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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of
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DETERMINING K-COEFFICIENTS VALUE IN PAYMENT FOR
ENVIRONMENTAL SERVICES PROGRAM OF BU NDOR’S COMMUNITY
FOREST, DAK NONG PROVINCE, VIETNAM

By

HO DINH BAO

November 2016

Chairman : Professor Awang Noor Abd. Ghani, PhD
Faculty . Forestry

Payment for Environmental Services (PES) has been implemented in Vietnam to prove
the buyers about the services that they benefit. The environmental values in PES are
calculated via a K-coefficient which present different type of forest characteristics of a
particular area. The main objective of this study was to determine the K-coefficient
value that is used to adjust the payment in the payment for environmental services
program within Bu N’Dor community forest.

The research used SPOT-5 satellite image that was captured in 2012 to classify forest
status. One hundred and four sample plots were collected in the field corresponded
with three forest status which were rich, average, and poor forest. To classify forest
status based on satellite image, Envi 4.7 software was used as a core software that
interpreted forest condition according to digital value of the pixels in the image. The K-
coefficient (K1) was assigned based on forest status and it vary from 0.90 to 1.00. The
second K-coefficient (Kz) is based on the essential soil erosion. The Revised Universal
Soil Loss Equation was used to calculate the essential soil erosion in the area. The
essential soil erosion value was classified to eight classes according to Vietnam
standard in 1995 (TCVN 5299 — 1995). Essential soil erosion K-coefficient (K2) map
was then created corresponded with soil erosion level. It value varies from 0.75 to 1.00.
The third K-coefficient was defined by the forest managed purposes (Ks). Extracting
the forest managed purposes map and assigning the K value based on production forest
(K=0.90) or protection (K=0.95) forest. The fourth K-coefficient map (K4) was defined
by the difficulty in forest protection. Four groups who were responsible for forest
protection were interviewed, they divided the forest into three levels from average to
very difficult in term of forest protection on a map that was provided. These maps were
scanned, digitized, and assigned the K value (0.90 — 1.00) to create K4 map. The
general K-coefficient map was built by overlay four K-coefficient maps which are K,
Kz, K3 and K4 following the PES policy. The general K values are from 0.73 to 0.95.
From that map, the value of environmental services that the community forest served



was calculated by multiply with the price per hectare (USD 20). The total
environmental services value is USD 15,729.60. The essential soil erosion K-
coefficient (K2) was calculated by some factors that related to forest conditions so that
could replace K; to calculate the new K-coefficient and the value of the community
forest was reduced to USD 13,170.24. In conclusion, the K-coefficient map that
reflected the different on providing environmental services of different areas could be
used to calculate the environmental value of the community forest and contribute to the
payment method of PES program in Vietnam.
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Bayaran Perkhidmatan Alam Sekitar (PES) yang telah dilaksanakan di Vietnam
terbukti memberi manfaat kepada para pembeli melalui perkhidmatan ini. Nilai-nilai
alam sekitar dalam PES dikira melalui pekali K yang mewakili ciri-ciri perhutanan
yang berbeza dalam suatu kawasan yang tertentu. Objektif utama kajian ini adalah
untuk menentukan nilai pekali K yang digunakan untuk menyesuaikan pembayaran
dalam pembayaran untuk program perkhidmatan alam sekitar dalam komuniti hutan
Bu N'Dor.

Imej satelit SPOT-5 yang telah diperoleh pada tahun 2012 telah digunakan untuk
mengklasifikasikan status hutan untuk penyelidikan ini. Sebanyak seratus empat plot
sampel telah dikumpulkan yang merujuk kepada tiga status hutan iaitu hutan yang
kaya, sederhana, dan miskin. Untuk mengklasifikasikan status hutan berdasarkan imej
satelit tersebut, program perisian Envi 4.7 telah digunakan sebagai perisian utama yang
menafsirkan keadaan hutan mengikut nilai digital piksel dalam imej. Pekali K (K1)
diberikan berdasarkan status hutan dan boleh berubah dari 0.90 — 1.00 manakala pekali
K (K2) adalah berdasarkan kepada bacaan hakisan tanah. Persamaan Semakan
Kehilangan Tanah Universal akan digunakan untuk mengira hakisan tanah dilakukan di
kawasan itu. Nilai hakisan tanah yang dikira diklasifikasikan kepada lapan kelas
mengikut standard Vietnam pada 1995 (TCVN 5299 - 1995). Peta hakisan tanah pekali
K (K2) kemudiannya akan dihasilkan berdasarkan kepada bacaan aras hakisan tanah
yang diperolehi dan bacaan tersebut boleh didapati dalam julat 0.75-1.00. Pekali K
yang ketiga pula ditakrifkan sebagai (Ks) bagi mengekstrak informasi dari peta
pengurusan perhutanan serta memberikan nilai K berdasarkan produksi pengeluaran (K
= 0.90) atau perlindungan (K = 0.95) hutan. Peta pekali keempat (Ka) ditakrifkan
mengikut kesukaran perlindungan hutan. Empat kumpulan yang bertanggungjawab
untuk melindungi hutan telah ditemuramah dan mereka membahagikan hutan kepada
tiga peringkat dari peringkat biasa hingga ke peringkat yang sangat sukar dari segi
perlindungan hutan berdasarkan kepada peta yang disediakan. Peta ini telah diimbas
dan diberikan nilai K (0,90-1,00) bagi penghasilan peta K. Peta umum pekali K dibina
melalui proses tindihan keempat-empat peta pekali K iaitu Ki, K Kz dan Ki



