cloud shadows. In 
Sri Lanka 3% of the image is masked, and 0.4% is due to clouds 
and shadows. The high percentage under mask in Indonesia is 
mainly due to the study site being located by the coastline, and 
masked water areas includes the ocean. All in all 1,5% and 0,4% of 
total area being masked due to clouds must be considered as rela-
tively insignificant for the end result.

3.8.4. VEGETATION INDEX

A vegetation index calculates the reflectance, as measured in two 
or more bands, mathematically. It is most useful when applying 
the optical and near infrared bands due to the high reflectance 
from vegetation in those regions. Many indexes are defined by 
Rr, reflectance in the red band, and Ri, reflectance in the near 
infrared band. One of the most widely used approaches is NDVI,  
which in Rouse, Haas, Schell, Deering, and Harlan (1974) are 
defined as: (Formula. 6)

Figure. 8 Comparison of total areas and areas under mask

Formula. 6 NDVI

NDVI = Ri - Rr / Ri + Rr
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Due to the big difference in vegetation reflectance between the 
NIR and the red band the value for vegetated areas will be higher, 
while bare soil is lower. When the digital values of the NIR band 
is plotted in a scattergram with the values from the red band a 
pattern just like the one in Figure. 9 on page 60 is created. The 
lower horizontal part of the scattergram is referred to as the soil 
line, due to values from pixels reflecting bare soil is being clustered 
there, while the vertical left line of the points represents dense 
vegetation. This illustrates the strong reflectance of vegetation in 
the infrared part of the electromagnetic spectrum. The NDVI are 
applicable to both DNs, radiance and reflectance, but according to 
Jones & Vaughan (2010), for a vegetation index to be truly repre-
sentative it should be calculated from reflectance. The NDVI 
values ranges from 1 to -1 where positive values represents vege-
tated areas, the greater the value the more dense the vegetation. 
Zero and negative values represents urban areas, water and 
non-vegetated areas, due to low NIR reflectance. (Bakr, 2010; 
EUMeTrain, 2010)

The NDVI method are calculating absolute values registered by 
the sensor, in line with Jones & Vaughans (2010) recommendation 
of utilizing reflectance values the image DNs are therefore trans-
formed to reflectance before a RRN process are applied to nor-
malize the images against a reference image. From the normalized 
Red and Nir bands NDVI values are then calculated and another 
relative radiometric normalization process were applied, in order 
to reduce possible phenological differences. In line with Marklund 
et.al (2004) the reference images used for the NDVI RRN were 
the oldest scenes, based on the assumption that they represent the 
’original’ status of land cover. By subtracting the NDVI values of 

Figure. 9 Relationship between NIR and Red Band, creating the 
soil line in the lower part of the graph (Näsström, 2015a)
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the more recent scenes from the ‘original’ scenes NDVI difference 
maps can be calculated, where negative values represents a positive 
change, while positive values represent a negative change. A 
standardization of the results was then performed according to 
equation 7.

Figure. 10 Effects of image processing on the pixels, how the 
reflectance values are transformed from at satellite 
reflectance through an RRN transformation into NDVI 
values and finally standardized differentiation values.
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3.8.5. STANDARDIZATION OF THE RESULTS

Standardization of the results was performed in order to objec-
tively be able to compare different sites. The standardization were 
performed by subtracted the NDVI differences mean values (µ) 
from the pixel values (Pix), and divide by the standard deviation 
(σ), as illustrated in Formula. 7. After the standardization all 
NDVI differences have a mean value of 0, and a standard deviation 
of 1, this is a further measure to limit temporal and spatial differ-
ences between different images. (Marklund, et.al. 2004)

Figure. 10 on page 61 illustrates how the preprocessing proce-
dures change the values of the pixels in the images.

3.8.6. DETERMINATION OF THRESHOLDS

Theoretically the standardized intercept for change/no-change 
should be at 0, which however leaves no room for any margin of 
error. Although measurements have been carried out in order to 
make the conditions of the acquisition between the scenes as 
similar as possible, the fact remains that they have been acquired 
with different sensors at different times. Therefore a no-change 
buffer-zone to compensate for uncertainties in the data was creat-
ed after a model used in Marklund (et.al. 2004).

Formula. 7 Standardization of NDVI values

Standardized value = (Pix- µ) / σ

Figure. 11 Graph illustrating how threshold values were deter-
mined by plotting standardized pixel values with percent 
of verification areas.
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The first stage of developing a scheme to determine the thresholds 
is to divide the study area in different strata. This was done su-
pervised, in order to cover the different spans of land cover, and 3 
strata were created. High-resolution satellite images from Google 
Earth were used for Sri Lanka verification, (Google, 2014, 2014a 
& 2014b) while an additional Landsat scene from 2010 (Landsat, 
2010a) was used for Indonesia verification. Figure. 11 on page 
62 illustrates how the threshold were determined by plotting 
the strata NDVI values corresponding with verified forest / 
no-forest areas with percent of verified total area. By plotting this 
relationship two trendlines can be drawn and their intercept gives 
the threshold value for the scene. For Sri Lanka the calculated 
no change value is -1,26, and since both an increase in NDVI is 
expected as well as a decrease the same threshold is used for posi-
tive change. This creates 3 classes in the NDVI classification. For 
Indonesia the intercept are -1,25, which were used as a threshold 
value. 

• < -1,26  Positive change, increase in NDVI

•  -1,26-1,26  No change areas

• >1,26  Negative change, decrease in NDVI

3.9. WICS
This paper draws upon Nielsens (2014) method of WICS, to 
make additional use of spatial patterns for classification of land 
use in remote sensing. The method is chosen in opposition to 
the traditional single pixel spectral classification used in RS. The 
traditional method of per-pixel based analysis can be problematic 
in analysing images where spatial signature might resemble one 
another, due to their usage of the smallest unit, the pixel. (Walter, 
2003) Similar arguments have also been made by Wästfelt (2009) 
whom discusses the limitations of current satellite imagery clas-
sification methods, in handling heterogeneous or multiple land 
cover classes. 

The Window Independent Context Segmentation method 
(WICS) used in this study starts with a spectrally classified image 
and calculates nearest neighbour distances to different spectral 
classes and uses the distances to group pixels into new classes. The 
WISC method resembles an OBIA approach (Object based image 
analysis), in that it account for spatial information surrounding 
the pixel, but they differ in that it also uses the spectral values 
along with the geographical distances. The end result is based 
on surrounding spatial similarities for each pixel, calculated from 
spectral pixel values. An important note is that the pixels initial 
spectral value does not influence the end result. (Nielsen, 2014) 

Three settings can be adjusted in Choros Mapper (the software 
used for the WICS approach), the number of classes for the end 
result, the amount of pixels the classification should take into 
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account (radius) and smoothing. For this study values based on 
the nearest 15 pixels were calculated. A high value (radius) means 
more surrounding pixel is taken into account, while a low value 
more resembles a traditional spectral classification. Smoothing is 
performed by comparing every pixel with the closest 14. If it is not 
a member of the majority class, it will be reassigned to it, thereby 
weeding out the rough pixels. ( Jones & Vaughan, 2010) It was 
found that higher radius created a more generalized result, where 
narrow strips of land use X located between Y were smoothed out. 
For this study 5 different classes were mapped, the WICS settings 
were determined by using an inductive approach. The categories 
classified are;

• Dense trees with closed canopies

• Open canopy forest (Golden tone in NDVICC)

• Scattered vegetation and homegarden areas

• None-vegetated areas

• No data

These were determined to provide the most accurate results. 
Since Choros is an image analysing software it will classify no 
data areas as one class. Depending on the input, different image 
contrasts will be created and affect the results. This project used 
a NDVICC image.1 And the NDVI band were created by using 
Formula. 6 on page 59.

WICS, do not utilize pixel values in the same way as a spectral 
classification. Therefore calculating radiance and reflectance val-
ues are not required. An RRN process was applied to normalize 
the images against each over, mean values are presented in Figure. 
12 and RMSE results in Table. 5 on page 65 Noticeable is the 
same low scores for NIR bands for Sri Lanka 2001 and Indonesia 
2001 and 2010..

1 As a side study WICS classification of false colour composites (FCC) were 
compared to NDVI colour composites (NDVICC). This is presented in 
Appendix 1.

Figure. 12 Comparison mean pixel values between raw-image, 
reference image and normalized image bands 
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3.10. VERIFICATION
Dyring (1973) states that even sophisticated remote sensing tech-
niques depend on ground verification data in order to be valuable. 
While Congalton (1991) discusses the importance of the research-
er to have a strong knowledge of factors needed and techniques 
used, to perform accuracy assessments for digitally remotely 
sensed analyses. Historically accuracy assessments been more of 
an afterthought than a part of the project, and the results were 
compared to training data leaving the assessment open for errors. 
When these flaws were discovered more site-specific techniques 
were developed, most commonly they are accounted for in error 
matrices. The matrix account for the number of pixels assigned to 
a category in relation to the verified data. According to Congalton 
(1991) this is a very effective way to calculate accuracy, it describes 
the accuracy of each category as well as omission and commission 
errors. The matrix can then be used as a base for further analyses, 
an example of that is an overall accuracy, computed by dividing 
the correctly classified pixels by all pixels. 

