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News

Keo Duong, a Lecturer at the Department of History has won a

Young Researcher Prize

Keo Duong has been awarded the 2022 Voltaire Prize from the University
of Potsdam in Germany. The members of the jury stated that "Duong Keo's
careful research, courageous communication, and committed interaction in
Cambodia have contributed significantly to a more conscious approach to the

past, as well as to more tolerance towards the socially marginalized

Vietnamese minority."
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Figure 1. Keo Duong with Professor Oliver Glinther, President of the
University of Potsdam, and Professor Ottmar Ette.

The 5000 EUR prize is awarded to a young scholar who has campaigned
for freedom in research and teaching or the right of free expression. It
acknowledges those who have contributed toward “social dialogue on peace,
international understanding, tolerance, and respect for differences”, or those

who “promote diversity in society oppose racism and discrimination”. It is
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organized by the University of Potsdam in Germany with financial support
from the Friede Springer Foundation. Since 2017, the award has been
received by young scholars from Turkey, Guatemala, Afghanistan, Hungary,
and Rwanda. Keo Duong, of Cambodia, is the first person from Southeast Asia
to be recognized by the award.

Figure 2. Keo Duong with his supervisor, Professor Timothy Williams and
Professor Ottmar Ette © University of Potsdam/Sandra Scholz

Campus

Keo Duong’s current PhD research at Bundeswehr University in Munich is
supported by a scholarship from the Gerda Henkel Foundation. He was
nominated by his doctoral supervisor; Professor Timothy Williams based on
two aspects of his work over the past 15 years. The first is his work as a
lecturer since 2014 at the Royal University of Phnom Penh, contributing to a
more nuanced and comprehensive understanding of the history of the Khmer
Rouge. He has taught several subjects regarding the modern history of
Cambodia, and historical research. Additionally, he worked for many NGOs,
most notably Youth for Peace, Kdei Karuna, and the Bophana Audiovisual

Resource Center, where he has conducted research, written books, and
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produced films and multi-media resources. He was also involved in revising of
national history curriculum for the Ministry of Education, Youth and Sports
seeking to improve education in Cambodia. He has also worked to promote
tolerance and respect, and contributed to a deeper public understanding of
ethnic Vietnamese minorities living in floating villages in Cambodia. He is one

of a few Cambodian researchers brave enough to speak publicly about this

politically sensitive topic, bringing academic and public attention to this issue.

Keo Duong is committed to developing his academic career by continuing
to contribute his knowledge, especially through his role at the Royal
University of Phnom Penh. He plans to continue teaching and take part in
research activities to contribute to strengthening the research culture in
Cambodia. In his acceptance speech at the award ceremony in Potsdam, Keo
Doung stated “this acknowledgement of my work is very important to me and
the prize motivates me to work harder in my research to contribute to the

academic, as well as in my advocacy community in Cambodia and overseas.”
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Editorial: The use of a tracer study to advance the
undergraduate program at the Royal University of
Phnom Penh

CHET Chealy*, SOK Serey, VONG Chovy, and SOK Vanny
Royal University of Phnom Penh (RPP), Russia Federation Boulevard, Khan
Toul Kork, Phnom Penh, Cambodia
*Corresponding Author: CHET Chealy (rector@rupp.edu.kh)

To cite this article: Chet, C., Sok, S., Vong, C. and Sok, V. (2021) The use
of a tracer study to advance the undergraduate program at the Royal
University of Phnom Penh. Cambodia Journal of Basic and Applied
Research (CJBAR), 3(2), 14-31.

It has been recognized that academic performance does not always help
students to seek decent work. Tracer studies have become popular at Higher
Education Institutions (HEIs) for tracking and evaluating student progress
beyond graduation and are recommended to be conducted regularly on
individuals, groups, or departments over time. For instance, a study may track
a cohort of students with scholarships, as an experimental group, and another
without a scholarship, as a control group (INTRAC, 2017).

Tracer studies use alumni surveys to evaluate the performance of HEls by
monitoring graduate outcomes (Millington, 2010) and are essential for
reflection on how curricula may better meet the demands of the labour
market (Harvey, 2000). They are used to identify skills mismatches and salary
expectations, as well as monitor job satisfaction (Badillo-Amador & Vila,
2013), which have policy and equity implications (Rogan and Reynolds, 2016).

Tracer studies collect data about the relationship between HEls and
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employment outcomes to explore deficiencies in teaching and learning
processes, which is useful for policy and planning decisions within the higher
education sector (Schomburg, 2003).

Tracer studies retrospectively analyze graduate outcomes using a
standardized survey conducted six months to three years after completion of
a program, which is systematically repeated either annually or biannually
(ETF-Cedefop-ILO, 2016). The results from these studies are essential for
educators and program evaluators to gather evidence to review and further
develop curricula in line with workplace demands (Osei, 2010). For instance,
the Department of Library and Information Studies at the University of
Botswana conducted a tracer study to collect and analyze data from alumni
about the training of librarians and their perception of the teaching content,
quality of education, and career pathways (Latif and Bahroom, 2010). This
kind of information enables HEIs to transform academic knowledge to better
meet market requirements (Schomburg, 2003).

Since 2004, the Royal University of Phnom Penh (RUPP) has conducted
biannual tracer studies. Based on this experience, the Department of Higher
Education within the MoEYS instructed all HEls in Cambodia to conduct
annual studies. Since this time, the RUPP has contacted 1,562 alumni in 2020
and 1,076 alumni in 2021 to obtain a richer understanding of the
employability of alumni and their satisfaction with the curriculum. This
editorial paper outlines some of the findings of the tracer study conducted in

2021.
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Knowledge and skills obtained at the RUPP

Tracer studies at the RUPP ask alumni about the knowledge and skills that
have been used after graduation. It found that 58.5% of the alumni from the
Faculty of Social Science and Humanities used the skills they had learned,
compared with 88.9% of those from the Faculty of Development Studies. A
chi-square test revealed no significant relationship between these
percentages across the five faculties (P-value=0.211), suggesting that these
results were similar (Figure 1).

Figure 1. Skill used after alumni by faculty after graduation

100.0
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88.9
64.3 66.1

oo 58.5 59.0
50.0
40.0
30.0
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Faculty of Science Faculty of Social Sciences  Faculty of Engineering  Faculty of Development Institute of Foreign
and Humanities Studies Languages

Note: Chi-square test (P-value=0.211).

Overall, alumni indicated a high degree of satisfaction with the
knowledge, skills, and competencies acquired from the RUPP. This was
especially the case for the ability to work in a team, critical thinking skills,
obtaining experience in social work, communication skills, and the

development of a gentle attitude (Figure 2).
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Alumni also indicated a high degree of satisfaction with teachers, teacher
attitudes and ethics, teacher skills and qualifications and matching the topic
of study with the level of experience of teachers. They also ranked the
research discoveries of teachers, their use of teaching tools and equipment,
encouragement offered, timely lesson completion, lesson preparation, and
teaching quality highly (Figure 3).

Figure 2. Satisfaction with knowledge, skill, and competencies

Knowledge of critical thinking
0.80

Skills in participating in social work 0.78 Knowledge of creativity

Knowledge in initiating development ideas Ability to work ina team

Leadership skills Comunication Skills

Gentle attitude Knowladge of Information

Ability to use technology Knowladge of Media

Notes: WAI = Weight Average Index measured on a five-point scale [Very low (VL) =
0.00-0.20, Low (L) = 0.21-0.40, Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very
high (VH) = 0.81-1.00]; OA = Overall Assessment.

In Figure 4, the employability rate after graduation from the RUPP is
presented. Overall, graduates from Science or STEM disciplines (61.6%) had
greater access to employment opportunities than graduates from the Faculty
of Social Sciences and Humanities (16.5%); Institute of Foreign Languages (IFL)

(11.7%); Faculty of Engineering (FoE) 9.2%; and Faculty of Development
Studies (FDS) (1.1%).
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The percentage of students responding relative to the proportion of
graduates, however, is so small from some facilities (i.e. FOE & FDS) that it
may be assumed that graduates faced challenges accessing jobs. When
tracing the job opportunities available to graduates, the data reveals that
graduates had similar opportunities to access work. Remarkably, most
graduates could find relevant jobs in their field of study in Phnom Penh.
Another significant finding was that other provinces in Cambodia such as
Kandal, Takeo, Kampot, Kampong Cham, and Prey Veng require similar skills
to those required in Phnom Penh. In other words, these provinces also require
graduates with 21t Century skills.

Figure 3. Satisfaction with teaching and learning at RUPP

The lecturer has qulification
0.86

0.84
0.82
0.8Q

Teachers research new discoveries The lecturer has Experincing in teaching

Higher educated teachers Subjects that match the teacher's skills

Proper use of teaching tools and

. Lesson preparation and teaching qualit
equipment prep 8 qusity

Teachers' teaching attitudes and ethics Timely lesson completion

Encourage students

Notes: WAI = Weight Average Index measured on a five-point scale [Very low (VL) =
0.00-0.20, Low (L) = 0.21-0.40, Moderate (M) = 0.41-0.60, High (H) = 0.61-0.80, Very
high (VH) = 0.81-1.00]; OA = Overall Assessment.

Figures 5, 6, and 7 describe the relationship between communication skills
and (1) the ability to work in a team, (2) knowledge of information technology,

and (3) leadership skills. This correlation analysis confirms that
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communication skills are strong and positively associated with knowledge of
information technology and leadership skills. Communication skills were
found to be beneficial for students in their future employment. When
students are equipped with good communication skills, they are also likely to
be competent in information technology and leadership.

Figure 4. Employment rates by province
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Note: Chi-square test (P-value=0.000).

Figure 8 and Figure 9 show a strong and positive association between
leadership skills and level of initiative. The analysis also reveals a strong and
positive association between initiative and social work capacity. Graduate
students with good leadership skills tended to have a high competency in
demonstrating initiative and social work capacity.

There were several reasons why alumni chose to study at the RUPP
including its reputation (66.1%), quality of education (44.6%), courses
(38.2%), and availability of scholarships (16.7%). In recent years, the RUPP has
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gained national and international recognition and as a result, more students

have enrolled in courses (Figure 10).

Figure 5. Relationship between communication skills and ability to work in a
team r=.728, P-value =0.000
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Figure 6. Relationship between communication skills and knowledge of
information technology r=.714, P-value =0.000
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Figure 7. Relationship between communication and leadership skills r=.705,
P-value =0.000
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Figure 8. Relationship between leadership skills and level of initiative r=.745,
P-value =0.000
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Figure 9. Relationship between level of initiative and social work capacity
r=.745, P-value =0.000
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Figure 10. Reasons for enrolling in courses at RUPP
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On average, alumni earned 293.07 USD per month following graduation,
however, income inequality was high, especially for students from the Faculty
of Social Science and Humanities (Figure 11). An ANOVA test reveals a

significant difference in income across the five faculties (P-value = 0.015).
22
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While alumni from the Institute of Foreign Languages earned as much as
317.11 USD per month, alumni from the Faculty of Development Studies
earned as little as 277.78 USD per month. It is common for undergraduate
students to hold either part-time or full-time jobs while studying to help cover
school fees and living costs. On average, a student earned 193.80 USD per
month while studying. A t-test analysis reveals that monthly income after
graduation was significantly higher than monthly income earned while
studying.

Figure 11. Monthly salary earned after graduation
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Note: ANOVA test (P-value=0.015).

277.78

Multiple linear regression was used to predict key influencing drivers of
the salary of alumni after graduation from RUPP. The model indicated that
higher salaries are more likely when (1) the curriculum responds to the labour
market, (2) the curriculum adheres to national policy, (3) students present at

conferences, (4) students publish a thesis or a journal article, (5) the
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restaurant provides affordable meals for students, and (6) job finding services
are provided to students

Figure 12. Monthly salary during and after study at the RUPP
450.00
400.00
350.00
300.00
250.00
200.00
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100.00

50.00

0.00
Monthly salary during study at RUPP Monthly salary after graduation from RUPP

Note: t-test (P-value =0.000).

It was also found that alumni may gain higher salaries when RUPP (1)
improves curriculum in response to the labour market, (2) improves national
policy, (3) encourages participation and presentation at conferences by
students, (4) published the work of students, (5) provides a better connection
with employers during studies, and (6) improves the job services offered by
the RUPP.

Multiple linear regression was also applied to predict factors influencing
promotion opportunities obtained by alumni. These included the application
of knowledge and technology, career and skills development, working
environments, knowledge of creativity, and communication skills. Higher

levels of access to the factors help to increase the chances of promotion.
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Table 1. Key drivers influencing salary of students after graduation

Attributes B Standard  P-value
error

(Constant) 0.850 0.138 0.000

Curriculum responds to labor market 0.142 0.052 0.006

Curriculum responds to societies 0.089 0.056 0.114

needs

Curriculum adheres to national policy  0.100 0.048 0.039

Curriculum contribtues to global -0.042 0.056 0.453

development

Curriculum is linked to research -0.089 0.050 0.073

Participation and presentation at 0.156 0.051 0.002

conferences

Publication of a journal article and/or 0.127 0.047 0.007

thesis

Classroom environment appropriate 0.033 0.038 0.385

to the number of students

A good learning environment at the -0.088 0.046 0.056

institution.

There are sufficient vehicles for the -0.022 0.044 0.614

number of students

The restaurant has reasonable 0.087 0.042 0.036

services for students

Provision of counseling services for -0.001 0.049 0.986

students

Provision of health services and 0.053 0.045 0.242

health education programs

Students are able to express opinions -0.061 0.047 0.195

and provide constructive criticism

Provide job finding services for 0.203 0.042 0.000

students
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Table 2. Key drivers influencing promotion opportunity of students after

graduation
Attributes B Standard P-value
error
(Constant) -0.029 0.111 0.795
Application of knowledge 0.362 0.040 0.000
Career and skills development 0.274 0.045 0.000
Scope of work and responsibilities -0.032 0.042 0.452
Working environment 0.246 0.040 0.000
Critical thinking -0.013 0.046 0.786
Creativity 0.099 0.047 0.036
Ability to work in a team -0.006 0.047 0.902
Communication skills -0.121 0.050 0.016
Use information 0.092 0.052 0.075
Use of media -0.040 0.047 0.399
Ability to use technology -0.055 0.048 0.251
Gentle attitude -0.060 0.046 0.196
Leadership skills 0.083 0.044 0.062
Level of initiative 0.035 0.049 0.475
Skills in social work 0.049 0.047 0.298

The regression model outlines the essential factors related to the ongoing
career development of graduates. These included education-related theories
and practices; applying the skills and knowledge learned while studying; skills

being closely linked to future employment; knowledge obtained being
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relevant to Cambodian society; the capacity to analyze and resolve career

challenges; access to stable employment; the capacity to maintain good

workplace relationships; the capacity to use information technology;

satisfaction with the quality of education provided; and the influence the

course you completed had on shaping your career.

Table 3. The aspects of education that are important to the careers of RUPP

graduates
Attributes B Standard  P-value
error

(Constant) 0.087 0.086 0.311
Education related theories and 0.090 0.032 0.005
pracitces

Skills and knowledge accessed 0.107 0.031 0.001
Skills attained being closely linked to 0.229 0.033 0.000
future employment

Knowledge being relevant to 0.111 0.031 0.000
Cambodian society

The capacity to analyze and solve 0.098 0.036 0.006
career challenges

Access to stable employment 0.077 0.038 0.044
The capacity to maintain good 0.094 0.039 0.016
working relationships

Improved creativity -0.022 0.037 0.556
Capacity to use information 0.067 0.030 0.023

technology
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Capacity to become an entrepreneur 0.044
or establish a business

Sufficient English language skills -0.050
The requirement to complete an -0.029
internship before graduation

The usefulness of an internship in 0.014
accessing employment

The usefulness of the internship in 0.021
building your capacity in your current

job.

You would recommend your course -0.059
to other students

You are satisfied with the quality of 0.090
education provided

The course completed helped you 0.101

shape your current career

0.029

0.029
0.026

0.028

0.033

0.031

0.032

0.032

0.129

0.085
0.265

0.617

0.517

0.057

0.005

0.001

The regression model indicates that critical thinking, creativity, and the

ability to use technology are key variables that influence whether the skills

and knowledge accessed at RUPP may be applied in a future career.

The RUPP has paid attention to the quality of education and employment

opportunities for its graduates via annual tracer studies. The findings of these

studies have been used to revise, plan and design the curriculum. The vision

of RUPP is to be the flagship university in Cambodia, with a national and

regional standing in teaching and learning, research and innovation, and
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social engagement. Thus, the findings of tracer studies as part of the
monitoring and evaluation system at the RUPP are used to track the progress
of the Strategic Plan (2019-2023) and for continuous quality improvement.
Improvements in the quality of education through curriculum revision are
applied to meet the demands of society and turn the unique vision of the
RUPP into a reality.

Table 5. The skills and knowledge RUPP graduates apply to their current job

Attributes B Standard  P-value
error

(Constant) 1.302 0.153 0.000
Knowledge of critical thinking 0.253 0.045 0.000
Knowledge of creativity 0.113 0.046 0.014
Ability to work in a team -0.062 0.049 0.203
Communication Skills 0.023 0.054 0.667
Knowledge of Information 0.073 0.057 0.203
Knowledge of Media -0.023 0.055 0.673
Ability to use technology 0.100 0.048 0.037
Gentle attitude -0.069 0.048 0.148
Leadership skills 0.080 0.052 0.121
Knowledge in initiating development 0.002 0.057 0.978
ideas

Skills in participating in social work 0.091 .052 0.078
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Abstract

In this paper, Floquet's theory will be applied to a positive periodic
operator on a Banach space to show the existence and uniqueness of
a solution to Floquet eigenvalue problems and their adjoints. Then, the
theory will be applied to an age-structured equation with positive and
periodic coefficients to study a Floquet exponent, which measures the
growth rate of a population. At the same time, exponential and long-
run asymptotic decay will be derived using the entropy method.

Keywords: Eigenvalue problem, age-structured equation, Floquet
theory
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Introduction

When modelling population dynamics, the first step is to identify
significant variables that enable the division of a population into
homogeneous subgroups. This is used to describe the dynamics of the
interaction between these groups. Age is one of the most natural and
significant parameters for structuring a population. Many internal variables
are dependent on age. For example, age differences may be associated with
different reproductive and survival abilities.

A model for age-structured populations (McKenDrick, 1926; von Foerster,
1959) was designed to study disease transmission in populations. Often
diseases have different infection and mortality rates for different age groups
(Anderson & May, 1991). For instance, chickenpox or measles are spread
mainly via contact between two members of a population of a similar age. In
models of disease transmission, an age-structured equation is useful as it
allows the ages of different members of a population to be accounted for
when determining variables such as contact rates.

lannelli & Milner (2017) defined the evolution of a population over time
using an age density function known as the McKendrick equation. There are
several reasons for introducing time dependence between the coefficients of
this equation. A common rationale is to represent seasonality. Another is
related to modelling cell division in cancer treatments, such as resonance and
chrono-therapy, which are based on modelling Circadian rhythms

(Clairambault, Michel & Perthame, 2016).
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In this paper, an age-structured model is analyzed for the periodic death
and birth rate of a population over time. It uses a partial differential evolution
equation (lannelli & Milner, 2017) that models the dynamic nature of the
population density n(t, x) of individuals aged x > 0 atatime t € (0, ) with
age-dependent birth and death rates. The age-structured equation has the

following form

0 0
|(—n(t, x)+—n(t,x) +d(t,x)n(t,x) =0, Vt = 0,x =0
ot 0x

n(t,x=0) = J B(t,x)n(t,x)dx
n(t = 0,(;() =n(x),

where d(t,x) and B(t,x) represent the death and birth rate of a
population, respectively, as periodic functions with a period T.

This work derives a solution for the age-structured equation and its long-
run asymptotic exponential decay, as well as a proof of its uniqueness.
Methodology

An age-structured model based on a partial differential evolution
equation has been used to predict population density dynamics. More
specifically, this is an eigenvalue problem that poses some fundamental
guestions about the existence and uniqueness of these equations. To answer
these questions, Floquet’s theory is applied to a Banach space. This is an
extension of applying Floquet’s theory to a matrix (Brown, Easthem &
Schmidt, 2013) to prove the existence of a Floquet exponent. Then, the long

run asymptotic exponential decay of the solution of the age-structured
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equation is proven via the entropy method (Perthame, 2007; Michel, Mischler
& Perthame, 2004; 2005).
Results and Findings

This work comprises two parts. The first deals with the extension of
Floguet’s theory for any positive periodic matrix to any positive periodic
operator on a Banach space. More specifically, a linear differential equation

of the form

d

—X(t) = A(t)X(v),

X = AOX(©)
where t € R, X(t) is a vector on a Banach space E and A(t) is a periodic
continuous operator with period T on E.
The existence and uniqueness of the Floquet exponent A, and the positive

and T -periodic N(t), ¢ (t) will be proven for the following equations

T = AN = A N(©) and =22 = 4 ©$(0) = Zper b (0).
The second part of this paper applies these results to an age-structured
equation. Partial differential evolution equations using coefficients that are
periodic functions of time are used to model population density dynamics.
The existence and uniqueness of (A, N, ¢) will be proven for the following
age-structured equation:
0 0
gn(t, x) + an(t,x) +d(t,x)n(t,x) =0, Vt = 0,x >0

o0}

n(t,x =0) = J B(t, x)n(t, x)dx
0
n(t = 0,x) = n°(x).
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The associated Floquet eigenvalue problem of the age-structured equation

above is given by:

(0 0
aN(t,x) +a—xN(t,x) + (/’Lpe,+ d(t,x))N(t,x) =0,vVt=0,x=>0

) N(tx = 0) = f B(t, X)N(t, x)dx

0

T [e's)
N(t,x) >0,T — periodic,f f N(t,x)dxdt =1,
o Jo

And it’s adjoint eigenvalue problem is given by

9] 0
J(_aqf)(t, %) = 2=$(6,2) + (Aper + A(6,3)) (6,2) = BE, (2, 0),
Vt>0,x =0
l ¢(t,x) >0,T — periodic,f N(t,x)p(t,x)dx = 1.
0

The long-run asymptotic exponential decay of this equation is derived as

follows:
foo|n(t, x)e tert — pN(t, x) | (¢, x)dx
0
et [ 10 - pN (O, D190, el
0

where p = fooo n%(x) (0, x)dx and its long-run asymptotic behaviour via the

entropy method
f |n(t, x)e~ert — pN(t, )| (¢, x)dx > 0ast - oo
0

Floquet’s Theory

Floquet theory for matrix. The following homogeneous linear periodic system

%X(t) = A(DX (D), (1.1)

36



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

where X € R and A(t) is a continuous d X d real matrix-valued function in
t, andA(t+T) = A(t), for someT > 0. A unique solution exists for
Equation 1.1 for the initial condition X(t,) = x,. This solution satisfies X(t) =
®(t,ty)x, where ®(t,ty), is known as a principal fundamental matrix

solution and is a solution to the matrix initial value problem

%m, t) = ADB(, to), DLy, to) = I.

1. As this solution is unique,
O(t,r) = d(t,s)D(s,7r), Vr<s<t
2. @(t, ty) = D(to, t) L
Thus, it may be observed that

d
E(p(t 4T to+T) =A@t + TPt +T, to +T) = A)P(t + T, ty + T)
Again, due to the uniqueness of the solution, @(t + T, t, + T) = @(t, ty).

Now, it may be denoted that,
M(to) = (p(to + T, to) and M = ¢(T, 0)

Then, it follows that

M(t1) = (p(t1 +T, t1) = cp(tl +T,t, + T)Cp(to +T, to)‘p(toy tl)
= @(ty, to)M(to)P(t, to) 1.

This means that M(t,) and M(t,) are similar for t, < t; and thus have the
same eigenvalues. That is, the eigenvalues of M(t,) are independent of t,.
Thus, the eigenvalues of M = @(T,0), also known as a monodromy matrix,
are of interest to this study. As det(M) # 0, a constant matrix B exists,
whereby M = eTB.
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Definition 1.1. The eigenvalues p; of M are called Floquet multipliers. The
complex eigenvalues A; of B are called Floquet exponents and are related by
the equation p; = e,

Theorem 1.2 (Floquet). If M is a monodromy matrix for a T-periodic linear
system (Equation 1.1). Then, there is an invertible periodic matrix P(t) and a
constant matrix B such that

@(t,0) = P(t)e'® foranyt > 0.

Proof. If W (t) :== @(t+ T,0) then the following initial value problem is

satisfied

%W(t) =At+T)¥(t) = A(H)¥P(t),
() =M
since A(t) is T-periodic, a unique solution is given by ¥ (t) = @(t,0)M.
Thus,
@(t+T,0) =@(t,00M = &(t,0)e’?.