berdasarkan kepada dasar PES. Nilai K umum adalah dari 0.73-0.95. Nilai kos
perkhidmatan alam sekitar hasil kiraan peta tersebut dikira melalui hasil daraban
dengan harga satu hektar bernilai USD 20. Jumlah nilai perkhidmatan alam sekitar
yang dikira adalah USD 15,729.60. Nilai hakisan tanah pekali K (K;) yang dikira
melibatkan beberapa faktor-faktor yang berkaitan dengan keadaan hutan supaya dapat
menggantikan K; bagi proses pengiraan pekali K yang baru, maka nilai hutan
masyarakat telah dikurangkan kepada USD 13,170.24. Kesimpulannya, peta pekali K
menyediakan perkhidmatan alam sekitar untuk kawasan yang berbeza dan boleh
digunakan untuk mengira nilai alam sekitar hutan masyarakat dan menyumbang kepada
kaedah pembayaran program PES di Vietnam.
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CHAPTER 1

INTRODUCTION

1.1  General Background

Today, environmental problems are taking awareness by managers, policy makers and
scientists both nationally and internationally. In recent decades, the world has been
facing with a lot of extreme environmental and climate change events like the
increasing of greenhouse gases (GHG), carbon dioxide (CO;) in the atmosphere.
Consequently, the global warming and climate change have resulted in more extreme
weather phenomenon than before, for instance, more irregular and difficult to control
flood and drought which have recently happened. Referring to these problems,
sustainable forest resource management is one of the best methods to mitigate and
adapt with climate change, extreme climate events in the national or global scope.

Forest resources include a variety of tangible and intangible values which were
underestimated or nonmarket values. It is believed that human well-being and social
development strongly depends on the forest resources, especially in the rural areas of
the developing countries. Beside the timber, non-timber forest products, gene etc. the
environmental services values such as watershed protection, carbon sequestration and
landscape beauty services are to be paid attention by the society and market trade.
From early 1990s a lot of Payment for environmental services (PES) programs have
been implemented around the world as well as in Vietnam. The PES program in
Vietnam was established in 2008 under the Decision N0.380/QD-TTg by Prime
Minister (Hoang and Do, 2011). According to this decision, the PES program set up
two pilot projects in the North and Central Highland of the country. Following this
decision, after two years implementing pilot projects, the government has implemented
the PES program throughout the country under the Decree N0.99 NB-CP in 2010 in
order to solve the decreasing of forest area and forest quality as well as to alleviate
rural community’s poverty where the people’s livelihood is depend on forest resources.

PES is a payment mechanism for environmental services that the forest provided to
human. Through this mechanism, the users have to compensate for the forest owners in
the upland who protect forest by which the services are supplied such as water
regulation, soil protection, flood control, biodiversity protection and landscape beauty
protection. In this mechanism, service providers are organizations, people or
households who participated in forest protected activities or forest owners, and the
users are who benefit from forest environmental services.

The environmental services that are compensated relate to many invisible values of the
forest in which maintaining these functions include water regulation, landscape beauty,
erosion and flood control are the ‘key factor’ which was called as K-coefficient in PES
program (REDD Vietnam, 2015). According to Vietnamese PES policy, K-coefficient
is defined based on the following factors: forest status, type of forest, origin of forest
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and unfavorable and favorable conditions for forest protection (Hoang and Do, 2011).
Because in different forest areas there are different forest type, status, canopy cover,
forest origin, slope and so on. These factors contribute directly to water supply ability,
soil protection, flood control, and landscape beauty in the watershed. Within the
appropriate different characteristics of each forest area there is one unique K-
coefficient corresponds with payment amount to ensure that the compensation is
equitable and impulse the community or owners develop the forest quality to increase
K-coefficient and get more income.

One of the most complicated issues in the world nowadays is forestry, especially in
developing and poor countries. In that context, Vietham is not an exception. To
develop the economy, a huge amount of natural resources has been used including
forest resources in the second half of 20" century. The forest cover in Vietnam has
been decreased dramatically over the last 70 years. It declined from 43% of the
country’s area to 30% in 1985, and 28% in 1995 and then it was increased to 38% in
2009 (MARD, 2010). The increasing of forest cover in the last two decades was
contributed by forest plantation, including rubber plantation. The decreasing of forest
cover was not only caused by developing purposes but also by other reasons such as
eradicated chemicals, fire, bomb, and so forth. In the war time, the large areas of
Vietnam natural forest were eradicated by chemical, and bomb by the US Army. The
estimation was about 104,909 ha of mangrove forests and about 3,000,000 ha of inland
forests were eliminated (Nakamura, 2007).