The most popular methods used to calculate accuracy are pro-
ducers and users accuracy. The producers accuracy measure the 
omission error and is conducted by dividing the total number 
of correct pixels of category x with the total number of pixels of 
category x. It indicates how likely it is that a verified reference 

Table. 5 Root-Mean-Square-Errors (RMSE) of raw and normal-
ized images. With 2005 images used as reference scenes.

STUDY AREA YEAR BAND RMSE RMSE N % IMPROVEMENT

Sri Lanka 2001 Red 13.663 5.78 58%

2001 NIR 9.896 6.63 33%

2001 Green 6.315 2.74 57%

Sri Lanka 2014 NIR 1733.3 5.2 100%

2014 Red 678.29 4.75 99%

2014 Green 399.69 2.79 99%

Indonesia 2001 NIR 11.575 10.76661 7%

2001 Red 10.116 3.16943 69%

2001 Green 8.007 2.33758 71%

Indonesia 2014 NIR 14.114 12.62928 11%

2014 Green 8.071 2.14898 73%

2014 Red 10.227 2.69882 74%
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pixel are correctly classified. Thereby answering the question of 
how well a certain area can be classified. 

The commission error is measured by users accuracy, and the 
calculations are similar to producers accuracy with the main 
difference that instead of dividing the total number of correctly 
classified pixels of category x with the total number of pixels in 
category x, they are divided with the total number of pixels that 
were classified as category x. This calculates the odds that a pixel 
classified as category x, actually belongs to that category. The two 
methods complement each over, if the producers accuracy tell us 
that most areas of category x have been correctly classified the 
users accuracy will tell us how many percent that were classified 
as category x were done so correctly. 

The factors needed to take into account as presented by Congalton 
(1991) includes ground verification data collection, classification 
scheme, sample size and sampling scheme. 

The ground data collection is necessary to assess remote sens-
ing classifications. Considerations need to be given to the level 
of accuracy needed for ground truth data. The various scales of 
data collection can range from obtaining a land cover map to 
manually measuring and registering canopy height and tree di-
ameter. (Congalton, 1991) Jones & Vaughan (2010) discusses the 
general use of the term “ground truth”, which implies an absolute 
certainty, which rarely are the case. Therefore the term ground 
verification data is used in this study. The Sri Lanka site was 
chosen for ground verification in this study due to it exhibiting 
more diversified results and the existence of homegarden areas. 
As previously mentioned this land use category can be difficult 
to separate from forest areas, and it is therefore a good place to 
perform accuracy assessments in. The field study was carried 
out during 2 weeks in the spring of 2015, and was made possible 
through a scholarship from SSAG. After going to Kandy in Sri 
Lanka the study sites were reached by hiring a car and a driver. 
Thereafter the predetermined sample sites and field strata’s were 
used as guidelines, since the exact coordinates sometimes proved 
inaccessible. The car were used for transport between areas, when 
gathering the ground data I was walking around by foot to get 
further away from the roads. When arriving at the verification 
sites a GPS were used to save the coordinates, and the land-use 
where classified and recorded along with photos of each site. This 
to rule out any misclassifications and to minimize the risk of a data 
loss by adding more sources.

The classification scheme can be an already existing scheme, or 
guided by the objectives in the study. What is important to bear 
in mind is that every area in the scene needs to be included and 
that pixels should only be assigned to one class. (Congalton, 1991) 
The level of accuracy in the study can determine the classification 
scheme, in this study the aim is to delineate forest areas from other 
types of land use and thereby there is no need to be as detailed 
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as delineating different types of forest or different types of crops 
grown. 

Sample size is important when assessing the accuracy of remotely 
sensed data. Even though equations exists to calculate the amount 
of sample points, there are no perfect way of determining how 
big the required sample size should be. The existing methods, as 
discussed in Congalton (1991), are based on binomial distribution 
which are not easily combined with error matrices who requires 
more than what is right and wrong, but rather to know which 
categories represents the fault. It is therefore important that suf-
ficient samples are gathered rather than just quantities of samples. 
Congalton proposes a minimum of 50 samples for each land use 
category, and 75-100 samples for areas larger than a million acres, 
with a reservation that the sample size can be adjusted for the 
relative importance of the categories. Drawing inspiration from 
CFS (2011) a method to determine how many sample sites needed 
were developed. Firstly considerations need to be given to the 
sampling scheme applied. Selecting the right scheme is crucial to 
generate an error matrix that represents the entire image, since 
a poor choice of method can result in biases. (Congalton, 1991; 
Jones & Vaughan, 2010 ) Despite the fact that a truly random 
sampling method often are recommended for statistical purposes 
this project applies a stratified random sampling method, which 
according to Jones & Vaughan (2010) reduces the chance of under 
sampled categories while avoiding operator biases. The biggest 
problem with random points, as discussed by Congalton (1991) is 
that they are only random from behind the desk. In the field they 
can prove to be inaccessible due to natural obstacles or protected 
areas. Therefore the randomized sample sites are considered as 
guidelines for in field verification.

In order to develop a scheme to determine the amount of samples, 
5 strata were created, which together covers approximately 27% 
of the study site. The aim is to randomly distribute points in these 
strata and in order to determine the amount of sample points per 
strata Formula. 8 were developed.

Were A represents the total area of the strata, in hectare, P is the 
desired precision level, which in this study is 95%, and T is the 
sample size in hectare. That is divided by µ, the mean value of the 
band and the standard deviation (σ) is added to the quotient. This 
equation takes into account the size of the study area and desired 
precision level in relation to the actual size of the sample plots (The 
ha value of a pixel were used as sample size). When dividing by the 
mean value of the band high means reduces the amount of sample 
plots while low means has the opposite effect, this is corrected for 
by using the standard deviation as an additive factor, giving a high 
standard deviation a large influence of the number of sample sites. 

Formula. 8 Determination of number of verification sites

(A*P*T) / µ) +  σ
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Since this study utilizes 3 different datasets, Spectral classification, 
Hansen’s dataset and the results from WICS, a mean value of 
sample sites were calculated. For the images classified using a 
WICS method a scale from 0-100 were used, 100 were assigned to 
the category of dense vegetation, yellow vegetation value 75 and 
down to non-vegetated areas as 0. Since the normalized reflec-
tance NDVI values were used from the spectral approach a multi-
plicative factor of 100 were used in order for the values to be 
represented by the same scale as the other methods. For Hansen’s 

(et.al) dataset the values already ranges from 0-100. The amount 
of sample sites for each strata is presented in Table. 6 on page 68 
and visualized in Figure. 13, and examples of on the ground classes 
can be seen in Figure. 14 on page 70. The coordinates for each 
sample were acquired and exported as a table, to use as a guide for 
sample site selection in field. The total amount of sample sites as 
resulting from Formula. 8 is 191, which is above the recommen-
dations discussed by Congalton (1991). While the total end result 
of sample sites after the field study were 202.

Table. 6 Field verification sites per strata

STRATA 1 STRATA 2 STRATA 3 STRATA 4 STRATA 5

Average 42 36 38 32 43

Figure. 13 Visualization of field verification strata, and sample sites.
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3.11. PREPARING THE RESULTS
In order to calculate a result from the study some further pro-
cessing had to be done. For all datasets only areas larger than 
1ha were included when calculating land degradation, therefore 
all areas smaller that are classified as degraded are unaccounted 
for in the land degradation datasets. For the Hansen dataset no 
further preprocessing was carried out besides the classification 
into previously discussed intervals. For the NDVI data, an in-
tersect between degraded land areas 2001-2010 and 2005-2010 
were created for Indonesia and 2001-2014 and 2005-14 for Sri 
Lanka, only areas prevalent in both datasets are accounted for 
as degraded. For the WICS data the two different forest classes, 
dense and open canopy cover were combined into one dataset, 
in order to remove the impact from conversions between forest 
classes. Which for the Indonesian data represented around 15% 
of the areas classified as degraded for each comparison, while the 
same phenomena for Sri Lanka scenes were not prevalent. The 
classification of degraded areas applied a similar approach as for 
the NDVI data, where an intersect of the differences between 
2001-2014 and 2005-2014 determined which areas represented 
degraded areas. The biggest flaw with this method is that areas 
deforested between 2001-2005 may disappear unaccounted for. 
Another effect of this approach is that areas classified as afforested 
between 2001-2005 and deforested 2005-2014 or vice versa wont 
show up as degraded areas. Combining the 2 different dataset 
will however increase the reliability of the analysis and thereby 
outweigh the potential cons by creating confirmed data rather 
than single cases. For the preparation of the maps an equal interval 
classification were used for both Hansen’s data as well as for the 
NDVI. The equal interval was chosen for Hansen’s dataset due to 
predefined intervals as discussed in the beginning of this method 
chapter, while for the NDVI the same principles and intervals 
were used. Thereby the NDVI class 0-25% represents the areas 
with the lowest 25% of the NDVI values while the class 76-100% 
represents the highest 25% in the scale. This approach were 
chosen in contrast to the common approach, discussed by Jones 
& Vaughan (2010), in which areas under 0,1 represent non-vege-
tated areas and values over 0,5 represents densely vegetated areas. 
Due to the decrease in dynamic range from the RRN processing 
this approach were not applicable, instead the classes were chosen 
arbitrary and determined after which interval they belonged to, 
an approach previously used by de Bie et al. (2010).
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Figure. 14 Images of different landuse categories as classified 
in field. Top left showing a forest area, top right home-
garden area and bottom picture is an example of open 
land. (Näsström, 2015b)