By taking P(t) := ®(t,0)e 5,

Pt+T)=d(t+T,0e DB = ¢(t,0)eTBe~t+TB = p(t)
and P(0) = 1.
Theorem 1.3. There exists a real 2T-periodic matrix Q(t) and a real matrix R
such that
@(t,0) = Q(t)etR.
Proof. Since det(M) # 0, there exists a real matrix R such that M? = e?TR,
Thus, it may be defined that (t) :== ®(t,0)e % .
Then, it follows that
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Q(t +2T) = &(t + 2T,0)e ?"Re'R = & (t + T,0)Me™*"Re'R
= @(t,0)M?e2TRetR = @p(t,0)M>M~2etR = Q(t).
Therefore, Q is 2T-periodic.
Theorem 1.4. If p; is a characteristic multiplier and 4; is a corresponding
characteristic exponent so that p; = eXT; then a solution X(t) exists for
Equation 1.1, such that
1. X(t+T)=p;X()
2. X(t) = N(t)eYt, where N: R, — R%is a T- periodic function.
Proof. If p; is an eigenvalue of M, then v; # 0 and Mv; = p;v;. Thus, if X(t) =

@(t, to)v;, then X(¢) satisfies the initial value problem

d
X0 = AOX(),
X(to) =V;.

It follows that

Furthermore, by taking N (t) = X(t)e %t and using the fact that p; = eMT,
it may be stated that

N(t+T) =X+ T)e N = px()e Mite ™" = X(H)e Mt = N(b).
So, when A(t) is a positive T-periodic function, and if fOTA(t)dt is positive
and irreducible, then matrix B in Theorem 1.2 is also positive and irreducible,
leading to the following corollary.
Corollary 1.5. There exists a Floquet exponent A, > 0 and a T-periodic

N(t) > 0 satisfying
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d’l’i_it) = A(t)N(t) — AperN (0).

Proof. Since B is positive and irreducible, so is M. Thus, by the Perron-
Frobenius theorem, an eigenvalue A > 0 of B exists and is associated with a
positive eigenvector. If it is taken that A, = A > 0. Then e?eer” is a positive
eigenvalue of M associated with a positive eigenvector v.
Then it may be defined that
N(®) = X(D)e e,

where X(t) = @(t, t,)v and the desired result follows from Theorem 1.4.
Next, the adjoint linear periodic system can be considered

= Z(t) = —A"(DZ(0). (1.2)
Given Z(t,) = z,, it has a unique solution Z(t) = ¥(t,, t)z,, where ¥ (t,,t)

is defined as the matrix solution to

%'P(to,t) = —A"(O¥(ty, t), P(to ty) = 1.
The monodromy matrix M* then may be defined as follows:
M =w(0,T) = (&*(0,7)) " = (&(T,0)) =M1,
Theorem 1.6. If p; be a characteristic multiplier and A; is a corresponding
characteristic exponent so that p; = eXT. Then there exists a solution Z(t)
to Equation 1.2 such that

1. Z(t+T) = fZ(t).

2. Z(t) = ¢p(t)e M for some T-periodic function t = ¢(t) € R% .
Proof. If p; be an eigenvalue of M, then, v; # 0 such that Mv; = p;v;. Let
Z(t) = W(to, t)v;. Thus Z(t) satisfies the following initial value problem
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d
72O =—A(OZ(),
Z(to) =7V;

Then,
-1 -1 1
Z(t+T) =¥(to, t +T)vy =¥ (to, OM™ v; = p; ¥ (b, Dvj = p—Z(t).
j

And it may be defined that ¢ (t) = Z(t)e’it. Thus if p; = e’T, it follows that
¢(t+T) =Z(t + Tl = pr1z()eti'elT = Z(Delt = ¢ ().
Corollary 1.7. Under the assumption that A(t) is positive and T-periodic, a

Floquet exponent A,., > 0 and a T-periodic ¢(t) > 0 exists satisfying

WO - 4O - Aot 0.

Proof. Since B is positive and irreducible, so is M. Therefore, by the Perron-

Frobenius theorem there exists an eigenvalue A > 0 of B with an associated

YperT s a positive

positive eigenvector. If it is taken that A,, = A > 0, then e
eigenvalue of M associated with a positive eigenvector v. Thus it may be
defined that

P(t) = Z(t)ere=,
where Z(t) = ¥Y(t,, t)v and the desired result follows from Theorem 1.6.
Floquet theory on Banach space

If a linear periodic system on a Banach space E is considered,

d
EX(t) = A(t)X(t). (1.3)
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where X € E and A(t) is a continuous operator-valued T-periodic.
Then is a unique solution to Equation 1.3 together with the initial value
X(ty) = xo € E. This solution is given by X (t) = U(t, ty)x,, where U(t, ty) is
a linear and bounded operator on E and satisfies the following properties:
1. Ut te) = AUt t), Ulto,te) =1
2. U(t,r)=U(t,s)U(s,r), foranyr <s <t
3. U(t+T,ty+T)=U(t, ty).
If an operator-valued function is specified as M(t,) = U(t, + T,t,) and a
monodromy operator as M := U(T, 0), then the following can be denoted:
Definition 1.8. ;1 is an eigenvalue of M if u € g,(M), thus, there is a non-zero
vector v of E such that Mv = uv. This vector is an eigenvector corresponding
to the eigenvalue u of M.
Theorem 1.9. The following results hold:

1. M(to+T) = M(ty)

2. o (M(to)) = 0,(M) where o,,(M) = {u: ul — M is not one-to-one}.
Proof.

1. By the definition of M, it follows that
M(tg+T)=U(ty+T+T,ty+T)=U(ty +T,ty) = M(ty).

2. It can be proven that for t, < tl,ap(M(tO)) = ap(M(tl)). For
instance, if u € ap(M(to)), then 0 # v € E exists, such that
M(ty)v = uv. Then, if w := U(ty, ty)v, it follows that

Mt ))w=U(t; + T, t))w = U(t; + T, t)U(ty, to)v
=U(t + T, t))v=U(t; + T, to + TDU(ty + T, t,)
= U(ty, to)M(to)v = uU(ty, to)v = pw.
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Thatis, u € ap(M(tl)). This means that g, (M(to)) c o, (M(tl)).
Conversely, it may be said that if ny € N large enough, so that nyT + ¢, > t4,
then ap(M(tl)) c op(M(noT + to)). Finally, since M (t,) is T-periodic, then
0,(M(ty)) € 0,(M(t1)) € 0,(M(noT + to)) = a,(M(t)).
Theorem 1.10. Ifu = e?T, then the following are equivalent.
1. puisaneigenvalue of M
2. AT-periodic function t = N(t) € E exists, where
X(t) = N(t)e is a solution to Equation 1.3 with an initial value
X(to) = xo.
Proof. In the theorem above, (1) implies (2). Following the same process as
the proof for this matrix, (2) also implies (1). Then, if y, := U(0, ty)x,, it
follows that
N(t+T) = X(t + T)e At+T)
= U(t + T, ty)xoe A+
=U(t + T, T)U(T, 0)y,eAt+D
= U(t,0)U(T, 0)y e t+T),
Or alternatively,
N(t+T)=N(t)
=X(t)e M
= U(t, ty)xge
= U(t,0)y,e .
Therefore,
U(t,0)U(T,0)y, = e*"U(t,0)y,.
By takingt = 0,
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My, = U(T,0)y, = e*Ty,
It follows that e”7 is an eigenvalue of M.
Corollary 1.11. If additionally, an operator U(t,0) is compact and strictly
positive on a Banach lattice, then a Floquet exponent A, >0 and a T-

periodic N(t) > 0 exists, satisfying

dN(t)
dt

= A(E)N(t) — ApeN(8). (1.4)
Proof. Since M = U(T, 0) is compact and strictly positive, the Krein-Rutman
theorem demonstrates that there is a simple eigenvalue p > 0 with an

AperT and

associated eigenvector N, > 0. Taking 4,,, > 0, such that u=e
defining N(t) = X(t)e %et > 0, such that X(t) is defined as in Theorem
1.10, the desired result is yielded.

Corollary 1.12. (Unigueness). There is a unique solution (up to a multiplicative
constant) to the Floquet eigenvalue problem in Equation 1.4.

Proof. If another positive T-periodic solution M (t) exists for Equation 1.4, it

can be proven that N(t) = cM(t) as follows

(M) = a@erme).

The uniqueness of the solution to Equation 1.3 with the initial value gives
M(t) = e et U(t, to)x,.
Takingt =T,
M(0) = M(T) = e = TU(T, to)xo = e *=TU(T,0)U(0, to)x,
= e MY (T,0)M(0).
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Since M(0) > 0, e*eT is an eigenvalue of M = U(T,0) with an associated

4erT js a simple eigenvalue of U(T,0) with an

eigenvector M(0), then e
associated eigenvector N,. Hence M(0) = cN,. Thus,
M(t) = e et U(t, ty)xo
= e et U (t,0)M(0)
= e~ hertU(t, 0)cN,
= cN(t).
For the adjoint linear periodic system
%Z(t) = —A*()Z(D), (1.5)
where A(t) is a continuous T-periodic linear operator-valued function, the
following can be denoted.
Theorem 1.13. If u = eT, then the following are equivalent.
1. pisan eigenvalue of M
2. AT-periodic function t = ¢(t) € E suchthat Z(t) = ¢(t)e * where
Z(t) is the solution of (2.5) with an initial value Z(t,) = z, exists.
Proof. In the theorem above, (1) implies (2). Following the same process as
the proof for this matrix, (2) also implies (1). Thus
Gt +T) =Z(t + T)ert+D)
= Y(ty, t + T)zy e+
= Y(t,, ) (0,T)z, e+,
Or alternatively,
¢t +T) = ¢(t)
= Z(t)eM
= Y(ty, t)z, ™.
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Thus
Y(ty, OP(0,T)zy = ¥ (ty, t)zge .
Taking t = t,,
M1z, =¥(0,T)z, = e *z,.
That is, e*T is an eigenvalue of M.
Corollary 1.14. In addition, if the operator U(t,0) is compact and strictly
positive on a Banach lattice, a Floquet exponent A,,, > 0 and a T-periodic
¢(t) > 0 exists satisfying

_dg()
dt

Proof. Since M = U(T, 0) is compact and strictly positive, the Krein-Rutman

= A"()p(t) = AperP (D).

theorem demonstrates that there is a simple eigenvalue 4 > 0 and associated
eigenvector ¢, > 0. If it is taken that Ape, > 0, such that u = eMver” and
o (t) = Z(t)e?et > 0, where Z(t) is defined as in Theorem 1.13, the desired
result is obtained.

General relative entropy

Definition 2.1. (Perthame, 2007, p. 165) If H is a real-valued convex function,
then the general relative entropy (GRE) may be defined as

i H (Xl—(t)> N; () (2),

e N;(t)

where X; (t), N;(t) and ¢; (t) satisfy Equations 2.1, 2.2 and 2.3, respectively.
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The uniqueness of the solution to the Floquet eigenvalue problem
If A(t) = (a;(t)) 2 0 for 1 < i,j < d, then X; (£) > 0,N;(£) > 0, ¢ (£) >

0 and it can also be proven that a unique A, exists with a maximal real part

such that
D = %5 ay (OX;(0) — AerXi(0) (2.1)
2D = %5 ay (N () = Loe Ny (0) (2.2)
— 220 = %, ()5 () — Loerhi(0). (23)

Theorem 2.2. If A(t) be a T-periodic matrix with (lpe,, N, ¢) defined as
above, then for any positive initial conditions, for any solution of Equation 2.1,

and any positive convex function H, then

d
d X;
vt >0, %;H< (t))zvi(t)mt) = —Du(X)(D),

N;(¢t)
where
) i(t)> <Xi(t) X,-(t)) <X,-(t)>
Dy (X)(t) = ;i (DN () ;(t) |H - +H
WIGE Zam (>¢<)[ (Ni(t) o vo) e
Xi(t)
H (Ni @)] >0,
Proof.

d ; O\ d /X,
oo g (55) = neomon (35) 1 (765)

10 X,(0) S Ni(®)
N, (t)> O R

-t
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, (X
= ¢;(OH <Ni(t)>

X:(0) (2 @i (ON;(©) = AperNi (D))
- Ni(©)

i X: Xi
= ¢:(OH ( (¢ )> ij(t)l\lj(t)¢i(t)z< i@ (t)>
J

Z aij (t)Xj (t) - )lperXi (t)
J

N;(t) N;(®)  Ni(D)
and

$i(OH (NES) Ni(6) + N(OH (NEtD 0

16
= pi(OH ( m) <Z ay (ON; () - A,,e,zvi(t)>
Xi(©)
+MOH (e )| = 2 6080 + 2,00
J

() 0
= ¢i(OH ( e )) Z ay (ON;(O) = Ni(OH ( N (t)> Z @i ()5 (0.

Thus,

d
d X;(t) B
E; H <Ni(t)) Ni(©)$i(8) = —Dy (X (0).

Corollary 2.3. A unique solution (up to a multiplicative constant) exists for the

Floguet eigenvalue problem denoted by Equations 2.1, 2.2 and 2.3.
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Proof. Using the general relative entropy property with the convex function

H(s) = (s — 1)?,

LN (1) = -3, 0y 0N 00 (29 - 29) <

Ni(t) Nj(@®) Ny

0

Thus i, N (e (8) (30

function, hence, it is constant and

X (t)

2
NGO ) is a positive, periodic and decreasing

X Xi(t))z _
N, O N

51 a5 ON, OO

This is only possible when forall i,j =1, ..., d,

5O _ K@
N; () Ni(D)

= c(t).

It can now be proven that in the case where X;(t) = c(t)N;(t), c(t) must

be constant. Using Equations 2.1 and 2.2

%X () = N(®) C(t) + C(t) - Ni(©)

d
= Ni(©) 2=e() +¢(©) | D ai Ny(©) = AperNe(0)

J
d
= MO e +( ) @ X,(0) = Ao Xi(®)
J

—N(t) c(t)+ d X(t)
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Then N; (t) c(t) = 0. Since N;(t) > 0, c(t) = 0. So c(t) is constant as

required.
Asymptotic behaviour
Here, the maximum entropy principle is used to prove exponential decay.
Proposition 2.4. If cand C are constants, such that cN;(0) < X;(0) <
CN;(0), then it holds that

cN;(t) < X;(t) < CN;(t) foranyt > 0.

Furthermore, a constant o« > 0 such that

N ® N ©_ .\’
> N(©¢:® (N‘—(t)—1> <) N (mﬁ) e,

Proof. By applying the entropy principle to the convex function H(s) =

max(0,s — C), it may be shown that Y&, N;(0)¢; (O)H(iig;) 0.

However, as general relative entropy is nonnegative and decaying, it remains
zero at all times.

ZN ®¢;(OH (ngtD =0 foranyt > 0.

Since N;(t),¢;(t) >0, H (X Eg) 0; that is X;(t) < CN;(t). Similarly, for
the convex function H(s) = max(0,c — s), it can be shown that cN;(t) <
X;(t).

To prove the second claim, the entropy property may be applied to the convex

function H(s) = (s — 1)? to obtain

d , 2
—d E ¢ ! i § Xi(t X;
dt OO <N Eti 1) T i (t)N](t)(pl(t) (Aljgt; N1E3>
i=1 T
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<~ KON (5-1)

where Lemma 2.5 (below) and the Gronwall’s inequality (see Appendix) are
used.
Lemma 2.5. If ¢(t),N(t) > 0,a;;(t) >0 for all i,j=1,..,d,i #j, then
there is a constant a > 0 such that the following inequality holds
d

m ) m©))* m; (D))’

-(t)a--(t)N-(t)( - Z (ON;(0)

l-,-Zl POGONO\NG ™ NG v 6}

for all m such that Y%, ¢;()m;(t) = 0.

Proof. For the case m(t) = 0, the proof s trivial. So a case where case m(t) #

N2
0 and is considered and normalized so that Y%, ¢; (£)N;(t) (r;‘((g) = 1. This

case is proven by contradiction. If no such a exists, a sequence (mk(t))
k=1

can be constructed, with

1
< -
k

d mr(t) mk@) 2
{(®a;; (ON: () | L= - = )
> di®ay® ,()(M(t) o

ij=1

and

k
Z BiON:(0) ( - 8)

The compactness of (mk (t)) follows from the Arzela-Ascoli theorem, so a
k=1

convergent subsequence can be extracted still denoted by (mk(t)) with
k=1
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,fim m¥* (t) = m(t). Then passing to  the limit  gives

L1 9i(ON; (D) (W’—(t))z =1and

N;(t)

d 2
) m) _
JZ Bi(Day (ON; () ( o Ni(t)>
m) _ O

By the positivity of ¢;(t), N;(t), a;;(t), NGO N

v(t), for all i,j =

1,...,d. However since 0 = z?=1¢i(t)1vi(t)ff—((g = v() TL, (N (D), it

_ 2
follows that v(t) = 0, which contradicts to X% ; ¢; (t)N;(t) (%) =1

Application to an age-structured equation
Now a model of dynamics of population age-structured can be considered in
which the coefficients are a periodic function of time. This is described by the
following Von Forester-McKendrick partial differential equation
%n(t,x) + :—xn(t, x) +d(t,x)n(t,x) =0, vt =20,x >0
n(t,x =0) = fOOOB(t, xn(t, x)dx (3.1)
n(t = 0,x) = n°(x),
where n(t, x) is a population density of individuals of age x > 0 atatimet €
(0,00) with d(t,x) and B(t,x) representing the death and birth rate of a
population and being T-periodic, respectively. The boundary condition at x =
0 represents the number of newborns at time t and n°(x) is the initial age
distribution of the population at time t = 0. It is assumed thatd > 0,B >
0,d,B € WV* and

1< inf B(.,x)e Jo Al—x+tyy)ay gy
te(0,T) Jo
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sup f B(.,x)e Jo At=x4y3)ay gy < oo,
te(0,T) Jo

Then Equation 3.1 can be written as an evolution equation

9 - A
(’)tn = An
n(0,x) = n°(x)
with the operator An = — aa—xn — dn is defined on the space

E = {n(t,x) € D'((0,0) x (0,))|n(t,0) = fOOOB(t, x)n(t, x)dx}.
The long-run asymptotic behaviour of the population density, with a growth
rate measured by the Floquet exponent A, using the Floquet eigenvalue
problem can now be studied

a a
(SN (t,x) + =Nt ) + (Aper +d(t, ) ) N(E,x) = 0, VE>0,x 20
N(t,x =0) = [° B(t,x)N(t,x)dx (3.2)
N(t,x) > 0,T — periodic, fOT fOOON(t, x)dxdt = 1
together with its adjoint eigenvalue problem
d d
—Z (6, %) — = (£, %) + (Aper + d(t,%)) (6, = B(t, 1) (2, 0),

VE>0,x>0 (33)
¢(t,x) > 0,T — periodic, [,” N(t,x)p(t,x)dx = 1

First, the existence and uniqueness of the following partial differential
eqguation are considered
Theorem 3.1. If u > 0, then a unique solution n € C(R+,L1(R+; qb(.,x)dx))

to the below equation exists
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0 0
(an(t, x) + an(t, x)+ (p+dt,x))n(t,x) =0, Ve =0,x =0

n(t,x =0) = f B(t,x)n(t,x)dx

n(t =0,x) = n°(x) € L*(Ry; ¢(0,x)dx).
Proof. The Banach-Fixed point theorem in the Banach space X =
c([0,T], L*(Ry; dx)) endowed  with  the norm Inlly =
supyeo,rIn(t, ll1g,) and for a given n® € L'(R,; dx) is used to show
that n(t, x) is a fixed point of a contraction operator. The operator is defined

as follows.
U: X » X
m e n = U(m),

where n is a solution of

0 0
an(t, x) + an(t, x) + (p+d(t,x)n(t,x) =0,

n(t,x =0) = f B(t, x)m(t, x)dx
0
n(t = 0,x) = n°(x).

If m;,m, € X and n; = U(m;),i = 1,2, then the difference n =n, — n,

satisfies

0 0
an(t, x) + an(t, x) + (,u + d(t, x))n(t, x) =0,
n(t,x=0) = f B(t,x)m(t, x)dx
n(t =00, x) =0,

where = m; — m, . It also holds that
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d 0
57 M@0+ —=In(6, )| + (1 + d (&, 0)In(t, 0| = 0,
In(t,x =0)| = J B(t,x)m(t,x)dx
0

In(t =0,x)| = 0.

By the characteristics method,

0,,x=>1t¢
n(t, X) = n(t —x, O)e—féc(y+d)(t—x+y,y)dy’x <t

Since d, B are positive and bounded, then there is a constant M > 0 such that
|B(t, x)e"f;d(t_x+y’y)dy| <M.

Thus,
t t x

In(t, Ill2e,) =] In(t,x)ldx=j In(t — x,0)|e™fo (H+d)E=x+y.)dy g
0 0

:fot

o= o (Wt t-x+y.y)dy g,

fooB(t —x,z)m(t — x,z)dz
0

t
0
Hence,

Inllx = SuptE[O,T]”n(t:-)”Ll(R+) < SuptE[O,T]tM”m(t:-)||L1(R+)
= TM||ml||y.

And itis proventhat U: X — X.Byselecting T sothat M < %, it follows that

1
JU(my) —U(my)|lx < 2 lm; —myllx.
This means that U is a contraction in the Banach space X, which proves the

existence of the fixed point. This process can be iterated on the intervals

[T,2T], [2T, 3T],... to build a solution in C(R+, L*(R,; dx)). Next, the density

55



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

argument is used to complete the proof: Let n® € L*(R,; ¢(0,x)dx),3In} €
L*(R;; dx) such that ng —» n® in L' (R,; ¢(.,x)dx), and 7i; (t, x) be solution

of
(6 . Jd _ ~
— . (t,x) + ank(t, x) + (,u + d(t, x))nk(t, x)=0

ot
i n(t,x=0) = f B(t, x)1, (t,x)dx.
0

—_—

If 1 = n, — n,, then
d ,_ 0 ,. -
%(n(t, x)Pp(t, x)) + F (n(t, x)p(t, x)) = —¢(t,0)B(t, x)7(t, x)

¢(t,0)7(t,0) = ¢(t,0) fooB(t, x)T(t, x)dx
0
And it also holds that

9 9
a(lﬁ(t,x)ldb(t, x)) + a(lﬁ(t, 0Pt x)) = —¢(t,0)B(¢, x)|7(t, x)|

¢ (¢, 0)I7(t, 0)] = ¢(t,0)

J B(t, x)ni(t, x)dx]|.
0
Integrating with x gives

d [ee]

—] (17, 0Bt %) )dx < 0.

dt J,
And finally,

f | — 75| P (¢, x)dx < f |ng — nS|#(0, x)dx.
0 0

Thus, 71 is a Cauchy sequence in a Banach space C(R+, L*(R,; (l)(.,x)dx)). So

71 converges in the space to a solution in the distribution sense.
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Corollary 3.2. With the assumptions on d and B as above, there is a unique
Aper >0 and N, € C(Ry, L*(Ry; (., x)dx)) of the Floquet eigenvalue
problem in Equation 3.2 and its adjoint eigenvalue problem in Equation 3.3.

Proof. If A, =u >0, then N(t,x) € C(Ry,L*(Ry; ¢(.,x)dx)) exists by

Theorem 3.1. It satisfies

9 9
S NG + NG x) + (Aper +d () ) N(Ex) = 0.

Similarly, its adjoint is given by

2 () ~ 2 b(63) + (R + d60)) B0 1) = BL DD 0),
where ¢(t,x) € C(R+,L1(R+; qb(.,x)dx)). Moreover, the operator U is
strictly positive in C(RJ,,L1 (Ry; dx)) and T-periodic as soon as d, B are. It is
also compact since sup {||U(n)||x; [Inllx < 1} is uniformly bounded hence
equicontinuous and compactness follow from the Arzela-Ascoli theorem.
Then by Corollary 1.11 and Corollary 1.14 with A,., = p such that r(u) = 1,
the spectral radius of U and up to renormalization N, ¢ is unique. To end the
proof, u needs to be found such that r(u) = 1. Since r is decreasing function

and vanishes at infinity and
r(0) > inff B(.,x)e"fgcd('_”y’”dy dx > 1.
0

It follows that a unique A, exists such that r(/lpe,) = 1.
Long run asymptotic: exponential decay
In this section, long-run asymptotic exponential decay will be proven.

Theorem 3.3. Under the assumptions for d and B above and an additional

o (tx)

5(L0) it follows that

assumption that Ja > 0 such that B(t,x) = «
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J.w|n(t, x)e Apert
0
— pN(t, x)|q.’>(t, x)dx
<e foolno(x) — pN(0,x)|¢ (0, x)dx,
0

where p = fooo n°%(x)$(0, x)dx.

Proof. By taking h(t, x) = n(t,x)e et — pN(t,x) and using Equations 3.1,
3.2and 3.3

d 0
a(h(t, x)P(t,x)) + o (h(t, )P (t, %)) = —¢(t,0)B(t, x)h(t, x)

¢(t,0)h(t,0) = ¢(t,0) fooB(t, x)h(t, x)dx.
0
By integrating with respect to x, it follows that
iJooh(t, x)¢(t, x)dx = —¢p(t,0) fooB(t, x)h(t,x)dx + h(t,0)¢p(t,0)
dt J, 0

=0.
Then,

Jmh(t, x)p(t,x)dx = jmh(O, x)¢ (0, x)dx
0 0

= foo(no(x) — pN(0,%))¢(0,x)dx
0

0]

_ fwnO(X)(p(O'x)dx_pf N(0,x)¢p(0,x)dx
0

0
= foono(x)d)(o, x)dx —p = 0.
0

And it also holds that,
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0 0
%(Ih(t.x)lcb(t,X)) + a(lh(t,X)kP(t, x)) = —¢(t, 0)B(t, x)|h(t, x)|

&t 0)[h(t, 0)] = B(t, 0) f "B, (e, X)dal.
0

Now integrating with respect to x,

0 (o o)

o Jo [R(&, 019, ) dx = —¢(£,0) [ B(t, 0)|h(t, x)|dx +
|h(t,0)|¢(¢,0)

< —¢(t,0) fooB(t, x)|h(t,x)|dx
0

_.|_

f oo[¢>(t, 0)B(t,x)h(t,x) — ap(t, x)h(t, x)]dx
0
< —$(t,0) j "Bt 0IA(E 0 ldx
0
+ f (66, 0B, ) — ad(t, ) h(e, )] dx
0

< —afooqb(t, x)|h(t, x)|dx.
0

The proof is completed with Gronwall’s inequality.
Long run asymptotic by the entropy method

Now long run asymptotic behaviour is proven by the entropy method.