In recent years, the forest area and forest quality have been decreased continuously.
According to the Vietnam Administration of Forestry (2010) the diversity of the forest
in the past was very dense with vast of high wood quality species with the average
volume was about 200 — 300 m®/ha (from 1945 — 1975). However, the condition of
forest was not maintained well, until 1995 the forest remain was almost poor forest
with the average volume was about 76m%ha. The decreasing of forest quality was
caused by shifting cultivation, land use change, over logging etc. The forests have been
cut down and replaced by agriculture and urban land, for example in the Central
Highland of Vietnam alone there were 50,000 ha of forest had been changed to rubber
plantation in the period from 2007 to 2011 and some areas were replaced by
agriculture, settlement land for some hydropower dams plan (Hoang, 2011). The main
keys that leaded to this state were claimed by the enforcement of government role such
resettlement programs, migration and logging by state forest company. In addition,
illegal logging is another severe issue as it has declined the forest quality in every type
of forest including national parks and natural conservation reserves.

1.2 Problem Statement

In this context, assuring the sustainable use of the remaining forests has never been
more crucial. In recent years, the government has tried to manage natural forest
sustainably and some community forests has been allocated to the minority people
whose ancestor had lived in the area long time ago. In which only Bu N’Dor
community forest is the one that is more successful (Bao et al., 2013). However, in



terms of PES program, the community has just become a participant in the late 2013
and they did not sure what are the services that their forest can provide.

The effectiveness of policy decisions intended at protection and sustainable use of
forest lands are excellent, therefore, reliable and applicable information to quantify and
assess forest quality in terms of environmental services such as water regulation, soil
protection, carbon sequestration, landscape beauty, etc. are important. Thus, a suitable
of forests classification and forest cover map will provide a comprehensive and
accurate view of the environmental value that related to type of vegetation cover,
topography, soil and rainfall are important to help forestry managers make appropriate
decisions in payment for forest managers and communities (Nguyen, 2009).

In addition, as it was presented, the forest cover and forest quality have changed from
time to time and this will affect the services that the areas provided. This means that
each forest area has different value in terms of environmental services value which
related to the K-coefficients that are used for making a payment.

At present, in PES program, there are not any K-coefficients that are used to calculate
the amount that the sellers could earn or the buyers have to pay for the services that
they are benefit from in through the country in general and also in the Bu N’Dor
community forest. Thus, it needs an appropriate method to define K-coefficients value
and mapping it for each forest areas accurately, rapidly and comprehensively by simple
forest factors that can be surveyed and assessed in the field as well as create a database
system that can be updated so that it can be applied for the payment in PES program.
Hence, the forest owner can look forward to protect and manage their forest in
sustainable way as well as develop the area by forest enrichment, afforestation, etc.

Because the target of PES program is enhancing the forest management in the upland
watershed and also improving the livelihood of the communities who live near the
forest and usually they are poor people. In addition, in PES program, only the owners
who have the right of the forest area can be paid for the services it provided. In this
term community’s forest is the only one kind of forest owners who have the right of
forest land privately, not government organizations, and they are usually poor and
unable to do technical process on determining the K-value of the area to make a
payment clearly.

To find the solution to this problem, this research was conducted in order to provide
some useful information on K-coefficient values of a community forest in Dak Nong
province, Vietnam.



1.3  Objectives of the Study

The general objective of this thesis is defining a K-coefficient map which can be used
for calculating the environmental services value of the Bu NDor’s community forest,
Dak Nong province, Vietnam. Accordingly, the specific objectives of the study were:

a) To determine the values of K-coefficient by forest status (Ki), essential soil
erosion (Ky), forest managed purposes (Ks) and the difficulty of forest
protection (Ka).

b) To establish the K-coefficient map distributed within the community forest.

c) To calculate the environmental services value of the community forest.

d) To suggest the new methods on determining K-coefficients value.

1.4  Organization of the Thesis

The thesis was organized into 5 chapters: Chapter 1 present the general background,
problem statement and objectives of the study; Chapter 2 describes an overview and
general basis of community forest, environmental services, payment for environmental
services (PES), the historical and development of PES, using the k-coefficient to
calculate the environmental services value, and the previous studies on PES.
Additionally, a literature review using the Revised Universal Soil Loss Equation
(RUSLE) was presented in the last part of the chapter.

The research method of this study are presented in Chapter 3. This chapter specifies
data, software, and equipment used. General information about material, location,
topography, geology and soil, climate, and a description of the forest situation were
given. The methods used to process remote sensing, to develop a set of field data, to
specify forest status using satellite data, and to produce K-coefficient maps were also
provided in Chapter 3. Chapter 4 presents the results and discussion from combining
satellite image, secondary data, field data and Geographic Information System (GIS)
software (Envi, Arc GIS) to specify the differences of each forest area in the ability of
providing environmental services via K-coefficient from that the environmental
services value was calculated. Chapter 5 provides the conclusions of the study and
highlights recommendations for further research.
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