4. RESULTS
The results below are based on information gathered at 
plenary sessions and discussion groups at a sustainable 
supply chain conference in London 2014, as well as inter-
views with CSR professionals from TNCs during and post 
the conference. The section will be split up in theme based 
categories, and the disposition of the result part starts with 
a presentation of the results regarding CSR and monitor-
ing practices, followed by remote sensing results acquired 
from analyses and ground verification in Sri Lanka. 
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4.1. RESULTS
Due to the nature of the subject, and the fact that some of the 
participating companies from the interviews and the observation 
requested to be presented with confidentiality, all of the companies 
are coded and presented as company A-M and NGO A-E. A brief 
presentation of what branch each company is active in follows.  
All companies are TNCs with activities and suppliers spread out 
globally. It is important to emphasis that even if the company 
itself does not sell wood-based products their approach to value 
chain monitoring is still relevant in order to map various views 
and practises in supplier monitoring. It is also worth stressing that 
even if companies are not wood-based they can still affect land-
use indirectly through products such as palm oil and ethanol for 
example, which are both causing deforestation through expansion 
of areas covered by plantations. (Newton, Agrawal & Wollenberg, 
2013)

Company A is a transnational company selling products for homes, 
such as furniture and utensils, a branch with a direct impact on 
forests through the use of wood in products. The views assigned 
to company A were expressed during a semi-structured interview 
during December 2014.  

Company B, F, G, I, J and K are all companies working with 
technology, selling and producing different types of products. 
Even though this branch might not have a direct impact on de-
forestation they have to be very careful where they source their 
rawmaterial from and thus their participation in this study is most 
relevant. The views assigned to these companies were expressed 
during a supply chain summit in November 2014.   

Company D, E, H, L, and M are all selling and producing food 
and beverage products. Their impact is mainly indirect and occurs 
when forest are cut down to create or expand plantations. The 
views assigned to these companies were expressed during a supply 
chain summit in November 2014.   

Company C is the only representative from the textile industry, 
which impact land use change through conversion of forest areas 
into plantations to grow wood fibre and cotton used in clothes 
production. The views assigned to company C were expressed 
during a semi structured interview in November 2014.  

All data gathered from NGOs were collected during a supply 
chain conference they attended in November 2014.

• NGO A works internationally with labor rights.

• NGO B is a leading organization in terms of global water 
access and quality.

• NGO C and D are both big players in global sustainability 
and environmental issues.

• NGO E is a global player working to reduce poverty. 
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4.2. MONITORING
“In the supply chains one of the first things is brand reputation, 
so the first thing to think about is what is going on and how to 
find out about it, it is plausible liability. Audits create the baseline, 
but there are no resources to audit as thorough as needed. If you 
have short-term relations with suppliers, audits is the way to go, 
but for long-term relations, investing land collaborating are more 
sustainable. “ CSR manager at company F

In general audits are considered a necessary evil, it seems to be 
widely accepted that audits are limited, flawed and costly to per-
form. Reducing the amounts of audits would free up resources for 
different approaches. One limitation with the auditing approach is 
that it is a measurement tool, and you need other tools to address the 
results of the audit with. Most companies do have their own staff 
working with supplier auditing, TNC A and B employs 150-200 
people that can perform code of conduct auditing, and they still only 
audit to a first Tier level. Company C have a different approach, they 
are focusing on areas and making risk assessment beyond the first 
tier level, and use them as a base when deciding where in the supply 
chain to audit. “It is important to understand what the challenges 
are, and how to best measure our impact” (Manager at company C) 
While other companies solely rely on third party audits, company 
A believes that their own audits perform better than 3rd parties, the 
point is illustrated by the Forest Stewardship Council (FSC) whom 
only audit issues in regards to sustainable forestry, and therefore 
complimentary audits has to be performed. Company D applies 
another approach by centralizing their monitoring activities around 
self-assessments by the suppliers, applying a standardized auditing 
protocol. This demands that suppliers have goals they can account 
for, regarding for example their water, carbon and energy impact. 
They further encourage companies to have their own CSR reports, 
however it is not a requirement. Similar approaches are taken by 
different companies who all expect their suppliers to live up to the 
standards of their code of conduct, supplier code or environmen-
tal policy. To measure this company G implemented a scorecard 
evaluation technique, taking into account auditing results, envi-
ronmental goals and KPIs. 

Company E which is a major player in the food industry are build-
ing their own team in Asia, in order to get closer to the action and 
thereby have a bigger impact compared to using external auditors. 
Their size is further allowing them more independence and giv-
ing them the ability to set demands on their suppliers, “implement 
this or we wont work with you”. 

One problem brought up by NGO A is widespread corruption and 
bribery, which is a major issue along with poor auditing. Cheating 
is also endemic in the industry; many factories in China have been 
telling NGO A how they cheat customers. 
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4.3. MAPPING THE SUPPLY 
CHAIN

In order to know who to monitor, companies need to track their 
suppliers down the tiers. Different attempts with varying degrees 
of ambition are being carried out, company A states that different 
materials are variously hard to track the original source from. In 
palm oil for example it is hard to track suppliers since you have to 
know where the oil is being processed and then from the refinery 
track it back to the growers. Due to the complexity of global trade, 
it is hard to reconstruct a supply chain.

Company C have information about all of their suppliers down 
to a Tier 2 level, while company E only have information to the 
first Tier level and do not see the point in going beyond that before 
all problems are fixed at that level. Company I also stops at the 
first Tier, saying it is impossible to track suppliers further down. 
Company C analyse regions beyond tier 2, and make judgment 
over the risks connected to each region, companies further down 
the Tiers can then be audited if they are located in high risk areas. 
Down to Tier 1 and 2 most companies seem to think it is rela-
tively easy with transparency, while further down it gets harder. 
Company B highlights one of the biggest challenges today, how 
to simultaneously get both width and depth

A different approach is taken by company E, they are building hubs 
all around the world, in order to get closer and to purchase straight 
from the source, thereby getting a closer relation to the farm as 
well as more control over sustainability aspects. An interesting 
theoretical approach is put forward by NGO E, who thinks the 
concept of supply chains is to vertical, and it should be substituted 
for the more horizontal value chain network concept, then we 
can start using all the resources embedded in the network and 
turn risks into strengths. For some companies this is a bigger task 
than for others, company H, a leading actor in global commodity 
production, managed to track all their supplier all the way, and are 
aiming to assess them.  At a 1 Tier level they have approximately 
400 000 suppliers, which have a multiplying effect down the tiers.

Besides self monitoring of suppliers company D also work closely 
with 275 out of their 10 000 first tier suppliers. This is a strategy 
also employed by company H, who uses a small group of suppliers, 
representing a lion share of their trade as a multi-stakeholder focus 
group, with the aim to learn from experiences and good practices.
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4.4. REMOTE SENSING
With the development of Global Forest Watch company H claims 
they will use the technology to track supply chain deforestation. 
They are not yet entirely sure how to implement it, besides using 
GFW alerts. And if something shows up they will take action to 
address the land use change. “The information is out there for 
anyone, so all companies need to work transparently with it.” The 
quote really highlights the power of remote sensing and GFW, 
while addressing the reputational risks embedded in not working 
with transparency.

A different opinion is aired by company A, who does not believe 
remote sensing can help in CSR, mainly due to a lot of manual 
work required, limitations in ground truth data and uncertainty 
of processing methods. A further considerations are that spectral 
signatures might be hard to determine, are you mapping canopy 
cover or forest areas? Rubber plants resemble forest in its spectral 
signature, should that be mapped as forest, company A rhetorically 
asks. To use RS you need a clear aim, do you want to determine 
land cover changes or areas covered with forest? It is a big differ-
ence between looking at the forest and making interpretations of 
loss and connecting it to the supply chain. It would be easier if you 
know who the local company is, but if not it will be hard.

4.5. COLLABORATION
Monitoring is necessary for trust, otherwise companies are so 
vulnerable, without trust you cannot build a collaborative re-
lationship, vis-à-vis monitoring is necessary for a collaborative 
approach. (CSR manager at company H) 

Company C is of a different opinion and think that monitoring 
and development of suppliers should be kept apart, even if it is 
hard.

According to representatives from company D and I, more col-
laboration is a coming trend, to work on a long-term basis with 
developing suppliers sustainability work will in the long run lead 
to better productivity. Meeting international standards might also 
lead to less employee fluctuation and better preconditions to plan 
the workload. 

“We want to explore more training with suppliers, we need a 
collaborative approach in order to understand their challenges. 
To understand how we as a focal company can support suppliers 
to achieve sustainable sourcing.” (Company B) Other companies 
share this view and further argue that it has to be a relationship 
rather than a business transaction.



76

Reaching the 2014 New York Declaration on Forests Goals, using satellites to monitor global value chains

Company K is a high-tech company, who recommends that 
companies should stick with the suppliers they have. Before con-
sidering boycotts of suppliers it is important to reflect upon the 
consequences, will a boycott improve the situation? If everyone 
would leave the regions that do not live up to the standards what 
kind of companies would then be left there? K are therefore try-
ing to minimize the amount of suppliers they have and work on 
building relationships with the suppliers they do have, instead of 
focusing on short-term cost reduction. An important aspect is 
then to be consequent and stick to your suppliers, if they have to 
raise prices to implement new sustainable practices they have to 
know the buying companies stick with them.