Theorem 3.4.
1. For all convex function H and all t > 0; it holds that

n(t, x)e Avert

d (o]
EL ¢(t,x)N(t,x)H< NG

)dx =-Dy(n)(t) <0

where
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n(t, x)e Avert
N(t, x) He

®n(t, x)e pert
(], )|

Dy(m)(®) = $(t, 0IN (L, 0) [ f H(
0

2. For the probability measure du,(x) = [B(t,x)N(t,x)/N(t,0)]dx

and for all convex functions H: R, — R, ; it holds that

n(t,x)e Apert ® n(t, x)e teert
fU ( o )dut(x)—HUO e duc(x)>ldt

oo 0
<K J $(0, Y)N(0, x)H ( 1\7 ( g%) dx.
0 )

Proof. Using Equations 3.1 and 3.2,

0 (n(t,x)e eert 4 9 (n(t,x)e eert — o
at\ N(t,x) dx\ N(t x) -

9 [(n(t x)e Heert 0 n(t, x)e Avert
—H( )+ —H( ) =
ot N(t,x) 0x N(t,x)

And finally, it holds that

Hence,

] N(t,x)H n(t, x)e *eert
Eld)(t'x) (t,x) <W)l
] n(t, x)e et
+— lq)(t, X)N(t, x)H <W>l

B n(t, x)e Avert 9
= N(t, X)H W (t X) + (t X)
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n(t,x)e et [ 0 0
+(]’)(t, X)H <W> aN(t, X') + aN(t, X')

d (n(t,x)eMert\ 9 (n(t,x)e et
+ (£, XN(t, x) [aH (W) ox (Tx))l
~Apert
= —B(t,)¢(t, 0N(t, \)H (%)

Integrating with x and using the notation du;(x) = [B(t,x)N(t,x)/
N (t, 0)]dx, which is a probability measure

n(t, x)e Avert
—— | dx
N(t, x)

© g n(t, x)e—/lpert
= — jo & [(I)(t, X)N(t’ x)H <W>l o

n(t, x)e Avert
—— | dx
N(t, x)

n(t, 0)e Aeert
Nt 0) )

d [~ N H
5 fo $(t, N (E, %) (

_ f "B 09 NG, x)H<
0

= ¢(t,0)N(t, O)H<

n(t, x)e Avert

—¢(t, O)N(t,O)f H< N(t,x)
. )

) dpe(x)

©n(t, x)e teert
N(t,x)

® n(t,x)e eert p

= ¢(t,0)N(t,0) lH <f dut(x)>
0
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The last quantity is negative because of Jensen’s inequality. This shows that

n(t,x)e_)“ﬁe’t
N(t,x)

Jy" $e N 0H (

)dx is decaying and so the first inequality is

found. By integrating again in t, the second inequality is obtained.
Theorem 3.5. Under the assumptions for d and B above and n° €

L*(R,, ¢(0,x)dx), it holds that
f [n(t, x)e %t — pN (¢, x)|¢p(t, x)dx >0 as t - oo,
0
where p = fooo n°%(x)$ (0, x)dx.

Proof. By setting h(t,x) = n(t, x)e et — pN(t,x), h satisfies the equation

{%h(t,x) +h(t,x) + (;tpe, +d(t, x)) h(t,x) =0, ¥t > 0,x > 0
h(t,x = 0) = [, B(t,x)h(t, x)dx
(3.4)

It also holds

) a
g(lh(t,x)lw,x)) + a(lh(t,x)lqb(t, x)) = —¢(t,0)B(¢t, x)|h(t, x)|

¢ (¢, 0)|h(t,0)| = ¢(¢,0)

J B(t,x)h(t, x)dx]|.
0
Now integrating with respect to x,

3t ). |h(t, x)|p(t, x) dx

= —¢(t,0) fooB(t, x)|h(t,x)|dx + |h(t,0)|¢(t,0) <O.
0

This yields that fooolh(t, x)|¢(t,x)dx is decaying and it is positive, so it

converges to some value L = 0. It remains to prove that L = 0.
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Now the solutions hy(t,x) = h(t+ k,x) € C(Ry, L*(Ry; (., x)dx)) to
Equation 3.4 are defined. If H is positive convex, then Theorem 3.4 shows that

a quantity I, defined by

h “ h, (t,
I = f U (;g x))>dut(x)—H<f 1;‘((; ff)) dut(x)>ldt
Pl () B At x)
‘fk U H(N(t, >>d“f(") H<f N, )d”t“))l

is bounded. As the integrand is positive and integrable, it can be deduced that

lim I, = 0. Moreover, h;(t, x) satisfies the equation

k—oo

(0 0
7 e (6,2) + = (8,00 + (Ape,+ d(t,x))hk(t,x) =0, Vt=0,x = 0

{ h,(t,x =0) = f B(t, x)h(t,x)dx
0

foohk(t, x)p(t,x)dx = 0.
0

\
Then hy(t,x) € L*(R,; ¢ (., x)dx) is bounded up to a subsequence, h;, — g
weakly. Passing to the limit in the definition of I}, and using the convexity in

weak limits,

“r* (9t x) (7, (et x)
_[,,[)H<N(t,x)>dﬂt(x)dtslgl—@fo L H<N(t,x)>d‘ut(x)dt

:fOOOH<fO fl((t gd,ut(x)>dt

The last equality is valid since Igim I, = 0. But from Jensen’s inequality, the

reverse inequality is also found. Hence,
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* *g(t,x)
f f <N(t )> du,(x)dt =f0 H( o) dm(x)) dt.

This strictly convex equality for H shows that for almost all t > 0 on the

support of u;,

g(t,x)
N(t,x)

The limit in the weak sense gives

= C(¢t).

( d
—g(t x)+—g(t x)+()lpe,+d(t x))g(t x)=0,Vt=0,x=>0

i gt,x =0) = f B(t,x)g(t,x)dx

0
and
2 g(t x) N d g(t,x)
AtN(t,x) OdxN(t,x)

g(t,x)
N(t,x)

Hence = C(t) and as a result

0= foog(t,x)qb(t, x)dx = C(t) fooN(t, x)p(t, x)dx = C(t).
0 0

It can be concluded that L = 0 since L = fooolg(t, x)|p(t, x)dx.

Here, the following Lemma 3.6 (Perthame, 2007, p. 100) was used.

Lemma 3.6. Any function u = g/N satisfies

%(t,r(x)) = %(t,x) VE>0,x =0
0 (g(t,x) 9 (gt,x)\ _
E(N(t, x)) + &(N(t, x)) B
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Discussion and Conclusion

An age-structured model with both death and birth rates depending only
on age (not varying in time) was analyzed for the existence of long-run
behaviour. This model was based on the general relative entropy method in
Perthame (2007).

In this work, an age-structured model with both death and birth rates of
a population that depend on age and time, and that is periodic over time has
been analyzed. Floquet theory was applied to Banach space to prove the
existence and uniqueness of the solution of this age-structured equation. In
addition, the general relative entropy method (Perthame, 2007) has been
used to derive the asymptotic exponential decay of the solution for this
setting.

The exponential rate of convergence guarantees that the solution reaches
the steady-state fast enough to be observed in practice. The exponential
decay rate is known in the case of non-constant coefficients (Gwiazda &
Perthame, 2006). While in our case, the exponential decay holds for a wider
class of data.

The existence and uniqueness of the solution for the Floquet eigenvalue
problem for the periodic operator on Banach space have been proven, so as
long as the models can be written as a partial differential evolution equation.
It is now tempting to apply the Floquet theory on Banach space to more
advanced models such as age-structured models with migration, growth-

fragmentation equations or cell division equations (Mischler & Scher, 2016).
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The aim of this work was twofold. On one hand, the existence and
uniqueness of the solution of the Floquet eigenvalue problem on Banach
space have been proven. On the other hand, the existence and uniqueness of
the solution of the age-structured equation with positive and periodic
coefficients have been proven. Moreover, long-run asymptotic exponential

decay of the solution of the age-structured equation has been derived.
Appendix
Lemma (Gronwall’s inequality). If u € C*([0,T]) satisfying %u(t) <
au(t), for all t € [0,T] where a is constant, then u(t) < u(0)e®.
Definition. If T be an operator on a Banach space, the spectrumof T iso(T) =
{1 € C: (Al —T)™! does not exist}. Thus, the spectral radius of T is r(T) =
sup{|1]: 1 € a(T)}.
Theorem. The spectrum of a bounded linear operator coincides with the
spectrum of its adjoint; that is, a(T) = o(T*). In particular, r(T) = r(T").
Theorem (Perron-Frobenius) (Perthame, 2007, p 160). If A is a positive,
irreducible matrix, d X d; then the spectral radius r(A) of A is a positive
simple eigenvalue of A associated with a positive eigenvector.
Definition. A cone K in a real Banach space (X, ||.||) is a closed set of X if it
satisfies

1. 0ekK

2. x,yEK,thenAx+uy €K,V u=0

3. xEKand—x € K,thenx =0
On a real Banach space (X, ||.||) the order on a cone K is defined by

(x=yex—yeK)and (x >y o x—y € Int(K))
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A cone K is reproducible if Vx € X,3y,z€ K,x =y — z.

Acone Kisnormalif 0 <x <y = ||x|| < ||y |

Adual coneof KisK* ={y € X*,Vx € K,(y,x) = 0}.

Theorem (Krein-Rutman) (Perthame, 2007, p. 175). If (X, ||.||) is a real Banach
space, K © X a reproducible and normal and T linear, compact and strictly
positive (on K) operator. Then the spectral radius r(T) of T is a positive
simple eigenvalue of T associated with a positive eigenvector. In addition, if
Int(K™) is non-empty, then r(T) is also a positive simple eigenvalue of the
adjoint operator T* associated with a positive eigenvector.

Theorem (Banach-Fixed Point). If (X,d) is a complete metric space and
f:X — Xisacontraction; thatis, k € [0,1) exists such that for any x,y € X,
d(f (0, fO)) < kd(x,y).

Then there exists a unique fixed point for f.

Theorem (Arzela-Ascoli). If (X, d) is a compact metric space. A subset F of
C(X) is relatively compact if and only if F is bounded and equicontinuous.
Corollary. If (X, d) is a compact metric space and (f,,) € C(X) is a bounded
sequence and equicontinuous in C(X), then (f;,) has a uniformly convergent
subsequence.
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Abstract

This paper analyzes the knowledge, attitudes, and practices associated with
the management of plastic consumption in Kang Meas District, Kampong
Cham Province. It describes the negative environmental impacts of plastic
consumption and advocates for improved plastic waste management in rural
areas of Cambodia. A cohort of 235 households in Kang Ta Noeng and Roka
Ar communes was selected to participate in this research. A significant
correlation between plastic consumption and indicators such as household
income was found. For instance, the higher the household income, the more
plastic that each household consumed. To reduce plastic consumption, an
adaptation study is required to set an appropriate price for plastic bags that
may be enforced by small businesses. Littering on the road or in other public
places such as rivers or canals was found to be driven by people’s behaviour
and lack of knowledge. Households demand better support to meet national
policies for waste management, collection and disposal. It is recommended
that the management of plastic waste is improved by 1) awareness-raising
about issues linked to plastic consumption to improve the attitudes,
behaviours and practices of local people 2) the designation and provision of
waste disposal sites by local authorities, including community campaigns to
manage plastic waste on a commune or village basis, 3) supporting a policy to
discourage the use of plastic bags nationwide by charging a fee for their use,

71



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

4) providing sufficient budgets for local authorities properly collect and
separate plastic for recycling, and 5) include knowledge about the
management of plastic consumption in the school curriculum to raise
awareness and plastic consumption from an early age.

Keywords: plastic, consumption, behaviours, knowledge, attitudes, waste
management.

Background

Human life is impacted by environmental changes (Younan & Jenkins,
2020). Plastic waste has become a significant concern for humans, yet, it is
vital to support daily activities. Dumping (Joyner & Frew, 2009) plastic trash
into oceans has caused marine pollution at a scale that may never have been
imagined before plastic packaging became widely used. Used plastic bags,
bottles, and other packaging pollute shorelines as a result of disposing of
waste in rivers and the ocean (Scott, 2007). This issue is one of the most
serious environmental problems in Cambodia. In Phnom Penh alone, around
10 million plastic bags are consumed daily. They are used due to their
convenience and low cost by food vendors, grocery stores, and clothing
retailers for wrapping and packaging.

Plastic waste has a significant impact on more than 1,200 species of sea
mammals and fish as it accumulates in their digestive tracts over time (Carey,
2010). Plastic, in the form of user end products, accounts for 60-80% of all
marine litter (plastic bags, bottles, and packaging) (Chou, 2019), with the
remainder linked to industrial raw materials (resin, granules, and pellets). In
2015, it was estimated that globally 55%, of plastic waste was discarded, 25%

was incinerated, and 20% was recycled. The United Nations Development
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Program suggests that "500 billion plastic bags are disposed of and 13 million
tons of plastic is washed into the oceans each year. Every minute one million
plastic bottles are bought, and every year 100,000 marine creatures are killed
by plastic waste. Plastic takes hundreds of years to degrade in the
environment. Up to 90% of bottled water and 83% of tap water were found to
contain plastic particles, with plastics comprising 10% of all human waste.”
(Taylor, 2018).

Plastic consumption is a behavioural issue. Environmentally-friendly
behaviours are a function of social norms, attitudes, and perceived
behavioural control. These behaviours, such as public littering can be further
influenced by a lack of public infrastructure, coupled with the infrequent
collection of waste from low-income households and rural areas where
services are not readily provided (Fang, 2017). Thus, transforming the existing
knowledge, attitudes and practices of people is central to addressing this
problem.

Currently, plastic waste in rural riverine communities is disposed of in pits
or large open spaces, from where it accesses rivers and streams, which are
also used as illegal sites for dumping plastic and other solid waste. Common
alternatives, such as the open burning of plastic waste cause air pollution and
the release of carbon, which is the driver of climate change. Changing public
behaviour to improve public hygiene and sanitation is not straightforward.
Although there are regulations promulgated by the Royal Government of

Cambodia to manage the effective management of plastic waste, law
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enforcement is weak in rural areas, and it is difficult to prevent haphazard
disposal practices (Kumar et al., 2018).

In April 2018, the Ministry of Environment (MoE) introduced a new
system, where people would be charged 10 cents per plastic bag at major
supermarkets in Phnom Penh, such as Aeon, Bayon, and Lucky (UNDP, 2018).
However, local markets, small grocery stores, and restaurants still provide
plastic bags without charge and their consumption has not been significantly
reduced. Plastic that is disposed of in the natural environment causes ongoing
damage. Single-use plastics are easily carried long distances to oceans
(Slavikova, 2018). They block stormwater drains, leading to flooding problems
during the rainy season. Even the proper disposal of plastic wastes in landfills
can take 400 years to completely degrade.

A study conducted across the 24 provinces, including 26 towns under
provincial supervision has identified that Cambodia’s waste collection services
tend to be provided by private companies that operate in central urban areas
only. In some towns, trash is collected from markets and residences (UNCRD,
2017). While reliable data on solid waste generation in urban areas is not
available, it is evident that waste collection and disposal at provincial
dumpsites is variable. Plastic waste generation has been recognized as one of
the most significant environmental issues by a growing world alliance of more
than 1,000 organizations and businesses (Testa, 2020). Thought leaders in 60
countries are working toward a world free of plastic pollution and its toxic

impact on humans, animals, waterways, the ocean, and the environment.
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There is a need for trash to be disposed of properly and for people to reduce
the number of plastic products their use.

In rural areas of Cambodia plastic waste tends to be burnt, buried, or
illegally dumped (Denney, 2016) resulting in negative impacts. Promoting
Individual awareness to think about one's behaviour is key to responding to
this problem. It is important to understand the key determinants of the
knowledge and attitudes of the community to lead these thought processes
(Seng et al., 2018). A particular focus should be the creating awareness among
local communities about the need for reduced plastic consumption and
recycling among children who may share this knowledge of plastic with their
families. This is a most critical issue in the riverine communities of Cambodia.
As such, this research has three main objectives: 1) to examine the current
situation of the plastic consumption in the riverine communities in Cambodia,
2) to assess the knowledge, attitudes, and practices of local people related to
regarding plastic consumption and its negative environmental impacts, and 3)
to advocate for necessary changes to how plastic waste is managed in these
communities.

Cognitive-behavioural therapy for reducing plastic consumption

This research adopts a framework that employs the concept of cognitive-
behavioural therapy (see Figure 1) to analyze the behaviour, awareness and
capacity of local people regarding plastic management (Beck, 2011). This
analysis of the behaviours, knowledge and practices related to how local
people consume, collect, and reduce the use of, and dispose of plastic is

important. It is key to building the capacity of the local people via awareness-
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raising, campaigns, and public advocacy about the problem. Additionally,
community-led interventions in the collection and disposal of plastic bags and
law enforcement may also help improve plastic management behaviours.

Figure 1. Cognitive-behavioural therapy conceptual framework adapted from
Beck (2011)

e—————
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: Social Nom |
[ - BEHAVIOR [ peppep——— -
1 1
1 1
1 1
1 1
1 CONSUMPTICON 1
1 1
1 1
1 1
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1 TRASH 1
1 1
o o o 1 REDUCTION !
1 Training [ -
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| Campaign LAW ¢ 1
1 Weak Law 1
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Research Methodology

The study adopted both exploratory and descriptive approaches to
responding to the research questions. Data was collected using a survey and
participatory field interviews about plastic consumption, waste disposal,
public awareness, and the behaviours of local people related to the
consumption and disposal of plastic waste. The face-to-face interviews
interview questions were prepared in advance. In addition, a case study on

one village was developed, highlighting the efforts made to improve levels of
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participation in more effective waste management practices with a focus on
plastic waste.

Kampong Cham is one of the most populous provinces in Cambodia,
located 40 km to the northeast of the capital city, Phnom Penh. It is situated
at the mouth of the Tonle Sap near the Mekong River, which flows along the
eastern border shared with Tboung Khmum province. Two communes in Kang
Meas District of Kampong Cham were selected for the study, Kang Ta Noeung
and Roka Ar. These communes are located along the bank of the Mekong
River and are seasonally inundated each year during the rainy season. During
these events, solid waste that has been littered on the roadside and low lying
locations in each commune is washed into the river by the floodwaters.

The two communes were purposively selected to provide a comparison of
waste management behaviours. Roka Ar commune is a moderately populated
agricultural area, while Kang Ta Noeng commune is more densely populated
with a local market and commercial activities, which consume a greater
volume of plastic bags and produce more plastic waste. The two communes
are similarly affected by seasonal flooding. The location of the two communes
within Kampong Thom is outlined in Figure 2.

The sample size of the interview cohort was selected using a formula
proposed by Yamane (1967) employed for identifying a statistically significant
cohort. An acceptable sampling error of +/- 9 % was deemed appropriate. In
2017, there were 2,512 households in Kang Ta Noeng Commune and 2,199
Households in Roka Ar Commune (MoP, 2017). Thus 235 households were
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selected to participate in the interviews in the two study communes based on

the formula below:

_ N
n= 1+N+(e)?
n = Sample Size
N=Total number of households

e =Level of precision (9%)

Figure 2. Location map of Kang Ta Noeng commune and Roka Ar commune
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Both qualitative and quantitative data were analysed. The quantitative
data was accessed through household interviews and a questionnaire.
Qualitative data from the key informant interviews and focus group

discussions were also analysed.

Results and Findings

Household plastic consumption in riverine communities
Respondents from each commune frequently go to the market to

purchase goods for daily consumption. The frequency of these visits was not
consistent but dependent on the needs of each household, income levels, and

interests. Approximately 57.0% of respondents visited the market daily,
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11.1% visited the market 3-5 times a week, 14.5% visited the market 1-2 times
a week, 4.7% visited the once every two weeks, 8.1% visited the market
monthly, while 4.7% visited the market less frequently than this. These results
are shown in Figure 2.

Figure 2. Frequency of visits to the market
60.0 57.0

50.0
40.0
X 300
200 14.5
100 i . °3 8.1
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Interviewees were also asked about their purpose for using plastic bags.
Respondents indicated that they are used to carry various items from the
markets including water bottles or other drinks (20.4%), ready-to-eat food
from vendors (15.3%), meat and fish (45.1%), fruit and vegetables (13.2%),
bread or other bakery items (1.7%), clothes and/or shoes (0.4%), and other
goods (3.8%). These results are shown in Figure 3.

In response to the question “Where do you use plastic most frequently?”,
48,9% of respondents indicated the grocery store, 21.7% indicated fish and
meat shops, 15,70% indicated the supermarket, 13.2% indicated vegetable
and fruit shops, while 0.4% indicated that they use plastic most frequently for
garbage disposal. As the study area is not a large urban area, there is an

absence of supermarkets, thus grocery stores have a larger share of retail
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business. In rural communities, people tend to purchase meat and fish from
local markets. Many people grow vegetables and fruits in their house, thus
purchases of vegetables and fruit are less frequent than in urban areas. Water
and drinks are other items commonly purchased from vendors in rural
riverine communities. The results for the question are shown in Figure 4.

Figure 3. The purpose of using plastic bags
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Data about the weekly consumption of plastic bags per household were
also collected. There was not a large difference between the two communes
in the study. Overall, 23.4% of respondents consumed ten, or less than ten
bags per week; 47,2% consumed 11 to 30 plastic bags per week, 17.0 %
consumed 31 to 50 bags per week, and 12.3% consumed more than 50 plastic
bags per week. The average weekly consumption of plastic for all households
was 27.6 bags with a standard deviation of 21.1 bags. Table 1 displays the
disaggregated results for the weekly consumption of plastic bags in Kang Ta
Noeng and Roka Ar communes.
Several variables were tested to determine whether there was a

significant correlation between levels of correlation between plastic bag
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consumption and factors such as age, level of education, number of
household members, and net income.

Figure 4. Sources of plastic consumption
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Household income was found to be the most significant indicator of plastic
bag usage (P-value=0.010). Households with higher incomes were found to
tend to use plastic bags more frequently, while factors such as age, level of
education and number of household members were much less significant.
These results indicate that respondents lacked knowledge of the impacts of
plastic bag usage and consume as many as their income allows. The
correlation between weekly plastic bag consumption and various indicators is
shown in Table 2.

Figure 5 goes into more detail about the correlation between household
income and the number of plastic bags consumed per week. The relationship
is strongest for levels of weekly plastic bag consumption of up to 20 plastic
bags. The majority of people using less than 20 plastic bags were found to

have a meagre household income of less than 1,000 USD per month, whereas
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levels of income were more evenly distributed for higher rates of
consumption.

Table 1. Number of plastic bags consumed per week

Attributes (%) Kang Ta Noeng Roka Ar Overall
0-10 Bags 21.2 25.6 234
11-30 Bags 50.8 43.6 47.2
31-50 bags 16.1 17.9 17.0
51 Bags and above 11.9 12.8 12.3

Table 2. Correlation between weekly plastic consumption and various
indicators

Attributes Pearson Correlation P-value
Age -0.032 0.620
Education -0.005 0.945
Household Members  -0.031 0.639
Household Income 0.167 0.010**

**Correlation is significant at the 0.01 level (2-tailed)
*Correlation is significant at the 0.05 level (2-tailed)
Knowledge regarding plastic consumption

Data about the knowledge of participants regarding plastic consumption
was collected. A weighted average index was used to rate the degree of
knowledge the household had obtained about plastic consumption on a five-
point scale: (1) highly agree; (2) agree, (3) moderately agree; (4) disagree; (5)
strongly disagree. Further, a t-test was also conducted using these five
indicators. The results indicate that there was a moderate level of knowledge
about the bio-degradability of plastic bags in Kang Ta Noeng (0.45) and a low
level of knowledge in Roka Ar (0.37). There was a moderate level of the fact

that single-use plastic bags take between 20 and 450 years to decompose
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(WWEF, 2021) (0.46 for both communes). These results are summarised in
Table 3.