Sub-suppliers in tier 2 and tier 3 might be a comparative advan-
tage to tier 1 suppliers, therefore they might be hesitant to disclose 
them. Some companies’ mentions that suppliers do not want to 
give out information of their sub-suppliers. In company Ks expe-
rience this information is easier to access as a part of the deal when 
signing with new suppliers.

Company L focuses on looking into the future, and they try to un-
derstand the context of every supply chain and attach a dollar value 
to the facing challenges. That enables them to reach everyone with 
the message in terms easier to comprehend. For example, if you 
need to treat water to make it usable, or if their reputation takes 
a hit due to a scandal somewhere, it is possible to value that cost 
in dollar, and to use it when arguing for sustainable investments. 
Sustainable investments are most often long-term investments, 
and one issue is to estimate when you get your money back.

The implications of being the first one to audit a supply chain are 
something company M experienced when establishing suppliers 
in a country they had not done business in previously. They resist-
ed the use of external audits since they wanted to collaborate with 
the suppliers, but when auditing for the first time it created chaos, 
and they needed to step back and work on trust building before 
working towards assessing the new suppliers.

4.6. INVOLVEMENT
Who should be involved in the sustainability work at the suppli-
ers? NGO A are convinced it is not enough involving managers, 
instead all workers must be engaged in sustainability issues, which 
in turn would make them more productive. A comment on that, 
from company E, is how to scale up such initiatives, since engag-
ing workers can be expensive, and how do you make sure you hear 
from all the workers?

One way to hear from workers directly, discussed by NGO A 
and company K, is through workers helplines. This can be a good 
compliment to audits, where workers can express themselves 
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more freely, which in some cases can be a challenge, therefore an 
anonymous helpline can be advantageous for workers to express 
themselves and for companies to get different perspectives of local 
contexts. A similar approach is used by company H who uses 
questionnaires during audits, and always ends by asking for mo-
bile numbers so they can follow up later from a different setting.

4.7. TRANSPARENCY AND 
TRANSFERENCE

Besides collaboration as a future trend, transparency and transfer-
ence are certainly two of the most heavily discussed concepts for 
the future. 

On a question regarding if any extent of issues would prevent 
them from working with suppliers, company K replies that they 
do have certain benchmarks, although trust is much more im-
portant than perfect initial circumstances. If suppliers are being 
dishonest and narrow-minded it is a deal breaker. But if they are 
open, transparent and willing to work on their issues company K 
are want to assist in that process. 

Company D, discusses their own transparency, and how they 
decided to disclose their biggest issues and top findings in their 
annual CSR report. As far as possible they try to be open about 
what issues they are facing, to the public as well as to peers in the 
industry, some companies even has sharing information as a com-
pany value. That is where transparency relates to transference, and 
they see a lot of value in sharing information. 

Company F feels overwhelmed by the available information, there 
is too much to decide what to share and needs to be organized in 
order to be relevant. There are different groups of retailers sharing 
information, and they are happy for the external input, but they feel 
it is hard to determine which information that is important. NGO 
B thinks it has to do with companies understanding the value of 
cooperation. They need to establish a common understanding of 
the issue and to focus on positive aspects, what is solvable rather 
then the big issues that seem overwhelming in the beginning. 
Company I, continues on this line of argument, saying that this 
builds on trust between different companies, which can be hard to 
establish. Therefore transference needs to be built on a non-com-
petitive basis, and unless CSR is a very important part of your 
brand it has the potential to be that space. The key to establishing 
one such space is according to NGO B that governments establish 
a base trough legislation or regulation, and that companies comes 
together and formulate a common code of conduct. Then it wont 
be a competitive advantage since all companies are working to-
wards the same code. One such example is Better Coal, which 
building on existing standards, was formed by different actors 
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in order to create one comprehensive approach for continuous 
improvement in the coal sector. 

4.8. LEADERSHIP
According to NGO C, many networks today are used for col-
lective talking, what is needed however are collective action, 
which not many networks provide. Therefore they are inclined to 
subscribe to the ones that do. To create a network that takes action 
requires that a company step up as leader for the rest to follow. If an 
umbrella organization steps up the action is lost. Currently there 
are good examples of companies acting as leaders, trying to do 
good, but corrupt governments are standing in their way, holding 
them back. 

4.9. LEGISLATION
NGO C believes that companies still needs to go beyond suppliers, 
and include the local and national economy, through the involve-
ment of the government. A view shared by company E, who says: 
“If we should face the challenge of feeding 9 billion people we 
need to move beyond certification into continuous improvement. 
We need to lobby more to governments in order to collaborate 
more and put pressure on them to level the plain field generally in 
equality.” Legislation needs to be strong so that not one company 
has to take the lead, but every company in the country has the 
same working benchmark. If this could be achieved companies 
would not have to consider how much a living wage is in every 
country were they operate, since it would be stipulated by legis-
lation. NGO D uses Indonesia as an example: “there are no land 
claims on areas in Indonesia, so it is easy for people to claim the 
land, which leads to deforestation. Weak land rights is a big issue 
causing deforestation. The Indonesian government have initiated 
a one map approach where they try to establish boundaries. Much 
work is left to do in making laws and regulation regarding land 
rights clearer.

4.10. TECHNOLOGY AND 
INNOVATION

Companies as well as NGOs unison agree that the power of tech-
nology needs to be utilized. NGO C argues that over 6 billion 
people have access to telecommunication today, the world has 
never been smaller. NGO D discusses the importance of technol-
ogy, and mentions Global Forest Watch as an example. “…There 
is technology that are able to map where primary and intact forests 
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and levels of carbon stocks in forest are located” Other tools men-
tioned are Google Sky-box which will provide 30 second films 
with a 2m resolution over earth, and ZSL, sustainable palm oil 
platform. With all this technology NGO D is of the opinion that 
it will be easier to track deforestation in relation to multinational 
corporations than by smallholders in the future. It is important for 
governments to follow this development, and implement strong 
regulations and legislations. 

4.11. CERTIFICATION AND 
STANDARDIZATION

If the same supplier works with several buyers, another issue 
occurs. According to NGO A, a factory that supply 8-10 focal 
companies are audited approximately 10-20 times per year. Each 
company is asking for lower prices, more innovation, fair wages, 
lead times and volumes. It is to much for suppliers and the middle 
managers gets stuck in the middle often to weak to stand up against 
the buying company, there is a need for standardization schemes 
to protect suppliers and the managers working there. One such 
scheme is FSCs certification, which controls that suppliers are 
living up to the standardized demands. Company A elaborates as 
to why they prefer to use FSC certified suppliers, “A strength with 
FSC is the open discussion regarding trade-offs between eco-
nomical, ecological and social sustainability. That is not a black 
and white relationship, but rather a dynamic discussion where the 
weights constantly change and which policies and guidelines must 
adapt to.”

Company C perform audits by themselves, but that is not neces-
sary since their suppliers already are 3rd party audited, plus they 
feel that NGOs prefer if a 3rd party conducts the audits. From 
the side of the certifier, Rainforest Alliance strongly believe they 
cannot affect change unless they get commitment from businesses.

4.12. CUSTOMERS
“There are no green premiums, the consumer should not have to 
pay more, they have not been exploiting workers and suppliers, 
companies got themselves into this mess and it is up to them to 
fix it.” (Company I) Several companies present the same scenario 
that customers are not pushing as hard as expected for sustaina-
bility, when given a choice they still go for the cheapest products. 
NGO C resembles the situation to cigarettes, and how legislation 
changed the habits of smokers, the same must happen today in the 
supply chain. 
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4.13. IMPLEMENTATION 
For companies it is important with collaboration, since the issues 
at hand are so big it is difficult to work isolated. They first need to 
be a bit selective, and choose areas where they could have the big-
gest impact, and then they should collaborate with NGOs to get 
technical advice and together write a policy and make it public. 
For the implementation phase they need executive commitment. 
Company D has experience in getting everyone on-board behind 
a new policy, only for the interest to fade out after a while. If 
you have a signature from the companies CEO, it can prove very 
valuable when the interest starts fading. The next step, according 
to Company B, should be to train procurement staff, it is most 
often they who makes deals with suppliers. It could also be val-
uable to have people from CSR departments working alongside 
procurement staff, to ease the integration of sustainability into the 
core of procurement, since in most cases it is easier to implement 
CSR policy’s in the beginning of a deal rather than towards the 
end. For the rest of the staff, company C works with E-learning, 
that both suppliers and internal staff needs to fulfil. If suppliers are 
not living up to the policy audits and interventions should be used 
to change that. (NGO D)

Interventions does not have to be negative, several companies 
mentions how suppliers need incentives to work with sustainabil-
ity. They need to get additional revenue, or be preferred suppliers 
or just get some kind of premium for efforts in sustainability. 
(Company I and J)

They further need to work on aligning their CSR policies with 
their business strategies. NGO E do not think it is correlating that 
companies are trying to buy as cheap commodities as possible, 
while at the same time collaborate to pay more fair wages. 