Figure 5. Correlation between household income and weekly plastic bag
consumption
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Table 3 Level of knowledge about plastic bag consumption among

respondents
Indicators Kang Ta Noeng Roka Ar Overall P-value
(n=118) (n=117) (n=235)

WAI OA WAI OA WAI OA
Degradable 0.45 M 037 D 0.41 M 0.000***
Decomposed in 20- 0.46 M 046 M 046 M 0.000***
450 years
Global issue 0.36 D 038 D 0.37 D 0.000***

Burning plastic bags 0.43 M 046 M 0.44 M 0.000***
pollutes the air

Fish poisoning 0.63 A 064 A 0.63 A 0.000***
Burning in publicarea  0.68 A 078 A 0.73 A 0.000***
Policy to charge 20 0.74 A 070 A 0.72 A 0.000***

cents per plastic bag
Notes: WAI = Weight Average Index measured on a five-point scale [Strongly disagree
(SD) = 0.00-0.20, Disagree (D) = 0.21-0.40, Moderate (M) = 0.41-0.60, Agree (A) =
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0.61-0.80, Strongly Agree (SA) = 0.81-1.00]; OA= Overall Assessment; *Significance at
the 0.05 level; **Significance at the 0.01 level.

Households in Kang Ta Noeng and Roka Ar were found to have poor
levels of knowledge about the adverse environmental impacts of plastic
bad consumption and plastic waste. For instance, it was known that
plastic waste may cause fish poisoning, which may eventually impact
humans. They also believed that because of this knowledge, it is
necessary to improve the current situation and leave a clean
environment for the next generation. Thus, a policy of charging 20 cents
for each plastic bag taken from a shop was generally agreed with.
However, out of 235 respondents, only 89 had sufficient knowledge of plastic
management to be driven to make further changes to their behaviour. Up to
146 research participants have insufficient levels of knowledge to influence
them to change.

Table 4. Comparison of sufficient knowledge and previous awareness raising

Attributes Have you ever received any form of awareness- 2 -
raising regarding plastic management? X P-value
Yes No Overall
Do you have sufficient  ygg 25 64 89 21.480  0.000***
knowledge of plastic
waste management? No 9 137 146
Overall 34 201 235

***P-value=0.000 is perfectly significant between awareness-raising and knowledge
of plastic even though the respondents were not known enough.

To further analyse this result, three tables were created and analyzed to
compare the cohort with sufficient knowledge and the cohort without
sufficient knowledge. Each cohort was asked to answer questions about

whether they 1) had engaged in previous awareness-raising training activities
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2) would accept if a seller did not provide them with a plastic bag 3) would be
willing to pay for a plastic bag when making a purchase. The responses to
these questions from the different groups are analyzed below.

In response to the first question, have you ever engaged in previous
awareness-raising training activities? Of the 89 respondents who had
sufficient knowledge of plastic waste management, only 25 indicated that had
previously engaged in awareness-raising training activities. Meanwhile,
among the cohort of 146 who had insufficient knowledge of plastic waste
management, only 9 of them had engaged in these activities. The chi-square
value of 21.48 and the asymptotic significance value of 0.000 are summarised
in Table 4 above. These results indicate that accessing awareness-raising
training is significant in improving knowledge. Thus, to reduce plastic
consumption and to improve attitudes to the disposal of plastic waste, it is
recommended that these activities are provided to households at regular
intervals until there is a sustainable improvement.

In response to the second question Would you be accepting if a seller did
not provide a plastic bag? Of the 89 respondents who had sufficient
knowledge of plastic waste management, 38 would not be accepting if a seller
did not provide a plastic bag to them. For the cohort of 146 respondents, who
did not have sufficient knowledge of plastic waste management, 94 would not
be accepting of this practice. Table 5 demonstrates that the chi-square value
calculated was 10.563, with an asymptotic significance of 0.000. This suggests
that having sufficient knowledge of plastic waste management is essential for

reducing the demand for plastic consumption.
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Table 5. Comparison between sufficient knowledge and acceptance of not
giving the plastic bag

Attributes When you buy something, If the seller does not 2 -
give you a plastic bag, do you accept this? X P Value
Yes No Overall
Do you have sufficient Yes 51 38 89 10.563 0.000***
knowledge of plastic ’
consumption? No 52 94 146

Overall 103 132 235
***P_value=0.000 is perfectly significant.

In response to the question Would you be willing to pay for a plastic bag
when buying something? Of the 89 respondents who had sufficient
knowledge of plastic waste management, 43 would be willing to pay for
plastic bags when buying something. This was higher than 26 respondents
from the cohort of 146 respondents who did not have sufficient knowledge of
plastic waste management.

Table 6. Comparison of sufficient knowledge on plastic consumption and
willingness to pay for plastic bag

Attributes (%) Are you willing to pay for pI.astic bags when XZ P-value
you buy something?

Yes No  Overall

Do you have sufficient Yes 43 46 89 24.810 0.000***
knowledge to manage plastic
bags? No 26 120 146

Overall 69 166 235
***P-value=0.000 is perfectly significant.

Table 6 demonstrates a calculated chi-square value for this test of 24.810
and an asymptotic significance of 0.000. This comparison demonstrated that
knowledge of plastic waste management did not have a significant impact on
whether a respondent would be willing to pay for a plastic bag. This indicates

that willingness to make these payments is dependent on the attitude, rather
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than the knowledge of respondents. Many of the respondents with
knowledge of plastic waste management still refused to pay the fee.

A further analysis was conducted to assess the correlation between the
price paid for plastic bags and the maximum price desired. Some respondents
had experience paying between 100 riels (2.5 cents) and 500 riels (12.5cents)
for one plastic bag. These respondents indicated that they were willing to pay
the maximum price for one plastic bag. These prices are shown in Table 7.

Table 7: Maximum price willing to pay for a plastic

Attribute (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)
Nothing 314 29.1 30.2
100-500 (12.5 Cents-) 67.8 66.7 67.2
600-1000 (25 Cents) 0.0 2.6 1.3
1100-above 0.8 1.7 1.3

The pricing of plastic bags should be selected carefully. If the price is too
low, it will be easily afforded and will be unlikely to reduce the consumption
of plastic bags. This will lead to the fee eventually becoming ineffective. To
effectively reduce plastic consumption, there is a need for a study on a
realistic adaptive pricing strategy for plastic bags to enable feasible law

enforcement for all sellers in small businesses in the future.

Attitude towards plastic waste management
In response to the question, Why do you use plastic bags? 40.4% of

respondents indicated that they did because everybody does; 33.6% of
respondents suggested it was because they were light and durable; 17.4%

suggested that there were no other materials to replace plastic bags, 5.1%
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said that they did not know; while 3.4% responded that plastic bags were
cheaper than alternative materials. These results are summarised in Figure 6.

Figure 6. Reason for using plastic
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The above results suggest that plastic bags are popular and have the
advantage of being lightweight and strong. There are no readily available
materials for replacing plastic bags at a comparable price, which makes it
difficult to replace them. This makes it harder to change plastic consumption
behaviours. The attitudes and behaviours of those who littered with plastic
after use were then analyzed. Of this cohort, 47.2% did not believe that this
behaviour mattered; 34.9% thought that someone in the community would
eventually collect plastic waste; 13.6% expected somebody else would collect
it, and 1.3% believed that the waste would biodegrade naturally. A further 3%
did not understand the question.

Others suggested that plastic waste was rarely seen after seasonal flood
events. This is a serious environmental issue as plastic bags dispose of near

the Mekong River are often washed down the river towards the ocean during
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the wet season. Table 8 presents a summary of the attitudes held towards
littering with plastic in the study area.

Table 8. Attitudes towards littering with plastic waste

Attributes (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)

Disappear natural 0.0 2.6 13

Somebody will collect 17.0 10.3 13.6

Community will collect 37.3 32,5 34.9

No mater 45.8 48.7 47.2

| don't know 0.0 6.0 3.0

Table 9. Feeling of regret when littering with plastic bags

Attributes (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)

| feel very sorry as | did a 56.8 59.0 57.9

terrible thing

| feel a little sorry, but | have 31.4 31.6 31.5

no other solution

It is my habit to throw 10.2 6.8 8.5

outside

| feel I did the right thing 1.7 0.0 0.9

Cleaning is a government 0.0 2.6 13

responsibility

Even though many people litter with plastic waste in public places, many
indicate that they do not feel they have done the right thing. After throwing
out used plastic in a public place, 57.9% suggested that they had done a
terrible thing; 31.5% suggested that they felt a little sorry as there was no
other solution; 8.5 % suggested that this was a usual or regular habit; 1.3%

suggested that this was a job for the government or community to control;
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while 0.9% mentioned that they felt no sorrow. Table 9 summarises these
results.

Most people (89.4%) who littered public places with plastic waste felt
sorry in their minds but continued with this behaviour as no collection service
was available. Thus, if these behaviours are to change, it is necessary to
provide proper waste collection and disposal systems, with community

involvement, initiated by representatives at the commune and village level.
Practices following plastic consumption

Practices after plastic consumption depend on the respondent and their
environment. Overall, 47.2% of respondents indicated that they throw plastic
waste into a river or stream; 34.9% bring used plastic waste home to home to
reuse or dispose of using a waste collection service; only 13.6% use a public
garbage bin; while 1.3% throw away public waste immediately after it has
been used. Along the Mekong River, many respondents find it easy to throw
plastic bags into the river or stream as it is washed away during the rainy
season. This practice is readily observed in the study area, with large
guantities of plastic bags thrown into canals and under bridges. These results
are summarised in Table 10.

As there is no garbage collection system in either commune, participants
were asked how they manage plastic waste. Overall, 48.5% of respondents
indicated that they burn their plastic bags and other waste in their house or
open public space; 6.0% dump garbage on low-lying land or roadsides near
their house; 13.2% of them throw the garbage into the nearby waterways or

rivers; 3.4% bring their garbage to the public collection point, while a further
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28.9% did not provide a specific answer to this question. These results are
summarised in Figure 7.

Table 10. Disposal practices after using single-use plastics
Indicator (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)

Throw immediately on the
road or open space

Throw in the public dustbin 12.7 14.5 13.6
Bring back to my house and

0.9 1.7 1.3

38.1 31.6 349
reuse or throw away
Throw into the river/lake 46.6 47.9 47.2
Others, specify 1.7 4.3 3.0

Figure 7. Disposal practices after plastic consumption
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Management of plastic consumption

Many respondents expressed concern about future environmental
problems if the current situation of disposing of plastic waste is continued
without any government intervention. Overall, 62.1 % of respondents thought
the community would become increasingly unclean; 16.2% worried about

health problems associated with burning plastic; 12.8% were concerned
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about the river becoming more polluted; 5.1% were primarily concerned
about soil contamination; while 3.8% had a different response. These results
are summarised in Figure 8.

Figure 8. Future problems without improved plastic waste management
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In response to the question What is the most urgent need for improving
waste management, 55.3% of respondents suggested regular collection of
waste was required; 25.5% suggested that community waste disposal sites
were necessary; 9.4% referred to the need for proper education and training
provided by the government; 7.2% suggested that the community needs to
be active in initiating community movement to clean the environment; 0.9%
suggested that new policies were required from the RgoC; while 1.7%
provided a different response. These results are summarised in Table 11.

In response to the question If a recycling program was set up, would you
be willing to separate your plastic waste into separate bags for collection
purposes? 86.8% of respondents agreed to participate in the separation
collection program; 10.2 % suggested that they were unsure, as they did not

know precisely what the program would involve; while 3.4% suggested they
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would not agree to participate in the program. Most people would welcome
RGoC policy and campaigns for the improvement of the current waste
management system within the local government. Table 12 summarises these
results.

Table 11. Most urgent need for improving waste management in the
commune.

Attributes (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)
Regular collection of waste 54.2 56.4 55.3
Public dumping site 29.7 21.4 25.5
Education and training 6.8 12.0 9.4
Community campaign 6.8 7.7 7.2
Government Policy 0.0 1.7 0.9
Other 2.5 0.9 1.7

Table 12. Intended participation in a recycling program

Attributes (%) Kang Ta Noeng Roka Ar Overall
(n=118) (n=117) (n=235)
Yes, | will do 86.4 87.2 86.8
No, | don't want to do 3.4 4.3 3.8
Not sure 10.2 8.6 9.4

Respondents indicated that they would be willing to participate in a
program that separated plastic waste for recycling. If adequately recycled,
plastic bags can be repurposed to produce composite lumber as a base
material for decks, benches, and playgrounds. Plastic bags can also be
reprocessed into small pellets, which can be made into new plastic bags,
containers, crates, and pipes. Recycling may help to conserve natural

resources, keep roads, streets, streams, and rivers clean, and protect wildlife
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by properly separating and collecting plastic bags instead of burning or
burying them in a landfill.

Interviews with the two commune chiefs revealed that plastic bags were
commonly used by shops and food stalls. They mentioned they often
communicated with villagers advising them not to throw plastic bags in public
places but it was difficult to prevent this behaviour as the commune was too
large to manage. They also suggested that they had not considered using
information about the knowledge, attitudes, and behaviours of villagers to
plan their activities in the past.

Beyond the household interviews, two focus group discussions were also
conducted to further clarify the situation regarding plastic bag consumption
and waste management. Three men and three women from each commune
were selected for the group discussion. In Kang Ta Noeng, households had
advised every shop in the commune that they expected them to provide
plastic bags free of charge when they made purchases. This advice was
consistent with habits and existing practices for both sellers and customers.
Nobody is required to bring shopping bags to the market. After using plastic
bags, the participants advised that they did not have a pre-determined place
in which to dispose of the plastic bags. Thus, households tend to throw them
in open public spaces or on the Mekong River.

The commune officer mentioned that he often advised people not to
dispose of plastic bags in public places, yet the households suggested that
they had little choice to do this, beyond burning them or throwing them into

the river. In Roka Ar, householders mentioned that people commune throw
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plastic bags into public spaces or burn garbage without thought. Most used a
strategy of collecting plastic waste and throwing it into the river. There is a
branch of the Mekong River in the centre of the commune, which is deep.
Households tend to use this branch as a disposal place. A local NGO was also
consulted about institutional activities used to reduce plastic bag
consumption. During this discussion, it was suggested that the current
situation may be improved by classifying types of recyclable waste into three
groups, then transferring the national budget to allocate local authorities to
manage waste in the commune. Training may be provided on plastic waste
management, funded by charging an additional cost for using plastic bags in

the marketplace.
Discussion

The results presented in the previous section are of practical importance
in understanding the attitudes and behaviour of respondents from two
riverine communities in Cambodia towards plastic consumption and plastic
waste management. This has been used to answer the following research
questions.

What is the current situation regarding plastic consumption and plastic waste
management in rural riverine communities in Cambodia?
People living in the two communes go to the market frequently to access

goods for their daily consumption. As the study area is not an urban area,
there are no supermarkets. Thus small grocery stores supply the majority of
the retail products in the two communes. The overall average weekly
consumption of plastic bags per household in the two communes is 27.6 bags,

with a standard deviation of 21.1. There was no remarkable difference in
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plastic consumption between each commune. Household income was found
to be the most significant indicator of plastic bag consumption, whereas other
factors such as age, education, and the number of household members had
less influence on the consumption rate. Villagers tend to consume more
plastic if they have the financial resources to do so. These indicate a lack of
knowledge among villagers and a need for training activities that raise
awareness of plastic waste management, community-led efforts, and
enhanced law enforcement to reduce plastic bag consumption.

To what extent are local people be aware of the significance of plastic
management in riverine communities?
Plastic bags and other waste are regularly burned by households, with no

law enforcement implemented to discourage such actions. Only 89 out of 235
respondents, were found to have sufficient knowledge about the need for
plastic waste management. When there is low awareness of the impacts of
poor plastic waste management, it is difficult to improve the situation. The
research found that awareness-raising activities targeted at local people
would provide sufficient knowledge on plastic waste management to reduce
the consumption of plastic bags and improve the attitudes towards the
disposal of plastic waste. These activities would be required to be provided at
regular intervals to be sustainable. It was found that when households
disposed of plastic waste in public spaces, 89.4% of respondents felt sorry in
their minds, but continued to do so as there was no alternative garbage
collection service. Overall, 46.6% of households in the rural riverine
communities studied admitted to throwing single-use plastic waste into rivers
or lakes, while 48.50% of respondents burned plastic waste at home.
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What role does the RGoC play a role in promoting plastic waste management?
Overall 62.1% of households surveyed indicated that they were concerned

that their communities might become more unclean in the future if there is
no improvement in the collection and disposal of plastic and other solid
waste. However, several constraints prevented this from occurring. These
factors were closely examined to inform the research about possible
interventions that may be utilised in this context. As the study was conducted
in riverine communities, villagers tended to throw plastic waste into the rivers
or streams as this waste would be washed away during the rainy season.

Householders indicated that an appropriate alternative would be for local
authorities to provide public dumping sites near the village to improve plastic
waste management. This was described as an urgent need that would enable
waste to be collected more regularly in a convenient location. Moreover,
86.4% of householders indicated that they would be willing to participate in a
trial program designed to separate plastic waste for recycling. Recycling is a
strategy that may help to conserve natural resources, keeping roads, streams,
and rivers clean. Thus, it is recommended that the RGoC trial this type of
program.

It was found that plastic bags are popular because they are lightweight,
strong and easy to carry. Currently, it is perceived that there are no alternative
materials capable of replacing these resources. Thus, an effective way to
mitigate their negative impacts is to reduce their consumption. Currently,
only people who shop in supermarkets in larger urban areas pay for plastic
bags. The RGoC should expand this policy nationally to include smaller

retailers to trigger a more effective reduction in plastic bag consumption. The
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strategy used to implement this policy needs to be carefully considered as the

effect of paying more for plastic bags is known the diminish over time

(Haoran, 2010). Policies on charging fees for plastic bag consumption need to

be coupled with long term efforts to enforce laws regarding plastic waste

disposal to be effective.

Policy implications for promoting plastic waste management in Cambodia

The following recommendations are presented to the RGoC ad other

supporting institutions to effectively reduce plastic consumption and improve

plastic waste management practices in rural riverine communities in

Cambodia.

The Ministry of Environment should conduct research into the
effectiveness of the current practices of charging for plastic bags in
supermarket chains to guide the further expansion of this initiative to
other small business activities to enhance the reduction of plastic bag
consumption nationwide. Additionally, the Ministry should plan and
provide awareness-raising training on plastic consumption and plastic
waste management for rural riverine communities.

The Ministry of Interior should develop a policy on plastic waste
management and waste collection services that enables local authorities
to effectively implement waste management systems at the commune
level and seek to arrange access to necessary budgets to establish and
operate these services.

The Ministry of Education, Youth and Sports should include reducing

plastic consumption, separation of plastic waste, and behaviours and
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practices related to effective plastic waste management in the school
curriculum for elementary and secondary schools to raise awareness from
an early age.

e Provincial Governments should provide a practical training program for
community-based plastic waste management.

e Local (Commune) Authorities should prepare a guide on reducing plastic
consumption and plastic waste management via public dumping sites
located close to villages. Awareness-raising activities among local villagers
should be conducted to reduce plastic consumption and change plastic
waste management practices.

e NGOs should provide awareness-raising activities focused on the
reduction of plastic consumption and plastic waste management. At the
same time, NGOs should help to facilitate and support communities to
conduct campaigns to clean plastic waste from areas along rivers.

The effectiveness of the current policies that charge fees for the use of
plastic bags in supermarket chains should be reviewed and assessed for their
efficacy in reducing plastic consumption. The price of various sizes of plastic
bags should be considered carefully to avoid excessive consumption of plastic
bags when customers purchase goods. If the fee is too low, it will not be
effective in reducing consumption. Thus, it is necessary to conduct more
detailed research to provide a logical framework by which the RGoC may
implement effective policies to further reduce plastic consumption in the

future.
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Conclusion

The research analyzed the knowledge, attitudes, and behaviours of people
in the riverine communes in Cambodia related to plastic consumption and
plastic waste management. Plastic waste in rural communities tends to be
found illegally dumped in pits, rivers, and large open public spaces areas. A
field survey found that burning plastic waste is a common practice in riverine
communities, even though people knew it pollutes the air causing climate and
human health impacts. But the evolution of behaviour is not easy, although
there are regulations and laws in force by the RGoC.

A sample of 235 households from two communes in Kang Meas District in
Kampong Cham was selected to participate in interviews to collect primary
data. It was found that respondents used plastic to carry various items from
the markets in each commune. The average weekly consumption of plastic
bags was found to be 27.6, with a standard deviation of 21.1. Most
respondents (40.4%) indicated that they used plastic bags because everybody
else does. Moreover, 33.6 % said they were used because they were light and
durable. After disposing of plastic waste in a public place, 57.9% of
respondents felt that they had done something terrible, while 31.5% felt a
little sorrow as there were no viable alternatives. When disposing of plastic
waste, 47.3% of respondents admitted throwing it into rivers or lakes, while
34.9% brought the waste home to later dispose of or reuse it. There was no
existing waste management system in either commune.

Regarding the management of plastic waste, 48.5% of respondents

indicated that they either burn it at their house or in open public spaces, while
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13.2% of respondents throw plastic waste into the nearby canals or rivers. A
greater number of households throw plastic waste into rivers in Roka Ar
Commune than in Kang Ta Noeng Commune. Overall 6.0% of respondents
reported that they dump plastic waste on low lying land near their houses.
Only 3.4% of respondents bring plastic waste to public collection points.

Most respondents expressed concern about future environmental
problems if the current waste management situation continues without any
government intervention. Many (55.3%) suggested the more regular
collection of waste; 25.5% suggested that public dumping sites need to be
provided close to the village; while 9.4% suggested a need for public
education and training. The research activities found that people will continue
to use plastic, and then burn it or dispose of waste in the river or low lying
areas if no alternative waste management system is provided.

People tended to pay less than 500 riels (12.5 cents) for one plastic bag
and considered this to be the maximum price they would be willing to pay.
This price needs to be set carefully. If it is too low, it will be ineffective in
reducing plastic bag consumption. Respondents indicated that they would be
willing to participate in a program to separate plastic waste for recycling.
Recycling may help to conserve natural resources and protect wildlife by
properly reducing consumption, separating and collecting plastic waste
instead of burning or burying it in the dumping site in the village.

The consumption of plastic bags will not be reduced if current knowledge,
attitudes and practices of people in rural riverine communities are not

responded to. Thus, the RGoC should expand the policy of charging a fee for
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the use of plastic bags to include small retailers in rural communities

nationwide. To support the RGoC’s decision making, a further study assessing

the effectiveness of the current policy of charging a price on plastic bags
should be conducted in future research.
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Abstract

Around 76% of Cambodian people live in either rural or remote areas
and are largely dependent on rain-fed agricultural production for
subsistence livelihoods. In recent years, the agricultural sector has been
negatively impacted by climate change. This study assesses climate
vulnerability as experienced by rice farmers, assesses adaptation
practices, and considers how farmers are involved in climate change
adaptation in Takeo Province, Cambodia. It was found that: (1) climate
vulnerability experienced by rice farmers in the study area ranged from
medium to high (sensitivity 0.78, exposure 0.58, and adaptive capacity
0.42). Rice farmers have become highly sensitized and moderately
exposed to climate change. The majority of the rice farmers perceived
that they had become vulnerable to climate change. For instance,
farmers had observed changes in water levels and irregular rainfall,
affecting irrigation systems. Moreover, the adaptive capacity of rice
farmers remained low. (2) Climate change adaptation practices of rice
farmers were limited to three methods of rice cultivation, including
broadcast sowing of rice seedlings, planting rice seedlings, and
constructing wetlands. Additionally, the rice farmers still deployed
traditional cultivation methods; while changing the timing of crop
cycles due to changing rainfall patterns. (3) Four key contributors to
encouraging rice farmers to participate in climate change adaptation
activities include: improving knowledge; gaining new skills, receiving

106



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

invitation letters to attend activities; and being a member of a
community. In addition, rice farmers accessed opportunities to
exchange knowledge with other communities and have received
support from NGOs and the Royal Government of Cambodia.

Keywords: climate vulnerability, climate change adaptation, agriculture
dependency, livelihoods

Introduction
Climate change has been acknowledged as a global issue of concern that

requires joint national and international action. Cambodia is among the
countries expected to be severely impacted by extreme weather, ranking as
the 12t most vulnerable country globally between 1998 and 2018 (Eckstein
et al., 2019), and the 19" most vulnerable between 1998 and 2017 (USAID,
2019). Climate change has become an increasingly concerning issue,
especially concerning agricultural production (NCCC, 2013). At the same time,
agriculture has contributed significantly to Cambodia’s economic growth, job
creation, poverty eradication, and food security for both rural and urban
populations (Thomas et al.,, 2013). Cambodia has already experienced
significant impacts from climate change, such as floods, droughts, typhoons
and windstorms. Between 1996 and 2019, flooding caused 1,150 deaths,
while lightning resulted in 1,031 deaths. Additionally, storms damaged 38,190
houses, while floods damaged 33,705 houses (NCDM, 2019).

Cambodia’s high level of vulnerability to natural disasters is characterized
by the frequency and intensity of extreme climatic events, and also increased
climatic variability (Sour et al.,, 2014). Temperatures in Cambodia are

expected to rise by between 0.5 C and 1.5 C by 2050 and by 3.1°C by 2090
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(World Bank, 2021). Annual precipitation is expected to increase to around
1,400mm and 4,000mm in central low land and coastal zone regions,
respectively (Heng & Pich, 2009). Increasing temperatures and precipitation
are expected to reduce rainfall in the dry season, resulting in longer dry spells
in the wet season, and an increase in the frequency of floods and droughts
(Chem & Kim, 2013). For instance, a study on household vulnerability to
climate change in Kampong Spue Province found that households experience
stumpy exposure to climate impacts, moderate sensitivity, and low adaptive
capacity. The study suggested that over half of the sampled population
experienced average to very high vulnerability to climate change (Nyda et al.,
2016).