4.14. DEFORESTATION
In order to end supply chain deforestation, one first has to decide 
what deforestation is. When asked NGO D confirms it’s a tough 
question, but that they usually classify anything greater than 1 
hectare changing from natural forest to none forest as deforest-
ation. They further believe that we do have the opportunity to 
end deforestation, and mentions the recent New York Declaration 
on Forests as a good stepping-stone. Ten years ago companies 
had policy’s concerning timber sourcing but not much else. The 
last decade have transformed how companies act and think about 
sustainability and responsibility. On a global scale there is about 
50 actors in control of the major trade with forests products, com-
mitments from them would go a long way. The situation is similar 
in global palm oil trade where a few companies controls approx-
imately 60% of global trade. Recently they all committed to no 
deforestation initiatives in their supply chains. “If no one wants 
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to buy products leading to deforestation the market for them will 
seize to exist. Thereby the responsibility is on the buyers and the 
consumers to decrease the demand. And according to NGO D, 
deforestation is starting to see real change, much due to businesses 
stepping up along with NGOs. 

These results will be further discussed after a presentation of the 
remote sensing results below. 

4.15. REMOTE SENSING 
RESULTS

Table. 7 presents the results from the method study, for the Sri 
Lanka scene a large inconsistency exists between areas mapped as 
degraded between the different techniques. The NDVI and 
WICS mapped a similar amount of areas as degraded, Looking at 
Figure. 15 on page 82, the areas mapped are different and only 
correlates with 9%. The Hansen data for the same area only re-
cords 3328 ha as degraded, which is significantly lower than 
WICS and NDVI, and correlates to 30% with the former and 9% 
with the latter. For the Indonesia scene(Figure. 16 on page 83) 
the NDVI approach records, by far, the least amount of degraded 
areas, while the Hansen data classifies 13% of the total unmasked 
areas as degraded, the general trend for both sites are that the 
WICS results are in the middle of the other approaches. 
Corresponding in Indonesia with 40% to Hansen and 55% to 
NDVI. For Indonesia FORMA data were also available, reporting 
21038 ha degraded land areas between 2001-2010, the spatial 
distribution of the FORMA data can be seen in Figure. 17 on 
page 84. Major discrepancies between areas degraded within 
nature conservation areas between the techniques were detected 
(Table. 7). For Sri Lanka 2014 NDVI detected over 10 000 ha as 

Table. 7 Comparison of areas mapped as degraded by the differ-
ent methods, in hectares, percent of total area as well as 
encroachment on conservation areas.

STUDY SITE METHOD TOTAL DEGRADA-
TION IN (HA)

PERCENT OF TO-
TAL UNMASKED 

AREA

DEGRADATION OF 
CONSERVATION 

AREAS (HA)

Sri Lanka NDVI 20475 6% 10248

WICS 18472 5% 6503

Hansen 3328 1% 712

Indonesia NDVI 9970 4% 2411

WICS 29232 13% 8827

Hansen 30386 13% 6221

Forma 21038 9% 10864
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degraded within conservation areas, mainly located in the left part 
of the image, while Hansen’s data only reported 712 ha. For the 
Indonesia scene the FORMA alerts detected the biggest land 
degradation in conserved areas by over 10 000 ha, while NDVI 
only reported 2411 ha. The main difference is the bottom centre 
of the image where all techniques reported a big field of degraded 
land besides the NDVI.

Figure. 15 
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Maps of degraded land areas for the Sri Lanka study site, 
NDVI on the top, WICS in the middle and Hansen at the 
bottom. Notice the differences of degraded areas  as 
visualized in red..
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Figure. 16 
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Maps of degraded land areas for the Indonesian study 
site, NDVI on the top, WICS in the middle and Hansen at 
the bottom. 
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Figure. 15 on page 82 and Figure. 16 on page 83 visualize 
the differences between the methods for the study sites. For the 
Indonesia study site the areas mapped as degraded are consistent in 
all techniques, and degredation is mainly located along the coast-
line and in the top left corner of the image. WICS and Hansen 
map almost equally large areas as degraded, the areas are however 
only intersecting with each over with approximately 40%. The 
classes representing degraded areas in Indonesia appear as more 
systematic, represented by larger areas and clearer lines, as can 
be seen along the coastline and in the lower middle part of the 
images than the patterns of degraded land in Sri Lanka. The de-
graded areas in Sri Lanka does not appear to be represented by big 
chunks of clear-cut fields, but rather smaller scattered patches. An 
interesting area is the bottom right corner of the Sri Lanka images 
where WICS as the only technique maps degraded land areas, 
while Hansen mark the same area mainly as >75% dense canopy 
cover, and NDVI as <top 50% of value range. This area along 
with the top centre area has according to unofficial interviews 
with local farmers and tour guides during field verification, been 
deforested after the end of the civil war in 2009. The reason for 
this were that people felt afraid to live in these areas during the 
civil war, so after 2009 the land have been converted from forest 
to homegarden areas. 

Total areas mapped as forests for Sri Lanka 2014 scene and 
Indonesia 2010 are presented in Table. 8 on page 85 Noticeable 
is that the WICS method classifies the least amount of areas as 
forest for both scenes. The areas classified as forest by WICS are 

Figure. 17 Areas mapped as degraded by FORMA, notice the 
coarseness due to a pixel size of 500*500m.
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corresponding to areas mapped by Hansen as having canopy cover 
density of  76-100% by 86%. While the same figure for the highest 
50% of the NDVI values and the WICS forest areas are corre-
sponding to 96%. The same percentage is valid for the relationship 
between Sri Lanka Hansen canopy cover 51-100% and the top 
50% of the NDVI values. For the Indonesian 2010 scene the 
NDVI and Hansen corresponds to approximately 85%. While the 
NDVI approach maps 99% of all areas mapped as forest by WICS 
as forest, the same measure for Hansen and WICS is 96%.

Total amount of areas mapped as forests, and their intersection 
are important to measure. Since different results are acquired by 
different techniques the high number for intersecting areas tells 
us that the bulk part of forest areas are recorded by all methods, 
and therefore it is a matter of under or over classification of areas.

4.16. ACCURACY ASSESSMENT
The most common way of determining accuracy in remote sens-
ing is by using error matrixes, some of the most commonly used 
matrixes are as discussed: overall, producers and users accuracy, 
which measures validity and reliability of the results. Before 
embarking into a discussion of accuracy, a reminder of the aim 
of this project is in place. The aim is to find a method that can 
accurately delineate forest areas from no forest areas. In Table. 
10 on page 86 the producer’s accuracy also takes homegardens 
into consideration, areas that should come up as no forest for it 
to be accurate. This is not to be considered as a separate class in 
the study, but is merely included as an interesting factor, since the 

Table. 8 Total amount of areas mapped as vegetated by the differ-
ent approaches. For the NDVI approach the values are 
divided after percent of the total value range.

VALUES % OF 
TOTAL SCALE INDONESIA (HA) SRI LANKA (HA)

NDVI 1-25% 1123 1687

26-50% 6983 52190

51-75% 40459 280038

76-100% 179955 11119

Hansen 1-25% 12445 22883

26-50% 5428 27769

51-75% 13066 42185

76-100% 164891 123546

WICS Forest 108309 116899
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spectral signature resemble forest. Since homegardens have not 
been classified in the methods, and only recorded during ground 
studies, they are included in the no forest category in the users 
accuracy, Table. 11 on page 87. The reason for homegarden areas 
not being classified as such in the satellite images are that the aim 
of the study is to delineate forest areas from non-forest areas. They 
are however interesting to discuss since the spectral signature 
resemble that of a forest. Therefore they were recorded during the 
field collection of sample sites. Since producers accuracy calculate 
all the correctly classified pixels in a category it is possible to cal-
culate this for homegardens, by considering the sites classified as 
no forest areas as correct. For the users accuracy this is not possible 
to do since the number of correctly classified pixels should be 
divided by the total amount of pixels classified in as the same type 
of landuse. Since no homegarden pixels were classified this is not 
possible to perform. 

Table. 9 presents the overall accuracy of the techniques, where 
WICS and Hansen outperform NDVI. At a first glance 80% ac-
curacy by WICS and Hansen can be considered as a good result, 
to see how the pixels have been classified producers and users ac-
curacy have been calculated.

It is obvious by looking at Table. 10 that Hansen and WICS both 
have high scores in producer’s accuracy, but in different catego-
ries. WICS perform very well for No Forest and Homegarden 
areas, while Hansen have high scores for Forest and No Forest 
areas. Considering Table. 8 on page 85 this is to be expected, 
since Hansen classifies approximately twice as big an area as forest 
compared to WICS.

For the NDVI results Jones & Vaughans (2010) guidelines have 
been used, where areas in the top 50% of the scale are considered 
as densely vegetated, and in this scenario as forest. Noticeable is 
that WICS by far outperform the other methods in accurately 
classifying homegarden areas. If homegarden areas instead are 

Table. 9 Overall accuracy

WICS NDVI HANSEN

80,7% 62,9% 79,7%

Table. 10 Producers accuracy

WICS NDVI HANSEN

No Forest 98,8% 79,8% 90,5%

Homegarden 89,5% 65,8% 55,3%

Forest 57,5% 43,8% 80,0%
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incorporated in No Forest areas the producer’s accuracy for 
Hansen is 79%, NDVI 75% and 97% for WICS. These results 
suggest that a WICS approach is better suited in delineating 
homegarden areas from forest areas than spectral techniques. As 
previously discussed the producers accuracy measures the proba-
bility of a pixel being correctly classified, to measure the probabil-
ity that a pixel classified as x actually represents x on the ground 
users accuracy are calculated, Table. 11.

Table. 11 Users accuracy

WICS NDVI HANSEN

Forest 90,2% 53,8% 71,9%

No Forest 77,5% 89,1% 85,8%





5. DISCUSSION
The disposition of the discussion part is based on the re-
search questions. Starting with a discussion of the current 
monitoring practices used, then going into a technical com-
parison of methods in remote sensing before combining the 
two in a way to implement remote sensing as a monitoring 
practice. At the end conclusions and future study recom-
mendations will be presented together with a brief discus-
sion of limitations with the study. The equation developed 
to determine amount of ground verification sites needed 
for this study will be further discussed in appendix 2. The 
discussion of ground verification is interesting, but are not 
completely aligned with the aim of the thesis. It is still rele-
veant to elaborate on strengths and weaknesses with the 
approach, and it is therefore added as an appendix. 
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What are the currently, by transnational corporations, 
used practices related to upstream CSR?

Primary activities in vertical links are becoming increasingly 
more in focus, as discussed in Personen (2001) focal companies 
are becoming more concerned of, which will mean that smaller 
companies down the value chain will also have to be aware of 
their environmental performance. Leppelt (et.al. 2013) howev-
er argues that CSR-research been focused on the relationship 
between business practices and company reputation, this is why 
Koggs (2009) term upstream CSR is valuable, to put the focus on 
Kovacs (2008) product suppliers. There is however a difference 
between writing a nice policy and taking action, and Hopwood 
(et.al. 2005) discusses the vagueness of the concept, which allows 
actors to support sustainability without acting upon it. Holt & 
Ghobadjan (2009) are discussing how the success of a company is 
becoming intertwined with the actions in the value chain. Many 
companies support the principles of these ideas, but to varying 
degrees. The vagueness of sustainability do not provide any 
guidelines for how far down the value chain companies upstream 
CSR initiatives should go, therefore some companies, such as C, 
E and I, stops at tier 1-2, while company H goes all the way down 
to tier 4. Other approaches are based on assessments of risk areas, 
however the complexity of global trade is a factor making it harder 
to implement sustainability initiatives down the Tiers.  

The debate between whether a monitoring approach or a collab-
orative approach is most preferable presents the same arguments 
in theory as among CSR professionals. While Akamp & Müller 
(2013) calls for monitoring activities in uncertain relationships, 
which is the case in DCs, other arguments put forward include 
geographical distance as a determinator (Rao & Holt, 2005) or a 
way to minimize risks in the value chain (Beske Land & Seuring, 
2014) or simply as a necessary activity when implementing 
green practices (Zhu, Sarkis and Lai, 2008a). In practice some 
companies choose not to go beyond a certain Tier, as previously 
discussed, while others tries to minimize potential hazards by 
conducting risk assessments based on geographical location, ad-
ditional approaches includes self-evaluation and implementation 
of company code of conduct as are also discussed in Min & Galle 
(2001). One issue with monitoring activities discussed by Vachon 
and Klassen (2006) and confirmed by multiple companies are the 
high costs. Traditional practices discussed at the conference and 
in the literature includes audits, score sheets, implementation of 
code of conducts and self-evaluations. An option that can lower 
costs is to use a third party certification, however both literature 
(O’Rourke, 2001; Lim & Phillips, 2008) and companies (A) agree 
that they can be flawed for various reasons. Thereby a trade-off 
exists between costs and thoroughness of the monitoring practices.
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The main drivers for monitoring activities as discussed by Klassen 
and Vereecke, (2012) are regulations and laws, customer demand 
and community concern. Rules and legislations are confirmed 
as one of the most important drivers by numerous companies 
and are by Holt (2009), especially considered to level the play-
field in a righteous way without anyone risking to loose their 
comparative advantage. Corruption and bribery are big issues as 
mentioned by NGO A, company E therefore calls for strong lobby 
organizations to push national governments to strengthen weak 
legislation. McWilliams (2010) mentions consumer demand as 
an important factor for companies to engage in upstream CSR, 
while Holt (2009) express the same thoughts as several companies 
and NGO C, that consumers are not pushing as hard as expected 
and consumer demand is therefore not a top priority. Additional 
drivers can be illustrated by using Global Forest Watch as example, 
Leppelt (et.al 2013) argues that suppliers are not invisible to end 
consumers anymore, and by contrast, they are being surveilled. A 
point also made by company H, who agues that working transpar-
ently with GFW, is in companies interest since the information is 
available for anyone. Which clearly is an argument out of concern 
for brand reputation. The power of technology is a reoccurring 
theme among CSR professionals, and although it is discussed in 
vague terms, remote sensing is mentioned as an example of the 
possibilities provided by technology. Interestingly neither the lit-
erature nor the CSR-professionals barely mentions the extraction 
of raw materials as a big issue, even though UN (2014) estimates 
that commodity production is accountable for 50% of global 
deforestation. The main actors discussing sustainable sourcing are 
those with a high mineral dependency, and the extraction is then 
concerning mining conditions. This is a bit puzzling consider-
ing the recent UN New York declaration on forests, signed by 
multiple transnational corporations, and the acknowledgement 
this implies for companies responsibility for deforestation in their 
supply chains. 

At the end of the day both literature and CSR professionals appear 
to agree that monitoring practices is necessary, but that high costs, 
uncertainties of the result and large time consumption all are neg-
ative aspects with monitoring. Collaboration is another approach 
discussed by Lasch and Janker (2005) based on knowledge sharing 
and investments by the focal company it is meant to build trust 
in the long run, which would decrease the need for monitoring. 
The relationship between trust and monitoring seems to create a 
divide among CSR-professionals. Representatives from company 
H sees trust as a function of monitoring practices, while company 
C infers that monitoring activities will not lead to trust. Several 
companies (D, I and B) points out the benefits with working col-
laboratively with suppliers to support development of sustainable 
practices. Company K is of the same opinion and takes it one 
step further when trying to minimize the number of suppliers 
and work closely with the ones they got. Problems discussed by 
company L and K is that suppliers might be unwilling to give up 
their sub-suppliers and that it is hard to know if or when you will 
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make your invested money back. As is discussed in the literature 
by, for example Vachon and Klassen (2006). 

Literature also states that audits are not accurate enough (Lim & 
Phillips, 2008), also CSR-professionals express skepticism regard-
ing their comprehensiveness and reliability. (Company A, NGO 
A) One approach to increase accuracy is proposed by Seuring and 
Müller (2007) and Ditz & Ranganathan, (1997) who calls for 
standardized clearer EPIs. The need for standardization becomes 
obvious in Handfield (et.al. 2002) in which CSR managers ex-
presses confusion about relative weighting within a set of EPIs. 
Balanced scorecards uses these measures and derive them from 
categories, and Epstein and Wisner (2001) states that they have to 
be quantifiable and easily summed up as percentage while being 
easy enough for employees to affect. If environmental aspects 
are not included in the traditional 4 dimensions of scorecards, 
a fifth sustainable dimension could be added, and the weighting 
should mirror the company profile, therefore making it possible 
to standardize the measures by adding the possibility of changing 
the relative weighting. This would also help in overcoming the 
problem of transference between companies and transparency 
towards the public, since the problems of what information to 
share, and how to share it (as mentioned by company F) would 
be standardized in a non-competitive platform. Transparency is 
appointed a key issue by many companies when working with 
suppliers, company K sees it as a requirement more important than 
perfect initial circumstances. They further have transparency as 
a company policy, and believe it is better to be open about issues 
they are facing and actions they are taking than to sweep it under 
the rug. 
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Which remote sensing technique provides the most accu-
rate and user-friendly approach to monitor local changes 
in forest cover? (A comparison between Hansen’s (et.
al. 2013) with an NDVI approach on Landsat data and 
a Window Independent Context Segmentation (WICS) 
approach)

Two answers are required for this question, where the first one 
is based on statistics and accuracy assessments to determine the 
accuracy of the techniques, the second one builds on subjective 
notions, and amount of work needed, to determine which method 
is the most user-friendly.

To determine the level of accuracy complementing approaches 
have been used. It is important to consider the entity and the ho-
listic image they provide together rather than discard any method 
due to one low score. 

The results of this study regarding Hansen (et.al. 2013) dataset 
are in line with the results presented by Margono (et.al. 2014) 
where an overestimation of areas classified as forest were found. 
The combined result for producers accuracy for homegarden 
and no forest areas is 79%, which results in forest and no forest 
areas both having a producers accuracy of approximately 80%.
The conclusions from the accuracy assessments are that a high 
producers accuracy in combination with a lower users accuracy 
implies that many pixels have been classified as forest. Most of 
the falsely classified pixels were classified as homegarden areas, 
further illustrating the problem with MMU (Minimal Mappable 
Unit) in spectral classifications. 