In 2019, around 76% of the 16.5 million people living in Cambodia resided
in rural areas and were largely dependent on agriculture activities for their
livelihoods (World Bank, 2021). While the contribution of the agriculture
sector to the Gross Domestic Product (GDP) reduced from 30.7% to 23.5%
between 2014 and 2018 due to the growth of the manufacturing,
construction, and services sectors, it is still significant (MoP, 2019). For
instance, 53.4% of the national workforce is engaged in agricultural, forestry,
and fishing activities (MoP, 2020). In 2016, rice cultivation alone occupied
3.11 million ha of land, with a total production of 9.95 million tons. Subsidiary
crops such as vegetables, cassava, and maize occupied were cultivated on
93,200 ha of land producing 16 million tons; while other commodities such as
soybean, peanuts, sesame, and sugar cane, were cultivated on 101,530 ha,

producing 0.86 million tons (MAFF, 2017).

108



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

In contrast to this contribution, climate change has profoundly impacted
Cambodia, especially the rice sector. For instance, between 1996 and 2019,
drought had damaged more than one million hectares of rice production,
whilst floods destroyed over two million hectares (NCDM, 2019). In 2012,
drought impacted 11 out of 24 provinces, affecting 14,190 ha of rice paddies
and destroying 3,151 ha of land (NCDM, 2014). Recently, flooding severely
affected 10 provinces comprising 238 communes across 62 districts.
Consequently, 93,319 households, were impacted with 11,579 being
displaced. Approximately 51,824 ha of agricultural land was impacted (PCDM,
2019). Roughly 75% of Cambodian households owned less than 1 ha of
agricultural land, with a further 17% owning between 1 and 3 ha (MoP, 2020).
This exacerbates the level of climate risks experienced.

Increasingly frequent natural disasters and irregular results in damage to
agricultural production, particularly rice cultivation disproportionally impact
the vulnerable rural poor. This is particularly the case for rice farmers who
have preserved traditional rain-fed methods that are dependent on climate-
sensitive water resources. These farmers have limited livelihood diversity and
poor access to assets to cope with disasters is remarkably poor (Bandeth et
al., 2011). To respond effectively to extreme climatic events, it is important to
understand their impact on vulnerable rural poor communities and their
adaptive capacity. Enhancing adaptation practices required engaged
participation from rural people, especially rice farmers, who have a high

interest in responding to the serious impacts of change (UNDP, 2013).
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Yet, the rural poor communities in Cambodia have limited adaptive
capacity and until now, have lacked information and resources to support
adaptation practices (UNDP, 2013). A low resilience to climate change impacts
because of a shortage of financial resources (Phirun et al., 2014) and a lack of
full participation from the community members (Sok et al., 2015). This
exacerbates the situation for those in the country that are most vulnerable to
these impacts (Phirun, 2013). Consequently, initiatives such as the Strategic
Program for Climate Resilience led by the National Council for Sustainable
Development have recommended increased local participation in the design
and implementation of adaptation programs to better mobilize support for
long-term community adaptation projects (MoE, 2013). With the context in
mind, this research aims to 1) assess the vulnerability of rice farmers to
climate change, 2) examine existing adaptation practices, and 3) identify key
contributing factors that encourage farmers to become involved in climate
change adaptation activities in Takeo Province, Cambodia.

Vulnerability and adaptation: a conceptual framework

Cambodia has encountered a high incidence of natural disasters including
floods and drought, due to the negative impacts of climate changes in terms
of both exposure and vulnerability. The country is considered to be one of the
most disaster-prone counties in Southeast Asia (World Bank, 2021) and is
highly vulnerable to these impacts due to a dependency on climate-sensitive
sectors such as agriculture, water resources, forestry, fisheries, and tourism
(IPCC, 2014). Climate change impacts manifest as a consistent trend of rising

temperatures and more frequent and intense extreme weather events such
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as cyclones, floods, hailstorms, and droughts (ADB, 2009). Efforts to adapt to
these impacts have required comprehensive actions to reduce climate
vulnerability.

The Intergovernmental Panel on Climate Change defines climate
vulnerability as a function of the character, magnitude, and rate of climate
variation to which a system is exposed and sensitized beyond its adaptive
capacity. Vulnerability comprises three components - exposure, sensitivity,
and adaptive capacity (IPCC, 2014). Exposure refers to the nature and degree
to which a system experiences significant climatic variation such as droughts,
floods, delayed rainfall, flash storms, and temperature surges. Sensitivity
refers to the degree to which a system is adversely or beneficially affected by
climate-related stimuli. For instance, Cambodian rice farmers may be
considered highly sensitive to climate change impacts. Adaptive capacity
refers to the ability of a system to adjust to climate change impacts to
moderate any potential damage, take advantage of the opportunities it
offers, and cope with its consequences (Mackay, 2008).

The concept of adaptation has been widely used in the context of climate
change (Bryan et al., 2009) since it was introduced in the early 1990s. At this
time, the concept was focused on humans responding to environmental
variability (Adger & Vincent, 2005). Adaptation is defined in many different
ways in the literature; however, the IPCC refers to “the process of adjustment
to actual or expected climate and its effects. In human systems, adaptation

seeks to moderate or avoid harm or exploit beneficial opportunities. In some
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natural systems, human intervention may facilitate adjustment to the
expected climate and its effects (IPCC, 2014, p. 1758).

Figure 1. Conceptual framework
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In the context of climate change, various methods can build the adaptive
capacity to the serious impacts of climate change. Human livelihood systems,
economic and natural resources, social networks, institutions, governance,
and technology are the critical tools that may be used to support this capacity
(Adger et al., 2007). Foster climate change adaptation practices, required the
participation of the local people to be taken into account. For instance,
Samaddar et al. (2020) highlighted tangible improvements in livelihood
security resulting from engaged participation that enhances the skills of local
people to operate effectively without acquiring external resources.
Participation is an integral part of climate change adaptation initiatives, which

are a relatively new agenda for many Cambodian people. This presents a
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challenge for practitioners who are required to motivate local people to
engage in meaningful, constructive, and sustainable activities and

interactions to bring about positive changes (CCCA, 2014).
Study Area and Research Methods

This research applied both exploratory and descriptive methodologies. An
exploratory methodology has been used to ascertain the degree of climate
change vulnerability experienced by those dependent on agricultural
livelihoods in Takeo province. A descriptive approach was used to elaborate
on adaptation practices that motivate the participation of the farmers in
responding to climate vulnerability. As outlined in the conceptual framework,
the study analyzes the degree of sensitivity, exposure, and adaptive capacity
concerning climate vulnerability in a specific study area. The indicators of each
of these attributes are listed in Table 1.

Both qualitative and quantitative approaches were applied to collect data
via a structured questionnaire and semi-structured interview. Before
conducting the fieldwork, a desk review was performed by gathering
secondary sources and conducting a scoping visit to better understand the
situation in the proposed study area. Qualitative analysis was applied to the
key informant interviews held with influential stakeholders — including local
authorities and NGO staff. The aim was to deepen the understanding of
climate change impacts in the study area, the adaptation practices that have
been applied, and how farmers have been involved in these practices.
Quantitative analysis was used to present data on climate change

vulnerability, adaptation practices, and key factors that encourage the farmer
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participation obtained via the household interviews. This analysis took into
account the livelihood and socio-economic status of farmers.

Table 1. Vulnerability indicators in this study

Exposure indicators Measurement
Degree to which rice farmers experienced (1) Social scale:
increasing temperatures; (2) decreasing water 1=Very low; 2=Low;
levels; (3) more frequent flooding; (4) more 3=Moderate; 4=High;
frequent drought; (5) more frequent flash storms; 5=Very high

and (6) irregular rainfall.

Sensitivity Indicators Measurement
Degree to which rice farmers experienced (1) Social scale:

impacts from a flash storm; (2) impacts from 1=Very low; 2=Low;
lightening leading to death; (3) impacts on rice 3=Moderate; 4=High;
paddies; (4) decreasing rice yields; (5) damage to 5=Very high
equipment; (6) increased fertilizer use; (7)

increasing insecticide use; (8) water scarcity; (9) a

lack irrigation infrastructure; and (10) increased

migration.

Adaptive capacity indicators Measurement

The degree to which rice farmers (1) received Social scale:

climatic information; (2) changed crop cycles; (3) 1=Very low; 2=Low;
changed cultivation area; (4) accessed irrigation 3=Moderate; 4=High;
systems; (5) accessed credit; (6) received 5=Very high
government or NGO support; (7) changed the

location of cultivation; (8) established onsite water

storages; and (9) constructing a safe place from

flooding.

In 2020, Takeo province comprised 208,698 households and a population
of 893,582 people (68% female), around 70% of whom lived in rural areas
(MoP, 2020). In 2017, a total of 102,226 ha of land was cultivated, with 1,790

ha damaged (MoAFF, 2018). This province is classified as having medium
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susceptibility to droughts and high susceptibility to flooding (World Bank,
2017). Osaray Commune in Tramkak District was selected as the study area.

Figure 2. Study location
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The commune comprised 12 villages with 3,293 households and a
population of 13,549 people (MoP, 2020). Over half of this population (6,443
people) are dependent on agriculture for their livelihood and food security,
with 5,993 people engaging in rice farming as a primary occupation. In 2014,
Osaray Commune had a total of 2,886 ha of rice paddies under cultivation

producing a total yield of 10,176 tons. However, this activity is affected by
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climate-related impacts such as lightning, droughts and in particular floods
(DoP, 2015).

The study area was selected for three reasons: (1) Of the ten communes
in Tramkak District, Osaray Commune is considered the most adversely
affected by climate change impacts; (2) The traditionally high yield of rice
production has recently seen a significant decrease; and (3) the commune is
a target area for NGO activities focused on climate change awareness-raising
and adaptive capacity building in response to climate vulnerability. Research
participants were samples from three out of the twelve villages in the
commune, namely Tropeang Doung Tuek, Sokroam, and Domnak Khlong.
These villages were selected based on observations about access to water
resources, such as reservoirs and natural streams to support agricultural
production. A systematic random sampling approach was applied to recruit
households to the interviewee cohort.

Yamane's (1967) formula (below) was used to select an appropriate
sample size with a 9% of margin of error as shown in Table 2. In total 106
interviewees were selected (31 families in Tropeang Doung Tuek Village, 46 in
Sokroam Village, and 29 families in Domnak Khlong Village) from 718
households. To randomly sample respondents, the researcher identified a
starting point at the house of the village chief and followed the right side of
the road interviewing every fifth household. The head of the household was
selected as the interviewee when available, however, they were replaced

with another knowledgeable person in the house if they were not.

N

T 1+ N(ed)
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Table 2. Study areas and sample size

Study site (village) Population Number of sample size
Tropeang Doung Tuek 210 31
Sokroam 312 46
Domnak Khlong 196 29
Total 718 106

Data analysis was conducted using the Statistical Package for Social
Sciences and Excel. Both descriptive and inferential statistical analyses were
applied for processing, collating, and analyzing the data. To understand the
poverty profile of the farmers in each village, a sample t-test was applied to
determine if there was any significant difference between household incomes
derived from the survey and the World Bank poverty threshold. In addition,
multiple regression was applied to determine the significance of the
relationship between a range of other attributes and household income; and
whether these associations contributed toward participation in building
climate resilience in each community.

Chi-squared analysis was used to determine the nature of the correlation
between adaptive capacity with poverty status and primary occupation.
Income and livelihood conditions are expected to benefit from improved
adaptation practices as it enables financial and other resources to be acquired
to manage climate vulnerability. Finally, vulnerability to climate change and
other key contributors to promoting participation in climate change
adaptation activities were transformed into a five-point weighted average
index (0.00-0.20=Very low; 0.21-0.40=Low; 0.41-0.60=Moderate; 0.61-
0.80=High; and 0.81-1.00=Very high).

117



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

Results and Findings

Livelihood and socioeconomic characteristics
In the study area, rice cultivation was considered to be the main source of

livelihood and food security, with labour work as a secondary source of
income, and small-scale business as a tertiary but equivalent source of
income. Due to the study being remote, 88.7% of respondents were found to
be highly dependent on rice production for daily subsistence. Several other
agricultural activities, such as planting cash crops including pumpkins,
watermelons, corn, and soybeans were also applied but these were
predominately used for daily consumption, rather than producing a significant
income. Rice cultivation usually commences in early April or May, while cash-
crop cultivation is generally used as a livelihood strategy in the dry season
once rice harvesting is completed in November or December each year.
Multiple regression analysis was applied to determine the correlation of
various factors with daily household income. The resulting correlation, R? =
0.25; F(6,96) = 6.730; *p < 0.05 was derived from including three out of six
proposed attributes, which were found to have a significant association with
household income. These attributes included the number of income sources,
and primary occupation, which correlated positively with household income;
and the number of members of the household, which correlated negatively
with household income. Another three proposed attributes were found to
have no significant correlation with household income. i.e. level of education,
age, and quantity of rice produced annually. Attaining a higher level of
education is often not well-linked to higher income levels from traditional rice

farming methods, as these skills are often attained on the job from other
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family members. Similarly, annual rice yields did not correlate with household
income due to challenges with drought conditions, with insufficient irrigation
allocations available for year-round rice cultivation.

Table 3. Key attributes and their correlation with daily household income

respondents
Attributes Unstandardized (] P-value
Coefficients
B Std. Error
Number of jobs held 0.33 0.13 0.24 0.010**
Education level 0.04 0.04 0.10 0.290
Number of household -0.31 0.07 -0.39 0.000%**
members
Age of respondent 0.00 0.01 -0.04 0.670
Number of rice crops per -0.65 0.50 -0.11 0.200
year
Primary occupation 0.21 0.09 0.21 0.010**

The reason rice farming persisted as a key livelihood activity was because
of its value as a cultural obligation inherited from ancestors. Owning
agricultural land also enabled households to grow crops for subsistence use
in the dry season. Respondents were not only involved in rice production as a
livelihood activity, but were also engaged in other income-generating
activities, such as poultry, and other livestock raising, as well as planting cash
crops. Family members also seek employment in domestic garment factories
outside of the village during the dry season, returning when rice cultivation
recommences. It was also found that on average households comprised 4.4

members, with 56.6% of respondents belonging to a household with between
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4 and 6 people. Most households reported having a high number of aging or
young dependents, which had a negative association with increased
household income. Usually, household income was generated by either one
or two family members only.

A t-test was applied to investigate the statistical significance of differences
between average household income and the 2015 Cambodian poverty line
(0.98 USD per capita per day). It was found that the average income of
respondents was significantly higher than this benchmark at 1.46 USD per
capita per day, t(103) = 4.014, p = 0.00). Local livelihoods in the study area
may be considered to be diversified — comprising other activities such as
planting cash crops, animal husbandry, and labour work in garment factories.
Further analysis showed that three quarters (75%) of respondents were able
to access an income of more than 2.00 USD per capita per day. The poverty
rate in Cambodia has decreased considerably in recent years, although the
decline now is more gradual than in the past. For instance, the poverty rate
decreased from 47.8% to 13.5% between 2007 and 2014 (ADB, 2014). In the
study area, 80.2% of respondents lived above the poverty line defined by the
Royal Government of Cambodia.

Vulnerability of farmers to climate change impacts

Figure 3 demonstrates that respondents have been seriously threatened
by negative climate change impacts and have experienced high levels of
climate vulnerability over the past five years. Respondents indicated a high
level of sensitivity (WAI=0.78) to these impacts, as involvement in agricultural

production had become constrained due to exposure (WAI=0.58) to climate
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change events. At the same time, the adaptive capacity of respondents was
found to be considerably limited, with WAI at 0.43.

Figure 3. Weighted average index indicating the climate vulnerability of
respondents

Sensitivity
1.000.78
0.90
0.80
0.70

0.43
0.58

Adaptive capacity Exposure

Note: 0.00-0.20=Very low; 0.21-0.40=Low; 0.41-0.60=Moderate;
0.61-0.80=High; and 0.81-1.00=Very high

Table 4 assesses and represents the climate vulnerability of the rice
farmers. It also presents the analysis of the seven attributes of the exposure
to climate change impacts. Respondents were found to be most commonly
exposed to irregular or delayed rainfall (WAI = 0.92 and 0.91, respectively).
Very low precipitation levels forced respondents to delay farming activities,
which impacted yields. For instance, some rice paddies were left fallow
because of water shortages. Beyond the impacts of delayed rainfall, rice yields
were found to have continuously declined, while the price obtained for crops
fluctuated. It was observed that while the annual rainy season has typically

occurred between late April and September, recently rain events have been

121



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

delayed until rainfall in August or September, even as late as October in some
years. The season has become shorter and later than previously. This delay is
the primary cause of decreases in water levels in the study area, with dykes
and ponds drying up.

Other challenging exposure attributes, included increasing temperatures,
water shortages, fewer unexpected flood events and increases in unexpected
droughts WAI =0.78, 0.81, 0.82, and 0.89, respectively. Conversely, exposure
to flash storms and high winds was less significant. Around 83% of
respondents perceived that temperatures had increased, unexpected flood
events had decreased, and unexpected drought had increased, rainfall had
been delayed over the past five years. This result aligns with a series of severe
drought events that occurred between 2013 and 2016, which reduce rice
yields, increased the level of insect damage to crops, and required
respondents to leave rice paddies fallow. Overall, 97% of respondents
reported that drought was the most significant challenge for those dependent
on rain-fed agriculture for their livelihoods.

Sensitivity to climate change was indicated by 10 attributes (Table 4), with
two attributes found to have very high sensitivity, namely a lack of water
supply for rice cultivation (WAI=0.82) and damaged rice paddies (WAI=0.81).
Respondents also indicated a high level of sensitivity to three other attributes
were indicated, namely low rice yields (WAI=0.80), a lack of water for
irrigation (WAI=0.79), and increase out-migration for employment
(WAI=0.64). These results are explained by delayed rainfall experienced in the

study area and a high level of dependence on rain-fed agricultural systems.
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Respondents did not report high sensitivity to flash storms or thunder, nor
were they sensitive to the need for additional farming inputs such as fertilizers
or pesticides.

Table 4. Climate change vulnerability assessment in the study area

Exposure WAI  Sensitivity WAI Adaptive capacity WAI
Hotter temperatures Violent storms 0.28  Access to climatic information WE‘.,{B |
Decreased water levels Thunder leading to death 0.28 Change crop cycles
Decreases in unexpected flooding Damaged rice paddies Number of rice crops per year 0.45
Increase in unexpected drought Low rice yield Access to irrigation 0.42
Frequency of windstorms 0.35 Damaged equipment Access to credit or crop insurance -
Irregular rainfall Increased fertilizer use 9.45 NGO support 0.42
Delayed rainfall . Increase pesticide use 0.38 Government support 0.38
Lack of water supply Changed farmland 0.32
Construct water storage 0.43
Lack of water for irrigation reservoirs
Increase out-migration Building protection dykes (flood) 0.28
Build a safe place (flood) 0.21

Note: 0.00-0.20=Very low; 0.21-0.40=Low; 0.41-0.60=Moderate; 0.61-0.80=High;
and 0.81-1.00=Very high.

Almost 70% of respondents indicated a medium or very high sensitivity to
climate change impacts, particularly concerning damages to rice paddies and
decreasing rice yields. The vast majority (90%) of respondents suggested that
damage to rice paddies was a major climate change impact, resulting in a
reduction of yield of between 1 and 1.3 tons per ha per annum only. In total,
it was reported that around 4,000 ha of cultivated paddy rice was destroyed
due to climate change, particularly drought events. Drought alone was
reported to have affected around 3,556 ha of rice paddies, while flood affect
around 1,995 ha. Drought events were revealed to be the most significant

impact and were linked to other attributes such as decreases in water levels,
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and a lack of irrigation, which was experienced by 85% of respondents. A low
adaptive capacity to manage these serious impacts was also reported, with
many respondents (67.6%) becoming indebted to outstanding loans.

The adaptive capacity of respondents was also reported to be weak (Table
4), with nine out of 11 attributes being ranked from low to moderate. Only
two attributes were considered to be strong, namely, access to finance
(WAI=0.66) and changes to crop cycles (WAI=0.64). Flood Infrastructure
attributes such as building safe places to better manage flood events
(WAI=0.21) and building flood protection dykes (WAI=0.28) ranked lowly as
no serious flood events had been experienced in the study area since 2012.
Few respondents had constructed small water storage reservoirs as an
alternative water supply (WAI=0.43). Additionally, changing farmland or crop
rotation was not seriously taken into account (WAI=0.32) while support from
NGOs and government agencies was ranked as moderate (WAI=0.42) and low
(WAI=0.38), respectively. Respondents were also limited to one crop per
annum due to either limitation in water supply or access to irrigation.

Only a minority (18.7%) of respondents perceived that they possessed a
strong adaptive capacity to deal with climate change impacts. They were
aware of the need to change how they managed crop cycles and could access
credit or crop insurance from microfinance institutions (MFIs), yet the
majority of respondents access loans to purchase agricultural inputs such as
fertilizers, pesticides and labour to plant crops, which needed to be secured

with collateral in their land. Some households sent family members away to
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jobs in the garment factories and construction work to raise additional income
to support the family and conduct ongoing agricultural activities.

The key informant interviews revealed that local authorities had played a
crucial role in responding to climate change impacts through facilitating the
development of climate action plans and integrating adaptation activities into
the commune investment and development plans. These plans incorporate
issues raised at the village level and tend to be mostly well integrated but are
rarely supported by the development partners, especially the government, as
the plans are principally focused on building physical infrastructure and
providing public services. Of interest are the efforts that had been made by
commune authorities to work collaboratively with local NGOs to raise
awareness on climate impacts and adaptation strategies [personal
communication with Tropeang Doung Tuek village chief, 12 June 2016].

However, as local NGO partners have no long-term execution and
implementation strategies, consequently it is difficult for a community to
prepare to implement the community activities by themselves when projects
end. Communities often failed to take ownership of planning and
implementation of activities, when NGO programs are phased out [personal
communication with NGO officer, 12 June 2016]. Limitations in the capacity
of the community leaders, and the commitment and willingness of the
community committee to continue to allocate resources (especially financial
resources) act as significant constraints to ongoing climate adaptation
activities. A lack of government support to continue formulating plans,

implementing activities, and monitoring and evaluating results exacerbates
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the absence of a long-term plan to address climate vulnerability [personal
communication with the Osaray Commune Council, 10 June 2016).

Respondents are discouraged by limitations in knowledge, support, and
appropriate government investment in this capacity via the commune plan.
Although NGOs play a vital role in partnership with the government to address
local issues, short-term project implementation is unlikely to result in the
sustainable capacity of respondents to adapt to climate change impacts
[personal communication with an NGO official in Tramkak District, 11 June
2016].
Climate change adaptation practices

Water management strategies and irrigation systems play a vital role in
ensuring the respondents have sufficient water for agricultural purposes
when dealing with climate change impacts. As ensuring there are sufficient
irrigation resource is a key requirement for this end in the study area, water
reservoirs capable of storing water for agriculture are a consideration.
However, the function of these reservoirs is challenged because of irregular
rainfall. Table 5 presents the results of a chi-squared (X?) test that
demonstrates a significant correlation exists between access to irrigation and
the degree of climate vulnerability experienced by respondents, X? (1, N =
105) = 16.39, p = 0.000. Respondents who are not able to access sufficient
irrigation were found to have very high climate vulnerability when compared
to those who do. This suggests that adaptation practices focused on
developing irrigation infrastructure across the entire commune may be

effective in reducing climate vulnerability and adapting to climate change.

126



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

Because of changing rainfall patterns and water shortage in the commune,
respondents had applied various adaptation strategies to respond to climate
change impacts. For instance, respondents reported that they had both
broadcast rice seeds, planted rice seedlings, and constructed wetlands for rice
cultivation. Before broadcasting and planting seed, respondents had applied
soil management techniques including ploughing rice fields to improve soil
quality soil and reduce the prevalence of insects. Other methods applied
included selecting new rice varieties and changing crop cycles.

Table 5. Association between climate vulnerability and access to irrigation

Attributes Access to the irrigation X? P-value
Degree of climate No Yes Total
vulnerability of Low 6 15 21 16.39  0.000***
respondents High 64 21 85

Total 70 36 106

Note: X2(1, N = 105) = 16.39; p = 0.000, *p < 0.05; **p < 0.03; ***p = 0.000; Significant
variables are shown in bold.

Shifting long-term rice varieties to medium-, and short-term rice varieties
produced significant improvements for respondents. However, overall, the
adaptation activities that were implemented were not sufficient in
overcoming the continued use of traditional cultivation methods. These
approaches are highly sensitive to climate impacts and constrain the capacity
of respondents. Few interviewees had applied modern agricultural
techniques that enable enhanced adaptation to climate change impacts. For
instance, only 6.9% of the respondents had applied crop rotation techniques;
0.9% had applied integrated rice farming; 0.4% had applied water

management strategies to optimise groundwater usage, and 0.4% of
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respondents had applied the system of rice intensification principles to their
rice paddies.