The NDVI approach on the other hand exhibits a relatively low 
producers accuracy for forest areas, despite a large overall classi-
fication of forests. This is also explained by a relatively low users 
accuracy score, resulting in the same conclusion as for Hansen, 
that forest pixels have been falsely classified as No Forest and 
Homegardens. The FORMA alerts based on MODIS images 
with a 500*500m resolution, provides a coarse and generalized 
result, as can be seen in figure 15. The overall scores of the NDVI 
approach is lower than any other approach, illustrated by an overall 
accuracy of approximately 63%, not to mention that this approach 
demands the most amount of work and are most complicated to 
perform. The RRN procedures did reduce the RMSE between 
all the scenes, although the impact of the decrease in dynamic 
range is hard to determine. 

In contrast to the spectral approaches WICS provides a reliable 
result for forest and no forest areas, as illustrated by high scores of 
users accuracy. The forest areas illustrate a very high score, which 
combined with a producers accuracy of approximately 60% is best 
explained by an underestimation. Noticeable is the high score of 
approximately 90% of producer’s accuracy of homegardens, and 
99% of no forest areas. So WICS illustrates a reversed problem 
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from the spectral approaches, and an overestimation is prevalent 
for no forest areas. These results indicates that WICS is better at 
detecting land use at a smaller scale, where spectral approaches 
are limited by the pixel size. As figures Figure 15 and Figure 16 
illustrates there are different types of deforestation. While the 
Indonesian deforestation is occurring in big fields, the Sri Lanka 
is on a small scale. When adding the percentages of all categories 
for each technique of the producers accuracy, table 9, together, 
WICS comes up ahead with 245,8% out of 300, while Hansen 
has 225,8% out of 300. Not verified information provided on 
site, further support that the degradation in the south east corner 
of the WICS method in figure 14, can be due to migration to this 
area after the end of the civil war in 2009. This should however be 
considered as a possible explanation and not verified data. 

Altogether WICS and Hansen provides a similar accuracy, they 
are based on different factors and with different results. While 
in Sri Lanka Hansen only maps 3328ha as degraded WICS maps 
18472ha. For Indonesia WICS and Hansen maps a similar amount 
of areas as degraded, while in both cases Hansen classifies more 
areas as forest, further implying overestimation. The strong cor-
relation between areas mapped as forest by all techniques, 90% 
correlation in general, for both scenes increase the reliability of 
the areas classified as forest. For WICS, which classifies the least 
amount of area as forest in both scenes, the corresponding per-
centages of 86% with Hansen for Sri Lanka and 96% for Indonesia 
strongly supports that these areas are accurately classified as forest. 

The differences in areas classified as forest leads back to Talocchis 
(2014) discussion regarding the importance of defining what 
deforestation is. The differences can be due to the different 
definitions of deforestation used. In this project deforestation is 
defined in terms of land use rather than land cover as is used by 
Hansen. With medium resolution images, objects smaller than 
the MMU will be combined and given one value as a single pixel. 
This can explain the low producers accuracy for homegardens 
for NDVI and Hansen, as well as the overestimations of forest 
areas. This relates to the discussion about inference and Couclelis 
(2009) call for a broader concept, including function and purpose 
of objects. WICS can be a method accounting for this due to its 
contextual segmentation technique. The definition of land use 
corresponds to an inductive approach better than a deductive, 
since the correct land use is defined based on case and result. The 
deductive approach, which starts off with the case, is more appli-
cable when using absolute values, such as reflectance values in the 
NDVI technique. Both the inductive and the abductive approach 
provides a stronger logical inference in terms of manual analysis, 
while the deductive approach could be used for automated image 
analysis, and therefore be applied on a larger scale. For the spec-
tral analysis a deductive approach is applied, for the NDVI and 
Hansen rules have been created that defines what forest are. For 
Hansen deforestation is the disturbance or removal of tree cover 
under 25% as discussed, all pixels where this rule is applied to are 
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classified as degraded according to the deductive inference. For 
the WICS approach the classes have to be determined after the 
classification, and therefore the logical inference cannot start with 
the rule. By using land cover rather than land use as a definition 
for forest areas possible implications can be that no difference is 
made between plantations and natural forest. Forest areas spectral 
signatures are not homogenous, this can be due to various types 
of forest, different crown cover densities or different land uses. 
This thesis project illustrates how different approaches classify 
the same area as different land cover. Spectral approaches often 
overestimate what forest areas are, partly due to being limited 
by initial rules stipulated by a deductive inference. By including 
social science perspectives and classify land use rather than land 
cover I would argue that accuracy in remote sensing could be 
gained. This approach includes accounting for the surrounding 
context of the pixel and calls for an investigation of the logical 
inference used, since an elastic forest concept could not be limited 
by initial rules.

Company A expressed concerns that remote sensing would not be 
helpful in CSR due to manual work needed, limitations of ground 
truth data and uncertainties in the accuracy. The results from this 
study illustrates that remote sensing does not have to mean a lot of 
manual work, the Hansen (et.al. 2013) data can be freely down-
loaded online and further processed in any GIS, while the WICS 
data includes a few more steps, it is still very straightforward for 
anyone with basic computer and image analysing skills. Even if 
the accuracy level is not 100% yet, it shows good accuracy. Further 
work on the WICS parameters would be of interest, in order to see 
if the producers accuracy for forest areas can be increased to the 
same level as no forest and homegarden areas, without decreasing 
the users accuracy. By applying an abductive inference different 
parameters could be applied to accurately map different land uses. 
For the same image the logical inference would then be:

• Result: Area X is classified as different land cover classes in 
image 1 with settings A compared to image 1 settings B.

• Rule: Different parameters detecting different landcovers 
variously well is a plausible explanation. 

• Case: It is probable that image 1 setting A accurately 
classifies landcover F, while image 1 setting B, classifies  
landcover H.
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How can this approach successfully be implemented in 
CSR initiatives as a tool for supplier monitoring, and 
thereby provide a valuable instrument in reaching the UN 
2014 Declaration on Forests.

In order to reach the UN 2014 Declaration on forests, to lower 
deforestation rates by 50% by 2020 and to end illegal deforestation 
by 2030 great efforts are required. The Declaration acknowledges 
the importance of supporting the private sector in eliminating 
deforestation from their value chains. Important factors for com-
panies to work with, as suggested by UN (2014) are transparency, 
transference and traceability as well as using quantifiable goals 
to reduce emission and to evaluate value chain deforestation. 
Another recommendation mentioned in the declaration is that 
companies should focus their activities in countries that are 
aligned with their values. Company K on the other hand, as pre-
viously discussed, question this idea, and ask what it will be like in 
the rejected countries if all the good companies leave? Therefore 
they recommend staying and working to improve the situation 
for workers, and by the use of a strong lobby organization affect 
change at a national level.

As previously discussed there is an agreement that monitoring 
activates are not sufficient or completely accurate. However 
it is agreed that they are necessary, depending on who you ask, 
either as a substitute for trust or as a base for it. The declaration 
on forests puts focus on company’s responsibilities in value chain 
deforestation in an official way that previously been abundant. 
Consensus from the literature and from CSR-professionals put 
forward their belief in technology and innovation as a way to 
create sustainability. To act on two out of the three recommend-
ed Ts (transparency and traceability) of the declaration satellite 
images and remote sensing would provide a valuable monitoring 
instrument. With a Landsat archive of over 40 years of images and 
increasing availability of high-resolution images a powerful tool 
is wasted every day it is not being used. So in order to harvest the 
products from this technological innovation, companies need to 
find a way to integrate it in their CSR initiatives. One problem is 
that companies do not always know who the suppliers responsible 
for extraction of raw materials are (C, E and I). However, it is 
found (company K, and I) that when making deals with new sup-
pliers, it is easier to acquire this information. On a further note, 
company H managed to map their value chain with over 400 000 
tier 1 suppliers, so it should be possible for most companies to do 
the same. If it still would not be possible to map the complete value 
chain down to the extraction of raw materials, remote sensing 
could serve as a valuable tool to create current baselines when 
establishing relations with new suppliers. 

NGO A and Company E along with Holt (2009) all discuss the 
importance of legislation and companies pushing governments 
to strengthen national laws. In the UN (2014) declaration ac-
tions for governments to take includes creating policies and legal 
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framework to manage natural forest resources, it is also suggested 
that governments should use satellites to monitor illegal deforest-
ation. This is a great acknowledgement for what the possibilities 
of remote sensing can accomplish, and at the same time a call 
for a discussion of where the responsibility to monitor illegal de-
forestation lies. The declaration is a bit double when they on one 
hand put the responsibility on companies and the production of 
agricultural commodities, while on the other hand proposes that 
governments should be monitoring the same areas. By not clearly 
defining the responsibilities deforestation runs the risk of creating 
a tragedy of the commons situation.  

For NGOs the declaration proposes to assist countries with 
capacity building, policy implementation as well as working to-
gether with the private sector to scale up sustainable value chains. 
Another important role for the third sector is to standardize 
monitoring practices, which today are subjective to whoever the 
agent of monitoring is. This would also help overcoming the fact 
that suppliers are being audited 10-20 times a year because they 
work with multiple companies, as discussed by NGO A. When 
standardizing it is important to remember the need for a dynamic 
discussion of weighting of the measurements and EPIs, as discussed 
by company A. With a transparent discussion where multiple 
stakeholders are involved as well as a transparent description of 
the weighting used in the auditing process, different weighting 
can be used for different companies. It is further important that 
third party collaborations and initiatives is used for action rather 
than just talking, as mentioned by NGO C.