Climate adaptation projects should consider the need to strengthen
leadership capacities within communities including the identification of
climate risks; mapping of available resources; planning; engaging
participation; and monitoring and evaluating outcomes. Moreover,
adaptation projects should also consider how improved knowledge may be
transferred to communities. This includes a focus on selecting appropriate
rice varieties; producing rice seedlings with the capacity to cope with variable
climatic conditions; rice cultivation methods; maintaining irrigation systems
for sustainable water resource management; land use planning; value-adding;
and sharing accurate and reliable knowledge about weather conditions and
the lessons learned from the occurrence of natural disasters, such droughts
and flash-storms. Additionally, the diversification of livelihood options is
central to developing a capacity to cope with climate change impacts. When
respondents can utilize their resources for responding to damages, they are
less likely to be trapped within a cycle of indebtedness and poverty.

To determine the significance of the relationship between adaptive
capacity and poverty status, a chi-squared analysis was conducted. No
significant association between poverty status and adaptive capacity was
found, X? (1, N = 106) = 0.447, p > 0.05. The income accessed by respondents
was found to be derived mainly from on-farm sources (rice cultivation,
horticulture, and livestock raising), and was highly vulnerable to negative

climate change impacts. Villages situated far away from irrigation systems, i.e.
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Sokrom and Damnak Khlong, were extremely affected by drought conditions.
Both poor and non-poor respondents were highly sensitive to this climate
variability.

Table 6. Relationship between adaptive capacity, poverty status, and
primary income source

Attributes Adaptive capacity X?>  P-value
Weak  High Total
a. Poverty Below 34 6 40 0.44 0.5040
status Above 59 7 66
Total 93 13 106
b. Primary On-farm 86 9 95 6.23 0.010**
income Off-farm 7 4 11
source Total 93 13 106

Note: a. X3(1, N = 106) = 0.447; P = 0.504; b. X3(1, N = 106) = 6.625; P = 0.01 * p <
0.05; ** p < 0.03; *** p=0.000; Significant correlations are indicated in bold.

An additional chi-squared analysis illustrated that a significant
relationship between adaptive capacity and primary occupation exists,
especially for those who engage in on-farm activities as a primary occupation,
X?(1, N = 106) = 6.625, p < 0.05. These respondents had a weaker adaptive
capacity than those with access to off-farm income. For instance, respondents
with access to off-farm employment were more likely to be able to respond
to climate change impacts. Overall, the daily household income of
respondents was around USD 2.00 per capita, which is slightly higher than the
national poverty line. For those dependent on agricultural production only,
this income is likely to decrease rather than increase, when faced with the

threat of natural disasters.
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Participation in climate change adaptation

Climate change adaptation is a new agenda for many Cambodian people.
Motivating engagement in this agenda is still a challenge. Local participation
is vital for ensuring adaptation practices are representative of the concerns of
the community. This may be achieved via building capacity in policy-making,
planning, impact assessment, social mapping, resource mobilization, and
advocacy about climate change. Opportunities to be engaged in community
meetings that involve the active participation of community members in
developing proposals for local authorities (commune councils) and
development partners are required, as are opportunities to become
organizers and leaders of such events. For these reasons, the level of
participation in climate change adaptation activities remains a concern.

Thus, logistic regression was used to determine the motivation factors
that significantly influence the participation of respondents in climate change
adaptation activities. Four attributes (improving knowledge, receiving an
invitation, being a member of a community, and accessing new skills) were
found to have a significant correlation with motivation to participate, R? =
0.66, F (9, 96) = 20.605; p < 0.05. Respondents indicated that as a result of
participation, they had likely improved their knowledge and been equipped
with new skills. In this sense, participation was a crucial part of developing
adaptive capacity. NGOs had worked in villages to provide training on how to
manage water, cultivate rice sustainably, manage soil, and select appropriate
rice varieties to cope with climate change impacts. Respondents were also

provided with training on climate change mitigation and adaptation,
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convening community meetings to identify problems, and identifying
solutions [personal communication with an NGO official in Tramkak district,
11 June 2016]. Other factors that enhance community participation in climate
adaptation practices were found to include receiving a personal invitation to
become involved, and being part of a community.

Table 7. Key contributors to motivating rice farmers to participate in climate
change adaptation

Attributes Unstandardized Beta P-value
Coefficients

B Std. Error
Improved knowledge 0.37 0.08 0.42 0.000***
Obtain community support  0.20 0.15 0.09 0.19
Accessed community -0.01 0.08 0.00 0.94
resources
Increased rice yield -0.01 0.09 -0.01 0.93
Received an invitation 0.43 0.07 0.44 0.000***
Became a community -0.25 0.11 -0.17 0.030*
member
Received government 0.04 0.07 0.04 0.59
support
Received NGO support -0.05 0.08 -0.05 0.52
Equipped with a new skill 0.33 0.08 0.38 0.000***

Note: R? = 0.66, F (9, 96) = 20.605; *p < 0.05; **p < 0.03; *** p = 0.000; Significant
correlations are indicated in bold.

For instance, more than half of the respondents who participated in
activities did not have essential roles in meeting as an organizer or facilitator.
They had been invited to join events but were not closely involved.
Interestingly, of the one-third of participants invited to discuss issues related
to climate change and raise them with development partners, few were
assigned to important roles as decision-makers, planners (5.3%), or on the
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event organizing committees (2.0%). While participation is a critical
requirement for building adaptive capacity, the frequency of participation of
respondents was very low as they had concentrated on daily household
income-generation, rather than activities. Commune investment plans and
NGO support are typically intended to build capacity to cope with climate
change impacts. In general, it may be observed that commune council
activities focused on building physical infrastructures and livelihood
development; while NGOs had support awareness-raising, and developing
knowledge, and skills.
Discussion

Cambodia remains highly vulnerable to natural disasters, particularly
floods, droughts, and windstorms due to the negative impacts of climate
change (Sour et al.,, 2014). Rural communities face high vulnerability to
climate change characterised by three factors - sensitivity, exposure, and
adaptive capacity. In the study area, respondents have been exposed to
climate change impacts such as irregular rainfall, frequent flooding, droughts,
and flash storms that had seriously impacted rice production over the past
five years. Yet, traditional rice production systems are high sensitivity to
climate variability. Adaptive capacity in this context was perceived to be
relatively low and long-term support from stakeholders such as government
agencies and development partners remains uncertain.

Local (commune) development planning focuses more on physical
infrastructure such as roads, rather than supporting climate change

adaptation activities, especially those linked to household livelihoods
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[personal communication with Osaray commune council, 10 June 2016].
NGOs implement short term projects to build adaptive capacity related to
agricultural production, however, they are limited in their scope and often fail
to sustain an ongoing response to deal with serious climate change impacts.
Meanwhile, interviewees were observed to have some capacity to access
information about climate change, crop insurance, the capacity to produce
one crop of rice per year; yet were constrained by insufficient irrigation
infrastructure, and limited access to NGO and government support [personal
communication with an NGO official in Tramkak district, 11 June 2016]. This
left interviewees with a limited skills base with which to address climate
change impacts.

If the interviewees were able to further diversify agricultural production
methods, they would save a greater adaptive capacity. Despite changing crop
cycles and selecting more appropriate rice varieties, villagers will tend to
apply traditional rice cultivation methods. For instance, broadcasting seeds by
default as they are dependent on rain-fed irrigation. Achieving changes to
climate adaptation practices required capital and the full engagement of
community members (Phirun et al., 2014; Sok et al., 2015). Although a large
reservoir and irrigation system is located close to the commune, it is not
sufficient irrigation to respond to the needs of all those who require water
resources for adapted rice production practices and also has a constrained
capacity due to variable rainfall.

Selecting new crop varieties and planting dates, and increasing fertilizer

use were the main adaptation methods available to interviewees (Abid et al.,
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2014). For instance, changing from long-term rice crops to medium or short-
term rice varieties was found to be a significant approach to coping with
climate change impacts. Consequently, 23.0% and 31.7% of interview
respondents had used short-term and medium-term rice varieties,
respectively. Many farmers cultivate rice during the rainy season between
June-September and harvest between October and December each year. Few
interviewees were able to cultivate rice paddies in both the wet and dry and
rainy seasons due to a lack of water resources. Those who did were less
vulnerable to climate change impacts.

Most farmers broadcast seed (31.9%), rather than planting rice seedlings
(31.5%) or constructing wetlands (28.0%). Using the long-term rice varieties
resulted in a high sensitivity to climate impacts due to the length of time water
resources were required and damage from insects. Beyond selecting shorter-
term crop varieties, interviewees revealed that they also shifted planting
dates to avoid low rainfall periods, constructed wetlands, and planted rice
seedlings instead of broadcasting seeds to cope with climate change. For
instance, 45.3% of respondents changed the date they planted crops due to
variable rainfall and low water levels early in the rainy season. Interviewees
also revealed that they conducted other income-generating activities such as
raising poultry and other livestock and planting cash crops to sell at the local
market.

Various climate adaptation activities were also implemented by the
commune council in collaboration with NGOs to engage local people in

building adaptive capacity to cope with climate change. Participation is an
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essential component of these activities and people must have the opportunity
to be involved in a community need assessment, project design,
implementation, monitoring, and evaluation. Further critical appraising ideas,
settling shared long-term goals, and contributing resources can also promote
the sustainability of these activities. Eliciting meaningful, constructive
feedback from participants is required to create interactions that lead to
positive long term changes (CCCA, 2014).

Successful participation is characterised by situations where it contributes
to tangible livelihood outcomes and develops the skills required for the
activities to continue without acquiring external resources (Samaddar et al.,
2020). This required developing an understanding of the key motivators of
participants. In the study areas, interviewees indicated that they were more
likely to participate in activities if they were regularly invited to and the
experience involved accessing new knowledge or skills. This was the
experience of most interviewees, who had previously attended training, and
participated in savings groups facilitated by NGOs in partnership with local
authorities. They had also been invited to meetings to define issues, and plan,
implement and evaluate projects [personal communication with an NGO
official in Tramkak district, 11 June 2016]. However, often it can be hard to
engage the participation of rice farmers as they are concerned about spending
time generating income.

Sometimes, participation is motivated by accessing a per-diem in the
short term rather than thinking about a long-term development vision. It is

important to reflect on this when considering the four key contributors found
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to have encouraged the interviewees to participate in climate change
adaptation activities. These include: receiving an invitation to attend a
meeting; being a member of a community; being equipped with new skills
(such as climate change adaptation techniques); and accessing improved
knowledge. The frequency of participation was found to be a factor that
required improvement, as infrequent involvement resulted in limited
improvements in adaptive capacity. More than half of the respondents were
found to have participated in climate adaptation activities within the past two
years. However, in most cases, this did not include active and frequent
participation. Constraints to participation were identified as low educational
attainment and the need to spend time in income-generating activities.
Interviewees were motivated by accessing practical information about rice
production and marketing. To foster greater participation, local people should
be engaged in making decisions about climate change adaptation [personal
communication with an NGO official in Tramkak district, 11 June 2016].
Conclusion

The study found that the climate vulnerability of interviewees was
assessed as medium to high (sensitivity 0.78, exposure 0.58, and adaptive
capacity 0.42). This reflects the level of climate impacts that had been
experienced in the past five years. Low water levels, irregular rainfall, and
insufficient irrigation infrastructure had resulted in significant negative
impacts. Moreover, the adaptive capacity of the respondents was also
assessed as low, due to a dependence on rain-fed irrigation. Interviewees

were found to have altered their cropping cycles, yet were still using long-
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term crop varieties. To reduce the climate vulnerability: (i) irrigation systems
or small dykes across rice paddies must be constructed and maintained; (ii)
training and technical support need to be provided in diversified livelihood
options, particularly for off-farm income generation; (iii) the adaptive capacity
of a rice farmer in responding to climate change impacts needs to be
enhanced with the support of climate change and agricultural experts; (iv) the
commune investment plan should focus attention some financial resources
on climate change adaptation and livelihood development; and (v) full
participation in climate adaptation practices should be encouraged, providing
opportunities for local people to take leadership roles.

This study had several limitations related to the timing and budget for
conducting the fieldwork. This research did not receive a grant, thus the
resources available to support data collection were limited and constrained.
The research applied a small sample size to build a case study as was not it
was not nationally representative. The results represent only the location of
the study. Finally, this study focused primarily on the climate vulnerability of
rice farmers, and the adaptation practices and key motivating factors involved
in promoting participation in climate change adaptation activities. The
researcher did not intend to study the policies of national and local
governments in promoting adaptation practices, nor the government budget
and policies required to reduce climate vulnerability.

Further research is required to continue to guide the improvement of the
adaptive capacity and level of participation of rice farmers in climate change

adaptation activities. This research should focus on: (i) the roles of rice
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farmers in building adaptive capacity and resilience to climate change
impacts; (ii) promoting sustainable livelihoods while considering the context
of climate change; and (iii) climate change financing and government policies
that may build climate-resilient communities.
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Abstract

Climate change-related disasters, such as floods, droughts,
windstorms, and heat waves have emerged as a severe threat in the
21°t century. Different countries experience different scales of both
physical and perceived damage. This paper examines farmer
perceptions of climate change impacts on rice production and
introduces an appropriate mechanism to build adaptive capacity at the
local level. This research is based on a survey of 215 respondents from
two communes in Banteay Meas District, Kampot Province. The results
demonstrate that food insecurity has been a frequently perceived
impact among farmers over the past decade. Farmers in Tnoat Chong
Srang have faced transitory food insecurity after natural calamities
such as floods, storm surges, droughts, and seawater intrusion.
Farmers in Banteay Meas Khang Kaeut have encountered chronic food
insecurity and poverty caused by reduced rice production caused by
floods, windstorms, and increasing seawater intrusion. The research
found that local adaptation strategies for climatic hazards can increase
food security. In addition, all key stakeholders, both at the national
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and local levels, should take more action to ensure the resilience of
rural communities. These actions should apply sustainable agricultural
development focused on irrigation infrastructure, drought-tolerant
rice varieties, social safety nets, and community-based projects
selected by villagers. To successfully implement these actions
policymakers and planners need to be able to clearly distinguish
between chronic and transitory food insecurity.

Keywords: food security; small-scale farmer; coastal; agriculture;
Cambodia

Introduction
Climate change is a global challenge for development in the 21t century.

In coastal areas, there has been an increase in the seawater temperature,
rising sea levels, a decrease in sea ice, as well changes to seawater salinity,
storm surges, and the conditions of the ocean circulation (IPCC, 2014). These
effects have been apparent since the 20t century. For instance, the average
sea level has risen from 10 to 20 cm since 1950. Likewise, sea ice cover in the
Arctic Ocean has decreased between 10% and 15% over the same period
(IPCC, 2014). Under current projections, it is anticipated that temperatures
could increase by between 3 °C and 4 °C (Raghavan et al., 2019), and rainfall
might increase by 40% by the end of the century. Reduced crop yields are
likely to place pressure on global food supplies. An increase of just 2°C in
temperature in Southeast Asia, alongside related impacts, such as tropical
cyclones, sea level rises, saltwater intrusion and losses to pests and diseases
are predicted to have a significant impact on food production (Wassmann et
al., 2009). Such impacts on food security are also likely to trigger a reduction

in economic growth in the region.
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Globally, the number of people without sufficient food has increased from
804 million in 2016 to more than 820 million in 2018 (FAO, 2019). In Asia,
around 418 million people experiencing food insecurity accounting for more
than half of global hunger in 2020, with 282 million people in Africa
accounting for another third (FAO, 2021). Climate variability and extreme
weather events are the primary drivers of this rise. Approximately 28% of the
global population lives in low-elevation coastal zones within 100 km of the
coastline (Barbier, 2015). This is the experience of one-third of people in
developing countries, and 47% of people in low-income economies.
Widespread poverty in the coastal rural populations of many developing
countries exacerbates the situation of those vulnerable to extreme short term
climate change impacts, such as coastal flooding and storm surges, as well as
long-term impacts caused by sea-level rise, seawater intrusion, and erosion
(Barbier, 2015; FAO, 2015).

Cambodia is a predominantly rural country that relies heavily on rice as a
critical commodity for economic growth, poverty alleviation and food
security. Agriculture, especially rice cultivation, is a priority sector for rural
development in the country as a staple food and a significant source of
income (Yu & Diao, 2011). For instance, rice exports contributed around
20.7% of the GDP in 2019 (MAFF, 2019). Increasing rice yields via improved
irrigation infrastructure and enhanced agricultural inputs have been
prioritized in response to climate change impacts (Seaman et al., 2014).
However, the significant impacts of climate change on agricultural

infrastructure, and human health in coastal zones, often leave villagers with a
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low capacity to mitigate shocks and stressors during the economic downturn
experienced during floods and drought events.

Climate change impacts have led to altered land-use practices, inflated
production and marketing costs, and the need to source income via off-farm
activities. These factors have all significantly affected rice production over the
past decade (CARD, 2014). Rapid changes to how water-related resources are
managed in response to unpredictable natural disasters, and associated
economic decline has resulted in extremely uncertain livelihoods for villagers.
Many of which now may not be sustained without improvements in the
adaptive capacity to cope with these imminent environmental and socio-
economic dynamics.

Risks to agricultural production translate directly into the expansion of
food insecurity and undernutrition for people who are heavily dependent on
agricultural livelihoods. However, the development of the agricultural sector
suffers from insufficient infrastructure, insecure land tenure, inefficient
technology transfer and agricultural extension, less-than-comprehensive
marketing information, limitations in managing natural hazards, and low
public investment (Theng, 2010). For instance, insufficient irrigation
infrastructure, coinciding with droughts has severely constrained rice
production. Economic shocks and stresses occur frequently, invariably
causing food shortages (FAO, 2017; Sok & Yu, 2015), especially among
communities with a low adaptive capacity. Food security remains a priority
issue if sustainable development and poverty reduction are to be realized

(FAO, 2019).
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In 2011, about 1.5 million people suffered from 630 million USD of
damage associated with flooding in Cambodia. Drought, while less visible, is
also costly, with around 7.8 million people affected (FAO et al., 2020). For
instance, between 2015 and 2016, an El Nifio weather event showed resulted
in unseasonably low precipitation levels, and increased temperatures leading
to the worst drought in Southeast Asia for over 50 years (WFP, 2020).
Undernutrition remains a significant public health concern for Cambodians. It
has been estimated that 15% of the population is undernourished. Up to 32%
of children under five are stunted, 24% underweight, and 10% wasted.
Generally, children living in rural areas are more likely to be stunted than
children in urban areas (WFP, 2020). The Global Hunger Index Score (GHIS)
remains high in Cambodia at 23.7% in 2018 (RGC, 2019) and food security is
affected by a wide range of constraints. They include low agricultural
productivity and diversification, a lack of sustainable access to natural
resources for a significant proportion of the rural population, and insufficient
rural employment. As a result, financial and economic crises continue to
threaten the stability of food access for the rural poor (CARD, 2014).

In 2018, 10% of the Cambodian population remained below the national
poverty line. Food security is expected to continue to be constrained by
climate change impacts for at least the next 20 years in Cambodia due to a
growing population, long coastlines, a heavy reliance on the agricultural
sector, and dependence on natural resources (MRC, 2009) The Royal
Government of Cambodia faces many challenges to improving this situation.

While rice remains a priority economic sector contributing significantly to
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food security, around 28% of the population is likely to be exposed to natural
hazards annually (FAO et al., 2020). Sea-level rises in the Gulf of Thailand
increase by 3 to 5.5 mm per year (IUCN, 2013), with Cambodia’s 435 km of
coastline likely to be impacted by saline intrusion in low-lying agricultural
areas, diminishing rice production (IUCN, 2013).

The capacity to respond to emergencies in the country remains limited,
while traditional agricultural systems remain highly vulnerable to a low
adaptive capacity, characterized by a lack of diversification, and inefficient
irrigation (SCO, 2016). This paper provides insight into the perceptions of rice
farmers on the negative impacts of climate change and characterizes the
types of food insecurity that occur as a result. Appropriate mechanisms for
building adaptive capacity are discussed in light of these insights.
Conceptualizing food insecurity in developing countries

Over the past decade, food insecurity has increasingly become a global
issue as a result of growing conflict over climate-related resources (Drysdale
et al., 2019). Food security was discussed in the global context as early as
December 10, 1948, when the UN General Assembly adopted the Universal
Declaration of Human Rights, which recognized the right to food as a core
element of an adequate standard of living (UN, 1948). Then, in 1974, the
World Food Conference in Rome (UN, 1974) prompted an international
undertaking to develop a long-term plan for global food security to mitigate
hazardous fluctuations in food reserves and prevent food shortages from

occurring (Biswas & R Biswas, 1975). Since this time, various critical reviews
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of global food production and consumption have led to some 200 definitions
of food security being proposed (Napoli et al., 2011).

In 1986, the World Bank defined the food insecurity occurring in
developing countries as either transitory or chronic (Reutlinger, 1986).
Transitory food insecurity was associated with short-term and temporary
socio-economic shocks, caused by factors such as peaks in global food prices,
economic recessions, or natural disasters. Chronic food insecurity was
associated with a long-term and persistent lack of capacity to meet basic
minimum food requirements over an extended period due to poverty,
inadequate access to food, or limited access to land resources (CARD, 2014;
Reutlinger, 1986).

This is consistent with food insecurity in Cambodia. Beyond, the long-term
environmental impacts of climate change compromising food security; short
terms impact such as instability in food prices, food production, or household
incomes also have an impact. In this context, poverty is closely related to food
insecurity and malnutrition. Often food insecurity is intergenerational. Poor
farmers tend to have a less balanced food intake and less capacity to provide
food for children. This leads to lower levels of human development, and
lower-income levels, which persist (CARD, 2014; Reutlinger, 1986). The aim of
this paper is thus, to explore how these concepts may better articulate how

climate change impacts rice farmers in a coastal area of Cambodia.
Study Area and Methodology
Banteay Meas District in Kampot Province was purposively selected as the

research site for this study due to its rural population and coastal location.
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Within this district, stratified sampling was used to select two communes for
a comparative study facing different situations concerning agricultural
practices and capacity to respond to climate change impacts. The selected
communes were Banteay Meas Khang Kaeut and Tnoat Chong Srang (see
Figure.1). In line with Yamane's (1967) calculations, 215 interviewees were

selected across six villages in these locations.

Figure 1. Location of the study area (ODC, 2020)
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Banteay Meas Khang Kaeut is a rural commune with a population of 9024
people (4680 women) comprising 2111 households (MoP, 2020). In total 108
interviewees were sampled from three of the six villages in this commune.
The majority of villagers in this commune are dependent on rice farming,
home gardening, raising animals, and factory work as sources of income.
Tnoat Chong Srang commune has a total population of 8410 people,
comprising 2008 households. In total 105 interviewees were selected from

three of the six villages in this commune. Farmers here are dependent on dry
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land rice cropping and factory work for their income. During the past five
years, villagers from this commune have migrated to Thailand seeking low
skilled jobs in response to fluctuations in the rice market and high costs of
production.

Information was collected from participants via a field survey, participant
observation, focus group discussions, and other participatory rural appraisal
methods. A range of key informants, such as government agencies, NGO staff,
and local authorities were also consulted. Quantitative data were analyzed
using the Statistical Package for the Social Sciences. A situation analysis, using
statistical techniques for hypothesis testing; alongside the calculation of the
mean, standard deviation, and gain coefficient of daily income across three
sources (agriculture, non-agriculture, and others). This information was used
to identify inequalities across each of the study communes. A chi-square test
was used to test the relationship between access to land and household
income. Further, a weighted average index (WAI), with a scale from (1)
considerably low; (2) low; (3) moderate; (4) high; (5) very high, was used to
assess the degree of satisfaction with available support mechanisms,

institutional arrangements, and degree of dependency.

Findings and Results

The current status of food shortages
Over recent decades, a trend has emerged where income from a single

source has not been sufficient to provide long-term security to a household
in a rural area. Household spending on daily food consumption and
agricultural inputs, such as fertilizers and pesticides, often exceeds

agricultural incomes increasing the incidence of poverty rate in rural areas. In
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each selected study area, almost all villagers access household income from
more than one source. Agriculture contributes to job creation, providing food,
and increasing the household income of the rural population. However,
residents seek various forms of agricultural and non-agricultural income.

Table 1. Primary occupations between 2011 and 2020

Attributes Banteay Meas Khang Tnoat Chong Srang Overall
Kaeut (n=108) (n=107) (n=215)
Agricultural
Rice farming 81 83 82.0
Vegetable growing 3.2 33 3.7
Fishing 0.0 0.8 0.4
Livestock raising 2.3 3.1 2.8
Sub-total 86.5 90.2 88.9
Non-agricultural
Self-employment 3.2 0.9 2.1
Waged labour 3.0 6.0 45
Self-employment 3.1 1.0 1.5
Waged Labour 4.2 1.9 3.0
Sub-total 13.5 9.8 11.1

Note: 47.3% of respondents in Banteay Meas Khang Kaeut and 52.7% of respondents
in Tnoat Chong Srang were engaged in more than one occupation.