The first step for companies in working toward the UN 2014 goals 
is to define what deforestation is, preferably to use a standardized 
definition such as the HCS definition. Without having defined 
deforestation it is impossible to use proper measurements and 
EPIs, and deforestation becomes yet another vague term that lost 
its power, as discussed in Talocchi (2014).

The process of implementation looks a bit different depending 
on how far down the tiers the value chain is known. With 
new suppliers it is important when negotiating the deal that all 
members of the value chain are disclosed. While with old sup-
pliers an effort has to be made to trace the suppliers down the 
tiers. Building on Porter (1985) all members of the value chain 
are interconnected and since the actions of a tier 4 supplier can 
affect the focal company, all new suppliers should know about 
and comply with company policy and code of conduct. When all 
the information is out a discussion with third party monitoring/
certification organizations should be held to determine if they 
are already active with these companies or if they should be. For 
the practical monitoring practices a triangulating approach is 
proposed where remote sensing can be used to create a baseline 
as well as determining recent land cover trends. The results can 
then be used in score sheets as an EPI in Epstein & Wisners (2001) 
fifth category, it fills the criteria of being quantifiable and easily 
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summed up as a percentage. Epstein & Wisner also mentions that 
employees in the organization should be able to affect the factor, 
therefore it is important to train employees working at suppliers as 
proposed by Rao (2002), as well as providing workers helplines as 
discussed by NGO A and Company K. When these monitoring 
practices are established, companies will know were change is 
needed, and will therefore be able to collaboratively lobby for 
strengthened legislation.



6. CONCLUSIONS
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• Sustainability and upstream CSR is frequently discussed in 
literature as well as by professionals. The discourse, howev-
er, often neglects to account for extraction of raw materials 
(sustainable sourcing), and land rights issues as factors of 
sustainability.

• Current monitoring practices used in upstream CSR 
is mainly made up of 4 actions, auditing, score sheets, 
self-evaluation and code of conduct compliance, and are 
performed by focal companies or independent actor repre-
sentatives, from auditing companies or the third sector. 

• The first step for all companies to take is to define, or 
subscribe to a definition of what deforestation is. Legitimacy 
can be won by using a standardized definition, which will 
increase the reliability and making it easier to follow up on 
the initiative.  

• There is a need for standardization of EPIs, even though 
different industries require different measures, the actual 
EPIs can be standardized by adding fluctuating relative 
weighting matrices to each measure. 

• Triangulation of monitoring practices could increase 
reliability, monitor by satellites, monitor by audits and 
scorecards, and providing workers helplines and train 
employees so they are informed of the current sustainability 
principles, and have someone to contact if violations occur. 

• The main problem with implementing remote sensing tech-
nology in CSR initiatives is inconclusive mapping of supply 
chains. A big effort needs to be put in tracking suppliers 
down to the bottom Tiers in order to safetly determine that 
sustainable sourcing is not just a concept for the processing 
stages, but also for the extraction of raw materials. 

• It is easier to gain knowledge about suppliers down the 
tier when establishing a relationship with a new supplier, 
therefore it should be company policy to start mapping the 
value chain with all new relations.

• Both Hansen and WICS provide results with an overall 
accuracy of 80%, where Hansen appear to be overestimat-
ing forest areas, WICS do the opposite. The reliability of 
the WICS result is very good however, and with some more 
work it has potential to increase the producers accuracy. 
The spectral approaches both have trouble delineating 
homegarden areas from forest areas.

• This study highlights the importance of discussing the 
semantics of deforestation, and choosing a logical inference 
that corresponds to the definition used. If, as in this study, 
forest is defined in terms of land use an inductive or an 
abductive approach is strongly recommended. 

• To meet the UN (2014) New York Declaration on Forests 
Goals TNCs mainly need to focus on mapping their value 
chain. For remote sensing the spectral resolution need to 
improve for spectral classification approaches to be accurate, 
while further work with parameters is needed to increase the 
accuracy of WICS. 
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6.1. LIMITATIONS WITH THE 
STUDY

Some limitations and aspects that could possibly have affected the 
outcome of the study are discussed below.

• For the NDVI approach multiple preprocessing activities 
have been carried out. All techniques are based on existing 
theories, although the implications of how these algorithms 
affected the result have not been fully investigated. For the 
RRN procedure it is discussed by Yuan & Elvidge, (1996) 
and Yang & Lo (2000) that it decreases the dynamic range it 
is not disclosed however how this affects the outcome. The 
NDVI approach exhibited the least accurate result in this 
study and whether or not that is connected to the preproc-
essing or not is unknown.  

• Although all the images that was compared were acquired 
during the same yearly seasons it should be considered if the 
difference in acquiring date between the Sri Lanka 2014 
scene and the 2001 and 2005 scenes have had any impact 
of the result.  Possible implications could be difference in 
reflectance due to a different sun angle, seasonal variations 
of the vegetation and phenological differences. The 
possible implications of the sun angle have been corrected 
for by TOA and RRN pre-processing, while the seasonal 
variations were deemed not to affect the result. The RRN 
and standardization processes helps reducing possible 
phenological differences between the images. 

• Due to high costs of field verification, only the Sri Lanka 
site has been verified in field. The same methods have been 
used for both sites, but without field verification of the 
Indonesia results it is impossible to determine the accuracy 
for this site. 

• It is worth considering that the views put forward by CSR-
professionals during the conference and the interviews were 
expressed knowingly that someone outside the organization 
would hear them. Therefore what was said can be biased, 
exaggerated or toned down depending on the impression 
the interviewee where keen on giving.
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6.2. FURTHER STUDIES
• For comparative reasons this study have utilized Wulder (et.

al. 2008) medium resolution class, which is recommended 
for land cover monitoring, finer resolution naturally 
decreases the size of the study area. With that being said, a 
future study of high-resolution images could provide even 
better accuracy for all techniques.

• To monitor land use change is not the only application for 
remote sensing within CSR. It would be valuable with a 
future study of how to accurately monitor water quality and 
availability, to be used by for example cotton producers or 
water dependant industries.  Examples of factors that could 
be measured include eutrophication,  and chlorophyll and 
algae concentrations.

• In the fall of 2014 a Swedish transnational company were 
accused of supporting land-grabbing activities in Ethiopia. 
They denied all involvement and knowledge about the 
events, this is a clear example of how remote sensing might 
be able to help companies with their research before going 
into business in new areas. Could high-resolution images 
have stopped the company from engaging in this area? It is 
definitely worth investigating, considering the benefits for 
local people who are depending on the land, as well as for 
the company who risks facing a scandal. 

• Further work on the WICS parameters would be of interest, 
in order to see if the producers accuracy for forest areas can 
be increased to the same level as no forest and homegarden 
areas, without decreasing the users accuracy. 

• Further development and testing of the ground verification 
equation is needed to determine if it could increase the 
accuracy of remote sensing results in general. 
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APPENDIX 1

 2014 NDVI colour composite img  2014 False colour composite img

 NDVI Colour Composite Landuse 2014  False Colour Composite Landuse 2014

Intersect between areas classified as forest by FCC 2014 
with areas classified as yellow by NDVI 2014

Intersecting Forest areas between NDVI and FCC 2014

Comparison of results and accuracy between FCC and NDVICC 
data in a WICS approach of the Sri Lanka study site.
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Overall accuracy, 2014 Sri Lanka

Producers accuracy, 2014 Sri Lanka

NO FOREST HOMEGARDEN FOREST

FCC 70% 52,5% 89%

NDVICC 98,8% 89,5% 57,5%

Users accuracy, 2014 Sri Lanka

FCC 74,2%

NDVICC 80,7%

NO FOREST FOREST

FCC 89,5% 62,9%

NDVICC 77,5% 90,2%
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APPENDIX 2
Equation 8 were developed in order to calculate a way of deter-
mining the amount of ground verification sites needed. Since no 
comprehensive method for this were found, this approach were 
developed in order to meet the needs of the study. What was con-
sidered important was to cover different land use classes, as well 
as areas that were mapped differently, as degraded/ not degraded 
by the different methods. Therefore 5 strata’s were created to 
manually make sure that these areas were covered. This might 
seem biased, but the strata’s are large in area, and cover together 
approximately a third of the total Sri Lanka study area. What is 
then important is to define the parameters important for the ac-
curacy assessment. Larger strata’s will naturally need more sample 
sites to be more representative to the bigger area. That is not the 
only parameter that needs to be accounted for though. One of 
the most important parameters would be the standard deviation 
of the data, if that is high it means there is a bigger uncertainty 
of the results, and it might be large differences within the strata. 
Therefore it is added to the quotient for extra weight. Other than 
that both sample size and accuracy level are important factors to 
consider, the sample size is decided by the data, while the accu-
racy level can greatly influence the number of sample sites. By 
dividing by the mean value of the band in question the amount 
of sample sites is reduced to a viable number, possible variations 
in and deviations from the mean are accounted for at a later stage 
by adding the standard deviation. This equation were developed 
to make it easier to determine amount of sample sites needed. 
As Congalton (1991) states there is no good way of determining 
this, and since the results fall within the recommendations for 
amount of sample sites needed I would argue that this equation 
could be used to determine amount of verification sites. It takes 
all relevant parameters into account, while at the same time being 
simple to perform. Another strength with this approach is the use 
of manually selected strata’s, which leaves the power of the areas 
and land use classes studied to the researcher. 
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