The majority of residents work primarily in the agricultural sector,
including rice production (82%), home gardening (3.7%), animal raising
(2.8%), and fishing (0.4%). The proportion of workers primarily engaged in
non-agricultural employment is much less (4.5%), however, is a more
significant percentage of Tnoat Chong Srang commune (6.0%) than Banteay
Meas Khang Kaeut (3.0%). They were employed (3.0%). Another 2.1% of the
respondents are engaged in non-agricultural self-employment. The focus
group discussions and interviews revealed that over the past five years, many
villagers in each of the communes have migrated to Cambodia and other
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countries seeking non-agricultural work at garment factories, NGOs, or
private companies. Table 1 provides a summary of the primary occupations of
research participants between 2010 and 2020.

The average land size across both study areas was 1.8 ha per household.
Overall, more land was available to farmers in Tnoat Chong Srang (2.1 ha per
household) than in Banteay Meas Khang Kaeut, which was only (1.4 ha per
household). However, just over half (50.6%) of respondents had access to less
than 1ha (41.0% in Tnoat Chong Srang and 60.2% in Banteay Meas Khang
Kaeut). Just over half of respondents in Tnoat Chong Srang (50.6%) had access
to between 2 and 4 ha of land, with 8.2% having access to more than 5 ha of
land. In contrast only 38.6% of respondents in Banteay Meas Khang Kaeut as
access to more than 1 ha of land resources, with no farmers accessing more
than 5 ha. That demonstrates that comparatively, villagers in Thoat Chong
Srang have greater opportunities for agricultural production.

Figure 2 displays the results for the proportion of villagers who
experienced food shortages between 2011 and 2020. A respondent’s primary
occupation was used to determine the number of months in which a
household could afford to purchase rice. For instance, a household supported
by a non-agricultural occupation may buy rice between seven and nine
months each year. Overall, 57.2% of the villagers in the two study areas were
found to have experienced a food shortage in the past (74.8% of respondents
in Tnoat Chong Srang and 39.8% of respondents in Banteay Meas Khang
Kaeut). Food shortages were found to be especially prevalent during the

period between 2011 and 2015.
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Figure 2. Food shortages during the past 10 years
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The causes of food insecurity

Overall, farmers in both communes have access to a similar amount of
land sizes, however, the average landholding has increased by 33.5% over the
past ten years. This has coincided with an increase in rice production of 58.1%;
an increase in the proportion of farmers using their land for rice production
to about 81.4%, and an increase in farmers who sell rice products to the
market to 61.9%. This has led to an increased demand for land and other
agricultural inputs, as well as an increase in the number of people working as
farmers in both Tnoat Chong Srang (89.7%) and Banteay Meas Khang Kaeut
(73.1%). This shift over the past decade has led to changes in income accessed
from on- and off-farm activities in the two communes. Proportionally, off-
farm income has decreased by 56.3% overall, however in Banteay Meas
Khang Kaeut off-farm incomes still contributed around half of all income
received.

The variation between the average monthly incomes of residents in each

commune, across different income categories, as compared with the rural
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poverty line. This was analyzed using a t-test to identify whether this variation
was statistically significant. Overall, the variation between the average
monthly household income (1,575,000 riel/HH/month) and the rural poverty
line (1,637,000 riel/HH/month) was found to be not statistically significant (P-
value= 0.537). This implies that the average monthly income of the
respondents was close to the rural poverty line overall. However, when this
test was applied to each commune, average monthly payments in the Thoat
Chong Srang (1,995,000 riel/HH/month) (P-value=0.000) were found to be
significantly higher than this measure, while average monthly payments in
Banteay Meas Khang Kaeut (1,158,000 riel/HH/month) (P-value=0.000) were
found to be significantly lower. Notably, farmers in Tnoat Chong Srang were
found to have access to a greater diversity of economic activities, which
influenced this income. They tended to access income from a greater diversity
of sources, both on-farm (rice farming and gardening, animal raising, fishing),
and off-farm (labour work, self-employment, or skilled labour).
Proportionally, the average monthly income for each household was
considerably different across each source. Agricultural income accounted for
an overall monthly household income of 861,840 riels, yet, this was
significantly higher in the Tnoat Chong Srang (1,231,710 riels). In the Banteay
Meas Khang Kaeut, monthly household agricultural income was much lower
(495,390 riels), and exceeded by monthly household nonagricultural waged
labour (605,340 riels), and self-employment (107,860 riels). This is a

significant outcome, especially in Banteay Meas Khang Kaeut, where the
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agriculture sector is an important livelihood resource. Non-agricultural work
tends to benefit a smaller proportion of young people and in-migrants.

Figure 3. Average monthly household incomes by source
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Farmers in Tnoat Chong Srang often access improved rice varieties from
Vietnam, such as long-grain variety IR504. The rice seed is grown using more
substantial agricultural inputs such as pesticides and fertilizers leading the
higher production costs. That leads to local farmers borrowing money from
Vietnamese merchants and local input suppliers on a promise that they will
sell the harvested paddy to the merchant to repay the debt. This tends to
result in minimal profits, with some households suggesting that they continue
the practice for household consumption only. To supplement income from
rice production, they work in construction and factory jobs or migrate to
Phnom Penh, Sihanoukville, or other countries, such as Thailand and Korea.
The farmers acknowledge a significant risk to their livelihood if Vietnamese

partners decide to no longer purchase the rice and no substitute market is
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found. Alternatively, farmers in Banteay Meas Khang Kaeut apply traditional
wet rice cultivation methods with low production costs.

Although the monthly household income for respondents in Tnoat Chong
Srang is higher than for those in Banteay Meas Khang Kaeut, food shortages
are still commonly experienced due to the need to pay for agricultural inputs,
such as fertilizers and chemical pesticides. Many farmers in Banteay Meas
Khang Kaeut are required to see additional non-agricultural employment
opportunities in other communities. The prices of staple foods and other
commodities have fluctuated sharply in recent years linked to prices in
international markets, which are not matched by increased incomes. Climate
hazards have been another factor causing instability that severely impacts rice
production via increased demand for scarce water supplies and low crop
yields, especially in areas dependent on irrigation.

A chi-square analysis was also conducted to explore the relationship
between monthly household income and the size of the landholding that
respondents had access to. It was found that a statistically significant
relationship exists between these two variables. Thus, if a household has
access to a larger land area, they are likely to have a higher monthly
household income.

Finally, a five-point weight averaged index was applied to measure the
degree of severity of the food shortages experienced in each commune.
Significant differences in severity were found, however overall the shortages
were found to be moderate. In general, households tended to experience

food shortages as a result of financial shortfalls when crops were lost due to
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natural disasters. Interviews revealed that during these times, 70.7% of
villagers would borrow money to purchase food for daily consumption (47.7%
of respondents from Banteay Meas Khang Kaeut and 88.8% of respondents
from Tnoat Chong Srang).

Figure 4. The relationship between income and agricultural land
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Perceptions about the short-term impacts of climate change on

food security
Figure 5 outlines the perceived impacts of climate-related hazards over

the last ten years in the study area. Overall, respondents expressed moderate
concern about cooler temperatures, unexpected droughts, windstorms,
increasing saltwater intrusion, unexpected flooding, and lightning, and
significant concern about hotter temperatures. A weight averaged index
revealed significant differences in the perceived impacts of climate change on
the food security of farmers from each commune under study. For instance,

significant differences in perceptions about increasing saltwater intrusion,
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unexpected flooding, windstorms, rising sea levels, and thunder were
revealed (P-Value=0.000). Respondents from Tnoat Chong Srang perceived
there were greater challenges to food security as a result of climate change
impacts than respondents from Banteay Meas Khang Kaeut. This is likely
related to the flooding and droughts that impacted villagers in 2010, 2011,
2012, and 2015, which destroyed rice crops.

Tnoat Chong Srang commune is closely connected with Vietnam via Prek
Chik Vinh Te and Prek Ton Hon canals that traverse the French border post
No. 124. The commune also has links to the western arm of the Mekong River
and the Gulf of Thailand. There is significant potential for the economic
development of the rice cultivation area in the communed for both wet and
dry production. However, this potential is at risk from sea-level rises in the
Gulf of Thailand of about 5.5 mm per year. In recent years, natural disasters
have occurred more frequently in Tnoat Chong Srang commune. For instance,
52 families were directly impacted when strong winds damaged 170 houses
in 2020. Previously, in 2017, 9 households were impacted by violent storms.
In total 43 dwellings were affected, with, four homes completely damaged.
One farmer in the Tnoat Chong Srang recalled:

“I have noticed changes in temperature over the last several years. It is getting

hotter in the dry season. If | compared it to when | was young, the weather

was cold between mid-December and the end of February, but three or four
years ago, the weather became hotter. Over the last three years, our rice
crops have been affected by salinity. In 2019, 1.5 hectares of rice were

damaged, which caused the fields to dry out. Climate change has damaged

my crops as a result of heavy rains and strong winds many times over the last
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three years. My rice yield can sometimes be reduced after strong winds”

(Farmer, Tnoat Chong Srang, October 2011).
Figure 5. Climate change and perceived natural hazards (2010-2020)
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Notes: WAI = Weight Average Index measured on a five-point scale
[Considerably Less (CL) =0.00-0.20, Less (L) =0.21-0.40, moderate (M) =0.41-
0.60, High (H) = 0.61-0.80, Very High (VH) = 0.81-1.00]; OA = Overall
Assessment; *Significance at the 0.05 level; **Significance at the 0.01 level.
Many villagers expressed deep concern about recent increases in
temperature and the increased frequency and intensity of droughts. For
instance, in 2002, 2004, 2011, and 2015, respondents from Thoat Chong
Srang identified that they had noticed some water bodies drying out more
frequently. The extension of irrigation systems has partially supported
agricultural production during the dry season, however, insufficient water in
Tnoat Chong Srang, threatens this livelihood activity due to low yield
production. Farmers in Tnaot Chong Srang commune have created favourable
conditions for growing dry-season rice, but are heavily reliant on irrigation to

increase productivity.
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The rehabilitation of irrigation systems built during the Khmer Rouge
regime can enable two to three rice cultivation cycles per year. However,
mismanagement of the distribution of this water has caused conflict and
placed constraints on productivity. Other challenges faced in the commune
include impacts from pests and diseases, especially during prolonged
droughts, where saltwater intrusion problems increase. This reduces crop
yields and, in some cases, causes crop failure. When this occurs, farmers often
go into debt to buy agricultural inputs to produce rice for the market.
However, the timing of this expenditure is often coupled with selling rice,

when the market is weak.

Perceptions about long term trends related to climate change

and their impact on food security
Overall, the perceptions of respondents about the negative impacts of

climate change on food security vary significantly across each commune
studied. For instance, farmers from Tnoat Chong Srang tended to
acknowledge the impact of food shortages and access to nutrition in the
commune; while farmers in Banteay Meas Khang Kaeut were undecided
about whether this was significant (see Table 2).

Meanwhile, climate change was identified to be a significant threat to
household food security, caused conflict over scarce water resources and
affected children's schooling in both communes. In Banteay Meas Khang
Kaeut, where traditional rice production is prevalent, villagers were able to
supplement available rice stores, with meat intake to improve health, social,

and cultural outcomes from rice production. People gather aquatic creatures,
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such as frogs, crabs, and snails, as well as other wild animals to supplement
other meat consumption.

Table 2. Local awareness of climate change impacts on food security

Attributes Banteay Meas Khang  Tnoat Chong Overall P-value
Kaeut (n=108) Srang (n=107) (n=215)
WAI OA WAI OA WAI OA
Climate change 0.57 U 0.67 A 0.62 A 0.000***

threatens household

food security

Climate change 0.60 U 0.65 A 0.62 A 0.025**
causes conflict over

water resources

Climate change 0.64 A 0.68 A 0.66 A 0.007**
results in no choice

for food

Climate change 0.67 A 0.63 A 0.65 A 0.015**
impacts child health

Climate change 0.61 A 0.1 A 0.61 A 0.589
causes child

malnutrition

Climate change 0.62 A 0.65 A 0.63 A 0.010**
impacts early

childhood

development

Climate change 0.74 A 0.69 A 071 A 0.002**
causes increased

household debt

Climate change 0.60 U 0.63 A 0.62 A 0.021**
impacts children’s

schooling

Notes: WAI = Weight Average Index measured on a five-point scale [Strongly
disagree (SD) = 0.00-0.20, Disagree (D) = 0.21-0.40, Undecided (U) = 0.41-0.60, Agree
(A) = 0.61-0.80, Strongly Agree (SA) = 0.81-1.00]; OA = Overall Assessment;
*Significance at 0.05 level; **Significance at 0.01 level.

Mrs Norn Sony, a farmer who lives in Banteay Meas Khang Kaeut, stated:

| have experienced food shortages almost every year for a period of about

five or six months. | only have access to a small plot of land for rice farming
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and available non-agriculture work is not sufficient for meeting my daily

expenses. | often borrow from relatives and sometimes from neighbours. My

children do not enter the school because | cannot support them (Mrs Norn

Sony, personal communication, October 2020).

Overall, the adaptive capacity of local people was found to be significantly
different in terms of the use of water resources and other technical practices.
There were differences in how farmers from each commune adapted their
water consumption for rice cultivation, applied crop diversification practices,
introduced drought-resistant rice varieties, accessed information about
weather conditions, or used organic fertilizers. Farmers in Tnoat Chong Srang
demonstrated a higher adaptive capacity to climate change than farmers in
Banteay Meas Khang Kaeut.

Farmers in Tnoat Chong Srang have more frequently been impacted by
climate change and as a result, have already altered their water consumption
for rice cultivation via the use of ponds, and water conservation practices to
reduce wastage during drought years. Other practices such as crop
diversification, using organic fertilizers, developing on-farm water storage,
planting fruit trees, and accessing reliable information about the weather
have been applied to a moderate level; while the application of climate-smart
agriculture practices, seasonal crop cultivation, and using drought-resistant
rice varieties have been applied more intensively (see Table 3). Planting fruit
trees has been used as a beneficial practise for improving the food security of

respondents from both communes.

164



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

Table 3. Agricultural adaptations to climate change impacts

Attributes Banteay Meas Khang  Tnoat Chong Overall
Kaeut (n=108) Srang (n=107) (n=215) P-value
WAI OA WAI OA WAI  OA
Using less water for o M 045 M 047 M  0.06
rice cultivation
Water harvesting
usinga farm pond, , 5 M 043 M 045 M  0.010%*
conservation
practices
Reducing water
wastage duringthe  0.40 L 0.47 M 043 M 0.000**
drought seasons
Crop diversification , ,, M 042 M 043 M  0.320
practice
Making organic
fertilizers in the 0.46 M 0.45 M 045 M 0.480
community
On-farm water
storage: water 0.48 M 0.38 L 043 M 0.000***
harvesting
Implementing 0.000***
climate-smart 0.57 M 071 H 064 H
agricultural
practices
Improving the use 0.61 H 0.50 M 056 H 0.000***
of seasonal crops
Planting fruit trees 0.000***
(mango, papaya 0.60 M 0.54 M 0.57 M
banana, etc.)
Introducing
drought-resistant 0.63 H 0.61 H 062 H 0.15
varieties
Accessing
information about 0.55 M 0.55 M 055 M 0.95

the weather

Notes: WAI = Weight Average Index measured on a five-point scale [Considerably
Less (CL) = 0.00-0.20, Less (L) = 0.21-0.40, moderate (M) = 0.41-0.60, High (H) = 0.61-
0.80, Very High (VH) = 0.81-1.00]; OA = Overall Assessment; *Significance at the 0.05
level; **Significance at the 0.01 level.
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Using a weight averaged index revealed significant differences in the
perceptions of the respondents about agricultural adaptations across the two
communes (P-value=0.00). Table 4 indicates that farmer perceptions of
adapting farming methods are stronger in Tnoat Chong Srang was better than
in Banteay Meas Khang Kaeut for seed selection, water management, pest
and disease management, and land levelling. Focus group discussion revealed
that most farmers in the study lacked the technical skills and knowledge
necessary to increase crop yields. For instance, farmers were constrained by
a lack of understanding about how to use agricultural inputs, such as fertilizers
and seeds effectively and efficiently. Improved awareness of these aspects is
likely to improve productivity, as is the dissemination of knowledge about
farming methods, such as crop husbandry, water monitoring, and pest
management.

Table 4. The perception of agricultural adaptation and resilience

Attributes Banteay Meas Khang  Tnoat Chong Overall P-value
Kaeut (n=108) Srang (n=107) (n=215)
WAI OA WAI OA  WAI OA

Seed selection 0.78 H 0.88 VH 0.83 VH 0.000***
Water management 0.75 H 0.87 VH 0.81 VH 0.000***
Pests and disease 0.74 H 0.83 VH 0.78 H 0.000***
management

Land leveling 0.76 H 0.84 VH 0.80 H 0.000***

Notes: WAI = Weight Average Index measured on a five-point scale [Considerably
Less (CL) =0.00-0.20, Less (L) = 0.21-0.40, Moderate (M) = 0.41-0.60, High (H) = 0.61-
0.80, Very High (VH) = 0.81-1.00]; OA = Overall Assessment; *Significance at the 0.05
level; **Significance at the 0.01 level.

The interviews with villagers found that each of the communes in the
study is highly dependent on rain-fed rice farming. Households in Thoat Chong
Srang commune have proportionally higher access to irrigation systems
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(86.0%), compared to those in Banteay Meas Khang Kaeut (29.6%). Those who
live in Tnoat Chong Srang are also more likely to have access to water
resources from the rivers or streams for both wet and dry season rice
cultivation (78.5%) when compared with farmers from Banteay Meas Khang
Kaeut (2.8%). Groundwater is also a significant and supplementary source in
both Tnoat Chong Srang (12.1%) and Banteay Meas Khang Kaeut (1.9%).

Groundwater is used both during drought years and after prolonged rainfall.
Discussion and Conclusion

Storm surges and coastal flooding cause severe constraints on agricultural
production and drive declining productivity (Zikra, 2015). When combined
with the low socio-economic status of many countries in Asia, the impacts of
weather events such as cyclones, storm surges, and floods have a significant
adverse effect on the livelihoods, income, and food security of coastal farming
communities (Huq et al., 2015). This study has revealed that these
communities are expressing deep concern about increasing temperatures and
sea-level rises and their impact on crop yields. Interviews with these farmers
demonstrate that the level of concern about these climate impacts is related
to differences in perceptions about other impacts such as saltwater intrusion,
unexpected flooding, violent storms, and thunder. These differences can be
ascribed to experiences with a decline in agricultural production, level of
access to irrigation infrastructure, and longer terms environmental changes.

Cambodia has been affected by climate change almost every year since
2000. Since this time around 616,750 hectares of rice fields have been

flooded, while 374,174 hectares of paddies have been destroyed (ADRC,
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2003; Chan, 2001; Kent & Sanny, 2004). Between 2004 and 2005, some
provinces of Cambodia experienced severe water shortages caused by
drought; affecting 2 million people and 62,702 hectares of rice paddies (Mao,
2005). In 2016, serious droughts affected agricultural production in 18
provinces, causing 2.5 million to experience water scarcity (Laurien & Keating,
2019; MRC, 2019b). These events are reflected in this study, which found that
farmers in Tnoat Chong Srang have faced impacts from many natural hazards
over the past 10 years including floods, droughts, and windstorms. In
particular, floods and droughts between 2010 and 2015 destroyed crops in
the study area, especially rice.

Previous studies have shown that 42.2% of Cambodian farmers have
experienced food shortages, including more severe food insecurity lasting for
more than ten consecutive days. This has required them to seek support from
others. Even brief periods of food shortages or starvation can result in serious
deterioration of health (Sok et al., 2014). In this study, it was found that 57.2%
of respondents have experienced a food shortage in the past 10 years (74.8%
of respondents in Thoat Chong Srang, and 39.8% of respondents in Banteay
Meas Khang Kaeut).

These experiences have developed an understanding of how to manage
water shortages for agricultural production, turning climate hazards into
agrarian opportunities. These approaches make a significant contribution to
sustainable development in the face of climate change impacts. They help to
improve the resilience of rice farming systems and increase yields to ensure

food security for smallholders in rural Cambodia. This study considered the

168



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

experience of farmers that were highly dependent on rain-fed rice farming.
One commune, Tnoat Chong Srang, however, had significantly higher access
to irrigation than the other.

Local adaptation strategies that respond to climate change impacts
include: changing the timing of planting of crops; introducing new crop
varieties including high-value crops; strengthening the extension services to
rural families via appropriate technologies; and providing better information
on production techniques and land management practices. These strategies
are central to speeding up the adoption of appropriate adaptive practices.
Technically support from NGOs will be required to play a significant role in
improving household livelihoods through training, creating work
opportunities for unskilled agricultural labour, and the provision of financial
support.

In the future, all key stakeholders from the national to local level need to
consider contributing towards: the enhanced resilience of rural communities
and economies; the advancement of sustainable agriculture for farm
households based on crop insurance, crop future trading, and income
stabilization programs; the development of irrigation infrastructure; social
safety nets and community-based projects; the selection of appropriate
careers by villagers; and, clear differentiation between chronic and transitory
food insecurity by policymakers, planners and practitioners. This study
concludes by suggesting that future studies on this topic should (i) focus on
the impact of saltwater intrusion on rice production; (ii) address sea-level rise

and its impact on livelihoods in coastal zones; and (iii) consider the impact of
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climate change on children's health-related quality of life and household food

security indicators in rural communities.
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Abstract

Textbooks play a vital role in the process of teaching and learning,
especially in education systems where they are the only resources
available to teachers and students. Despite this indispensable role,
textbooks in Cambodia have ongoing problems concerning their
content and design. This paper analyzes the readability of passages in
Khmer textbooks (Flesch, 1948); Kincaid et al., 1975, as cited in DuBay,
2004. Reading passages were extracted from the Grade 3, Grade 6 and
Grade 9 Khmer textbooks published by the Ministry of Education,
Youth and Sports. It was found that the readability of these textbooks
was not in line with the reading level of students. For instance, on
average, 20 words per sentence were used, which is equivalent to a
Grade 10 level (Flesch, 1975). Further, while the number of words and
sentences did not significantly vary across the three grade levels, the
number of syllables and words did. These findings have implications for
publishers and authors when designing reading passages in textbooks
if they are to have an appropriate level of readability for their intended
users at each grade level.

Keywords: readability, Khmer language textbooks, grade level
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Key messages

Primary schools are not yet entirely safe for students. Thus, the
implementation of safe school programs and disaster risk reduction is
important to protect students and teachers from death, injury, and harm.
Schools, where these programs are currently implemented, were selected
as they were extremely affected by floods and epidemic diseases and
moderately affected by drought, storms, traffic accidents, and poisonous
reptiles.

Teachers at non-target project schools have better attitudes towards
disaster risk management programs than those where projects are
currently being implemented, as well as those where programs have been
phased out.

Teachers, especially those from non-target schools and those where the
project is currently being implemented, actively participate in safe school
program activities such as training, planning, workshops, hazard mapping,
and meetings with the Commune Council.

Teachers assessed the degree to which actions and measures were used
to minimize hazards as high, while efforts to prevent risks resulting from
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electricity were ranked as moderate. Teachers at non-target schools or
those where the program had been phased out rated these actions as
high, while those where the program was currently being implemented
suggested a moderate level of involvement.

e Safe School Programs should be implemented via infrastructure
development, capacity building, cooperation with local authorities, and
parent involvement. During disasters, students tend to stay home and
miss classes when parents become concerned about safety. Capacity
building for principals and teachers is significant for improving safe school
programs as these stakeholders because they become empowered to
initiate and conduct activities that improve the condition of the school,
and the quality of education.

Keywords: safe school program, disaster risk reduction, hazard-prone
schools, primary schools, education, Cambodia

Background: safe school programs and disaster risk reduction

Disaster risk reduction (DRR) has become a crucial part of the school
curriculum in Cambodia. Over time, the integration of DRR with safe school
programs has arisen through various policies and frameworks to ensure
student safety before, during, and after hazards. Key documents include the
(1) Cambodia Education Sector Emergency Preparedness and Response Plan
(ERRP); (2) Climate Change Strategic Plan for Education; (3) National Action
Plan for Disaster Risk Reduction, (4) Child-Friendly School Policy, and (5)
Guideline on the Curriculum Development for Integrating the Concepts of
Disaster Risk Reduction and Resilience to Climate Change produced by Save
the Children. Further, the National Action Plan for Disaster Risk Reduction
(2019-2023) continues to build adaptive capacity and establish resilience

within communities for sustainable development.
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In 2007, the Ministry of Education, Youth, and Sport (MoEYS) introduced
the Child-Friendly Schools Policy to promote safe schools, focused on health,
safety, and child protection. This framework paved the way for a more
concrete strategy for the integration of DRR in schools (MoEYS, 2007). While
the Child-Friendly Schools Policy promoted school safety initiatives, a DRR and
climate change adaptation (CCA) integrated curriculum was developed for
Grades 4, 5 & 6. The DRR curriculum also integrated Earth Science and
Geography subjects in Grade 8. To ensure a safe learning and teaching
activities during disasters, the MoEYS also produced guidelines on setting up
temporary learning shelters for use in flood emergencies for its Provincial
Departments (MoEYS, 2014a).

In 2013, two policies were introduced to contribute to DRR education at
schools in Cambodia. First, relevant line ministries developed a Climate
Change Strategic Plan for Education. The benchmark was designed to support
DRR in response to climate change. Second, the National Action Plan for
Disaster Risk Reduction (2014-2018) provided a framework for improving
school safety and the resilience in Cambodia, improving the resilience of
primary and secondary education resilient (NCDM, 2013). In 2014,
Cambodia’s EPRP outlined the activities expected before, after, and during a
disaster. It has been used by all ministries and institutions, in line with the Law
on Disaster Management (MoEYS, 2014b).

Implementing safe school programs is important if students and teachers
are to be protected students from harm. These programs strengthen DRR and

resilience through education. The MoEYS has been strengthening cooperation
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with development partners and mobilizing resources to reduce hazards to
minimum standards and ensure the timely provision of education with safety
at all levels. This includes early childhood, primary, and secondary education
(MoEYS, 2014a). Under the ASEAN Safe Schools Initiative (ASSI), Plan
International has implemented school safety programs in a range of countries
since 2012. Additionally, Save the Children developed DRR materials for the
school curricula. In 2019, the UNDP supported the Disaster Management Unit
of the MoEYS to prepare a standard curriculum for Training of Trainer
programs on school safety and disaster preparedness in Cambodia (CFE-DM,
2020).

In Cambodia, schools provide education over a period of ten months,
commencing in November and finishing by August, the following year.
Ordinarily, the school vacation period is in September and October. This
academic calendar is challenged due to climate variability, especially floods
and drought. Schools in flood-prone areas may face flooding in the early part
of the academic year, as October tends to coincide with peak rainfall
conditions. Schools also may face drought in May. To safeguard schools from
natural hazards, child interests, needs, and rights need to be promoted.
Building the capacity of parents and children with basic knowledge of disaster
management helps reduce the risks of negative impacts on children (World
Vision, 2014). Thus, child participation in DRR implementation is essential in
schools.

Using existing systems, student councils have increasingly paid more

attention to the role of national and international NGOs in engaging children
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in civic duties in supporting societal behavioural change. The explicit
objectives of the student councils are to (1) develop children as good children,
good students, and good friends; (2) to educate children to feel affection for
their country, culture, and traditions - to protect the environment - to obtain
a profession - and to follow the teachings of Buddha; (3) to train and provide
opportunities for children to work individually and in groups — to express
opinions and to carry out voluntary activities for one’s self, family, the school,
and society; (4) to promote awareness about and implement child rights and
democratic principles; (5) to promote awareness on how to control the spread
of diseases, such as AIDS, avian flu, and drug addiction; and (6) to prevent
child trafficking, child exploitation, and child labour (KAPE, 2009).

In 2003, the UNICEF and Kampuchea Action to Promote Education (KAPE)
developed a formal implementation manual for student associations. It
supported NGOs to implement child-friendly school programs in various
provinces. Then, in 2007, the MoEYS, with support from UNICEF, developed a
handbook outlining specific roles, policies and guidelines for student councils.
These guidelines were intended to be relevant to Grades 4 to 9, working
closely Child-Friendly Schools Policy framework. This framework defined six
key dimensions of an inclusive child psycho-social learning environment
(KAPE, 2009).

In 2013, the MoEYS, with support from Child Rights Foundation (CRF), and
in partnership with Plan International, developed safe school guidelines,
backed by Dimension Three of the Child-Friendly Schools Policy framework.

The guideline has provided specific directions on the implementation of the
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three pillars of safe schools: (1) a safe learning environment, (2) DRR, and (3)
disaster reduction and resilience education, support mechanisms, and
monitoring and evaluation. It aims to reduce disaster risks caused by humans,
as well as other school hazards, thereby improving access and better
continuity of education for children in Cambodia.

In 2015, the MoEYS, with support from Save the Children, developed a
new Guideline on Curriculum Development for Integrating the Concepts of
DRR and Resilience to Climate Change. The guideline integrates the concepts
of DRR, climate change adaptation, and resilience in science and a social
science subject for students in Grades 4, 5, & 6 and aimed to improve capacity
and provide knowledge to teachers regarding learning about DRR and CAA for
students in primary schools. This knowledge of DRR was adopted from
international and regional experiences and translated into the local context.
The guideline provides knowledge about (1) natural hazards (floods and
drought); (2) land mines and explosive remnants of war (EWR); (3) climate
change; (4) agriculture, food security and nutrition; (5) personal safety; and
(6) health and sanitation. It featured teaching methodologies, case studies,
role-play activities, games, and research results translated into the local
context. In general, the approach helps teachers learn how to teach primary
school students about DRR and CCA (MoEYS, 2015).

This policy paper examines school-based climate risks and vulnerability,
caused by hazards at primary schools. It has three specific objectives: (1) to
identify hazard-prone schools; (2) to explore the knowledge and attitudes of

primary school teachers about DRR and CCA; (3) to describe the integration
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of the safe school program into the curriculum; and examine the level of
engagement in the safe school program. The findings of the research will be
useful for policymakers, planners, practitioners and researchers interested in

the success of the safe school program in Cambodia and beyond.
Research Methodology

The research collected data from both primary and secondary sources
regarding DRR integration and safe school programs in Cambodia linked to
the project, Promoting Safe Schools Initiative in Cambodia (PSSIC) Phase |I.
This project is implemented by the Child Rights Foundation in partnership
with Plan International, Cambodia. Two structured questionnaires to collect
guantitative data. One was used to interview students and the other to
interview school principals, teachers, school support committee members,
and influential adults. An unstructured questionnaire was also used to collect
gualitative data from key informants from the Provincial Office of Education
(PoE), principals, and teachers. Further, a standardized questionnaire was
used to collect quantitative data from primary school teachers from five
primary schools in Stung Treng Province (where the project is currently
implemented), as well as two schools in Kampong Cham Province and three
schools in Phnom Penh Municipality (where the project has been phased-out),
and five schools in Takeo Province (which are not a target of the project). A
total sample of 116 teachers (49 female) was selected as interviewees (Table
1).

In addition to the interviews, field observations were carried out at all 15

schools to access additional contextual information about school safety
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regarding physical infrastructure, social events, and student participation
(especially for girls) in disaster risk management activities. These
observations were also used to validate data collected from phone interviews
with the principals and teachers from the three schools in Phnom Penh. This
was important as it was not possible to interview students from the schools
in Phnom Penh. Focus group discussions were also held with teachers from
each school to discuss relevant issues at each of the participating schools in
the research. Finally, a consultative meeting was organized with the Joint
Action Group on Disaster Risk Reduction Education Working Group (JAG-DRR-
EWG). Participants in this group included the NGOs Save the Children, World
Vision, Plan International, CRF, and ChildFund Cambodia. The meeting was
organized to present preliminary findings from the research, collect feedback,
and discussed policy implications and plans. The meeting took the form of a
forum, facilitating interactions between the researchers and participating
organizations to validate and clarify the initial results.

Table 1. Interviewees for the standardized questionnaire
Name of schools Number Total sample size

Current project schools (Stung Treng) 5 39 (21 females)
Phased-out schools (Kampong Cham) 2 16 (8 females)
Phased out schools (Phnom Penh) 3 21 (8 females)
Non-target schools (Takeo province) 5 40 (12 females)
Total 116 (49 females)

A desk review was used to conduct a qualitative problem and situation
analysis that collected, organized, and synthesized available information from

reports, previous assessments, and raw data from the projects. This enabled
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the project context to be explored in detail and assessed against indicators to
identify problems and gaps faced by the project over a specific period. The
goal of this research is to develop key insights into the successes and
challenges that the project has faced, particularly the participation and
leadership of girls in implementing disaster risk management activities. This
research is intended to go beyond a project evaluation to inform the
nationwide advocacy on this topic.

The study employed advanced descriptive statistical methods using the
Statistical Package for Social Science software for data processing and
analysis. Quantitative analysis tools include ANOVA or f-test, t-test, and chi-
square analyses. A weighted average index was used to rate the degree of
vulnerability and satisfaction that teachers and students held towards disaster
risk management programming at the study schools. The five-scales were: (1)
considerably less; (2) less; (3) moderate; (4) high; (5) very high. F-test
(ANOVA) was applied to test whether there was a significant difference
between the average results from each type of school studied, namely, schools
where the project is currently implemented; schools where the project has
been phased out; and schools that are not a target of the project. An f-test
was applied to the teacher questionnaires, while chi-square analysis was used
to test the association between two categorical variables. For instance, an
association with involvement in a safe school program.

Results and Findings

Identifying hazard-prone primary schools
Table 2 shows that overall, teachers indicated a low degree of both

vulnerability and satisfaction with the different hazards present at each
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primary school. However, these perceptions differed significantly for each
type of school assessed. Principals and teachers shared similar views about
the risk of floods, hot weather, water shortages, and windstorms at the five
schools in Stung Treng.

Table 2. Perception of teachers toward a hazard-prone school

Attributes Phased-out Current Non-target Overall P-value

project implementation project

(n=37) (n=39) (n=40) (n=116)

WAI OA WAI OA WAI OA WAI OA

Floods 0.48 M 0.67 H 0.02 VL 0.38 L 0.000***
Droughts 0.22 L 0.57 M 0.18 VL 0.32 L 0.000***
Storms 0.31 L 0.48 M  0.12 VL 0.30 L 0.000***
Death from  0.08 VL 043 M 0.10 VL 0.20 L
lightning 0.000***
Traffic
accidents 0.26 L 0.62 H 0.16 VL 0.34 L 0.000***
Epidemics 0.16 VL 0.12 VL 0.02 VL 0.10 VL 0.021*
Poisonous
reptiles 0.04 VL 0.43 M 0.01 VL 0.16 VL 0.000***
Falling trees 0.10 VL 0.13 VL 0.06 VL 0.10 VL 0.210

Note: weight average index measured on a five-point scale [very low (VL) = 0.00—
0.20, less (L) =0.21- 0.40, moderate (M) = 0.41-0.60, high (H) = 0.61-0.80, very high
(VH) = 0.81-1.00]. OA = Overall assessment.

While seasonal flood has regularly interrupted classes, other hazards
occur only occasionally. In comparison, other schools where the project is
currently implemented or has already been phased out were more prone to
these other threats. While teachers at the school where the project is
currently implemented perceived a high degree of vulnerability to floods and
traffic accidents, they indicated a moderate degree of vulnerability to

droughts, storms, death from lightning, and poisonous reptiles. Many schools
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in Stung Treng have been built from wood, which is less resilient to hazards
such as floods and storms than brick. While schools are often located on high
ground, hazards such as floods and heavy rains create difficulties for students
and teachers when travelling to school. For instance, roads to O'Trel Primary
School were often very slippery or covered with water during the rainy
season. The teachers at this school were female, and experience difficulty in
travelling to school during these times.

Figure 1: (a) An old school building destroyed by the storm; and (b) The new
cAhkoQ.I: bu_ildir)g suppordby ynteq J\(\/orld Schools
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The principal at O’Rey Primary School indicated that climate change was

resulting in increased temperatures, especially during the dry season. Over
the past two years, this had resulted in insufficient water for use at the school.
Teachers have resorted to requesting students to bring bottles of water from
home to consume at school. At Pong Tuek Primary School, floods and storms
were rated as the two most significant hazards as the school buildings were
been damaged when the roof was blown away.

Similarly, a storm destroyed a building at Veal Ksach Primary School in
2011, which required students to move to the pagoda to study. With the

financial and technical support from United World Schools and resources
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contributed by the community, a new wooden building with four classrooms
was constructed. During the focus group discussions, teachers from Takeo,
Kampong Cham, and Stung Treng identified different types of risks
experienced when travelling to and from school including accidents, as well
as physical and emotional violations. Students were not entirely safe when
not accompanied by an adult. These risks were indicated to be more
significant during the rainy season. For some children, it became necessary to
travel to school by boat, and parents worried about their safety. During flood
events, students from islands found it difficult to travel to school and tended
to stay at home. This was a particular problem for students without a parent
that stayed at home during the day to help bring them to school. In these
cases, the student missed class, for fear of accidents during travel to school.
Teachers from schools that were not targeted by the project, or those
where the project has been phased out indicated a very low, or low degree of
vulnerability for all attributes except for flooding, which was perceived to be
a moderate hazard. Seasonal flooding has affected Boeung Trav Bun Rany Hun
Sen Primary School, where a child drowned during a flood. The principal
shifted classes to the pagoda during flood events to discourage children from
playing in ponds on the school campus following this.The epidemics were
perceived to have a low degree of vulnerability as the study did not consider
COVID-19. Epidemics that were considered included cholera and
diarrheal diseases, malaria, and dengue fever. While COVID-19 was not
considered in the research, key informants revealed that it had a significant

impact on access to education. Students suffered when schools were closed
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to help manage the pandemic. In Takeo, students could not access alternative
online classes as they did not own smartphones. Other students had access
to a smartphone, but could not afford to pay for an internet connection.
COVID-19 did not impact the health of students as they wore masks and
washed their hands regularly.
Knowledge and attitudes held by teachers

Teachers and students were requested to answer five different questions,
as a measure of their knowledge of the definition of disaster (Figures 2 - 4). A
small percentage of teachers claimed they could not define what a disaster is,
compared to one-third of students.

Figure 2. The definition of disaster by teachers

I don’t know
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Focus group discussion in Takeo, Stung Treng, and Kampong Cham
revealed that while students learned about events happening in their
community, such as floods, storms, and water scarcity, this did not translate
into knowing the definition of a disaster. Overall, when defining a disaster, a

high proportion of teachers (73.3%) referred to different hazards, such as
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floods or cyclones; 66.4% referred to the destruction of an asset such as
houses or crops; while 21.6% referred to the personal tragedies such as the
pandemic, traffic accidents, or violence. Only 8.6% of teachers specified food
security or unemployment. These results were in contrast to teachers from
schools not targeted by the project, who referred mainly to different types of
hazards (85.0%), or the destruction of assets (87.5%).

Figure 3. The definition of a safe school by teachers

15.5

School is located in a safe area _ 57.8
Teachers know what to do before, during and after - 750
disasters .

I don’t know

Conduct school mack drills (evacuation, first aid,

temporary shelters, etc.) 124
Disaster Risk Reduction is included into curriculum - 33.6
Building schools to withstand disasters _ 50.0
0.0 50.0 100.0 150.0 200.0 250.0
M Phashed-out project M Current implementation Non-target project Overall

Teachers from the schools where the project had been implemented and
later phased out defined the destruction of assets (78.5%) and different types
of hazards (64.9%) as the definition of disaster. Other definitions include
around 40.5% of teachers mentioned impacts such as the pandemic, traffic
accidents, drownings, and violence; while 18.9% and food insecurity and
unemployment (18.9%). None of the teachers from these schools suggested
that they did not know the definition of a disaster. None of the teachers at
schools where the project was currently being implemented defined a
disaster as food insecurity and unemployment. Instead, they mentioned
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different types of hazards (69.2%) or the destruction of houses or crops
(33.3%). Notably, only 7.7% of these teachers did not know the definition of
a disaster, while in schools that were not targeted by the project, this was
much higher (17.5%).

When asked to define a safe school, around half of all teachers identified
secure locations (57.8%), buildings that can withstand disasters (50.0%), DRR
being integrated into the curriculum (33.6%), and teachers knowing how to
conduct disaster risk management activities (25.0%). Teachers at schools
where the project was currently being implemented had limited knowledge
of safe schools. For example, only 38.5% referred to a secure location, and
28.2% referred to a building designed to withstand disasters. Teachers where
the program had previously been phased out fared better.

For instance, 73% mentioned a secure location; 70.3% mentioned a
building designed to withstand disasters, 64.9 % mentioned DRR being
integrated within the curriculum, 45.9% mentioned teachers knowing how to
conduct disaster risk management activities (45.9%), and 43.2% mentioned
the practice of holding simulation drills (43.2%). At schools not targeted by
the project, 62.5% mentioned a secure location, 52.5% mentioned a building
designed to withstand disasters, 32.4% mentioned DRR curriculum
integration, and 27.5% mentioned teachers knowing how to conduct disaster
risk management activities.

A weight averaged index revealed that teachers rated their attitude

towards preparation for disaster, engagement in disaster risk reduction with

219



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)

© 2021 The Authors

© 2021 Research Office, Royal University of Phnom Penh

children, knowledge sharing and understanding, and life-saving skills and

knowledge as low.

Table 3. The attitude of teachers towards disaster risk management

Attribute

Phased out
schools

Current
implementation

Non-target
schools

Overall

(n=37)

(n=39)

(n=40)

(n=116)

WAI OA

WAI OA

WAI OA

WAI | OA

P-value

| believe that
people need to
prepare for
disasters,
including myself
and my family.

0.29 L

0.30 L

0.39 L

0.33 L

0.001%**

In school, | want
to participate with
other children to
do DRR activities
such as knowing
the hazards,
preparing for
disasters,
practising
evacuation, etc.

0.24 L

0.31 L

0.37 L

0.31 L

0.000***

| want to share my
knowledge and
understanding of
disaster risk
reduction and
safety measures
with my peer
through an
awareness
campaign and
child-to-child
learning.

0.26 L

031 L

0.37 L

0.32 L

0.000***

| believe that life-
saving skills and
knowledge should
be trained to and
owned by girls,
boys, and women
and men.

0.29 L

0.33 L

0.33 L

0.32 L

0.306
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An ANOVA analysis indicated that teachers from schools not targeted by
the project perceived had much higher perceptions of the program than
schools where the project had been phased out, especially regarding disaster
preparation, engaging in DRR activities with children, knowledge sharing, and
understanding (Table 3).

Figure 4. How teachers responded to disaster events

I do not know I 21.6
I went home to my family . 12.1
| panicked and ran . 13.8

|evacustedioasare place _ 7

0.0 50.0 100.0 150.0 200.0 250.0 300.0 350.0

m Phashed-out project ~ ® Current implementation Non-target project Overall

Teachers worked with NGOs such as Plan International, CRF, and World
Vision to organize simulation drill exercises to gradually improve their
capacity. Principals and teachers were thankful to NGOs for supporting these
activities. However, teachers raised concerns after the project at the school

did not have the budget to continue these exercises.

Integrating the Safe School Program within Primary Schools
Overall, teachers at each type of school actively participated in

implementing a Safe School Program. This generally involved training,

planning a workshop at the school, and hazard mapping. More than half of

221



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

the teachers also participated as volunteers in events, school simulation
exercises, and meetings at the commune level. However, only about one-fifth
of teachers participated in workshops in other provinces.

Table 4. Teacher participation in supporting Safe School Programs

Attributes Phased-out Current Non-target Overall
projects implementation project

(n=37) (n=39) (n=40) (n=116)
Workshop at school 81.1 87.2 77.5 81.9
Workshop in 29.7 17.9 7.5 18.1
another province
Training 78.4 82.1 95.0 85.3
School simulation
exercise 64.9 74.4 47.5 62.1
Safe school planning 73.0 87.2 85.0 81.9
Volunteer work 54.1 87.2 55.0 65.5
Hazard mapping 70.3 82.1 82.5 78.4
identification
Meeting at 45.9 53.8 57.5 52.6
Commune Council
Meeting at NGO 62.2 82.1 92.5 79.3

This opportunity was only accessed by 7.5% of teachers from schools
where the project was not being implemented and 17.9% of teachers from
where the project is currently being implemented and 29.7% of teachers from
schools where the project has been phased out. Teachers from non-target
project schools had less opportunity to participate in workshops at schools to
conduct simulation exercises than teachers where the project was being
implemented. Teachers from non-target project schools tended to join

training and meetings at the Commune Council or NGOs instead (Table 4).
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Table 5. Relationship between teachers’ participation and the three types of

projects
Attribute Types of school p-value
Phased-out Current Non-target X2
school implementation school
Are you involved in No 0 2 1
o 1.073  0.585
any activity for Yes 16 37 39
promoting school Total 16 39 40
safety?
Do you have a role No 2 14 17 4.576 0.101
in supporting a safe  Yes 14 25 23
school for disaster Total 16 39 40
risk reduction?
Does the school No 0 0 2
2.809 0.245
have the Yes 16 39 38
infrastructure for Total 16 39 40
disabled students
within the school
premises or access
to the school?
Are you getting No 3 14 13
. . . 1.571 0.456
training on first aid,  Yes 13 25 27
prevention, and Total
16 39 40

response to
disasters?

A consultative meeting organized by NGO members of the JAG-DRR-EWG
confirmed that a Safe School Program is essential for reducing hazards at
schools. It was also discussed that as a national project, it required more
financial support from public investment, as NGOs could only partial support
school development activities. Furthermore, the school required more
investment in infrastructure. The principal at Kah Dach Primary School
outlined that CRF had helped to organize meetings and prepare paperwork to
respond to disaster risk management, but that the school could not continue

to hold these events in an ongoing manner due to a lack of resources. It was
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agreed that the workshops, meetings, and training were useful in disaster risk
management, but they were not managed by the school, but rather by the
NGO.

Chi-square analysis was used to explore the relationship between the
three types of schools: the promotion of school safety, teacher support for
the Safe School Program, infrastructure for disabled students, and training
received on first aid, prevention, and disaster responses (Table 5). The
analysis reveals no significant differences among the three types of schools
for each of these attributes. For example, if there was a storm event during
class time, all students would be supported by the teachers to evacuate to a
safe area. In particular, students are not permitted to play in the rain due to
the health impacts of doing so. Lightning strikes are one serious risk that may
occur when playing in storms. Principals and teachers at Srey Bandith Primary
School work closely with NGOs and local authorities to prepare for disasters
and to manage their risks. NGOs and schools also work to develop the capacity
among students to protect themselves. The school also has a hotline for
students and parents to communicate with the school.

Table 6 demonstrates that most teachers are involved in events, especially
at the schools where the project is not a target and where the project is
currently being implemented. However, less than half of the teachers were
given roles and responsibilities in the discussion (42.2%), decision-making
(32.8%), or a presenter (31.0%). In total, only 6.9% of teachers experienced
being speakers at the events they participated in. This was higher in non-

target schools (10.0%). Teachers from non-target schools were also more
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likely to be involved in the discussion (67.5%) or decision making (60.0%),
compared with 10.3% and 5.1%, respectively in the schools where the project
is being implemented.

Each year, the commune council organizes a meeting where the annual
commune investment plan is prepared. Teachers, school principals, and
parents are invited to indicate their priorities for community development
activities. A teacher from Ang Soklang Primary School reported that disaster
risk management is often not prioritized in the budget as it is not a severe
problem in the community. However, local authorities do work with NGOs
and schools to disseminate information that may help mitigate any possible
disasters. However, while the school action plans in each study schools
indicated support for disabled students, the school infrastructure was found
to be insufficient to meet their needs. Further, the researchers did not
observe any disabled students at the school during to interview.

Table 6. Roles and responsibilities of teachers at the events participated

Attributes Pashed out Current Non-target Overall

projects implementation project

(n=37) (n=39) (n=40) (n=116)
Speaker 5.4 5.1 10.0 6.9
Presenter 351 5.1 52.5 31.0
Participants 75.7 94.9 97.5 89.7
Decision maker 324 5.1 60.0 32.8
Discussant 48.6 10.3 67.5 42.2

More than half of the issues raised during the events by teachers were

discussed with authorities, especially in the schools where the project is
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currently implemented (Table 7). Teachers believed that the ideas presented
at events were used for improving school disaster management plans (39.7%)
and shared with local authorities (32.8%). In total, about one-quarter of
teachers suggested that their contribution was actioned, however, this was
as low as 2.6% in the schools where the project is currently implemented. A
higher proportion of teachers (61.5%) in these schools acknowledged that
their ideas has been discussed, but they had not seen any action or
improvement in the management plan. The teachers at non-target project
schools were more optimistic that their ideas were used to enhance
management plans, discuss, provide input to local authorities, and take
action. The teachers at phased-out project schools also shared similar
experiences to teachers at non-target project schools.

Figure 5. Warning signs alerting students to the risk of trees falling

A PoE officer describes how the provincial government and NGOs worked

to support safe schools through capacity building and infrastructure
development. The local government and NGOs also organized various events
to allow principals, teachers, and parents to discuss and share their opinions

and suggestion to improve the quality of education and safe schools.
226



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

Similarly, an officer at the Provincial Department of Education, Youth and
Sport in Stung Treng also agrees on the importance of the involvement of
principals and teachers as follows:
‘The suggestions and concerns raised by principals and teachers are
beneficial for establishing safe schools, but the provincial governments
cannot respond to all their needs. In rural communities, NGOs play a
significant role in contributing to building capacity, raising awareness, and

improving school infrastructure.” [Personal communication, Teacher, Stung

Treng].
Table 7. Results of engagement of teachers at events participated
Attributes Phased-out Current Non-target Overall
projects implementation project
(n=37) (n=39) (n=40) (n=116)
Improving school disaster 40.5 25.6 52.5 39.7

management plan

Taking action 32.4 2.6 40.0 25.0
Giving inputs to government 45.9 5.1 47.5 32.8
authorities, school principals

Issues discussed 43.2 61.5 50.0 51.7
Nothing happens 8.1 0.0 0.0 2.6

Engagement in Safe School Programs at Primary Schools

Table 8 reveals that most teachers actively participated in school disaster
management activities, including the establishment, planning, development
of a warning system, slogans for risk reduction, and coordination with
stakeholders. Both schools where the project has been phased-out and where
the project was currently implemented tended to be more active in preparing
emergency materials, developing early warning systems, slogans, and safety
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signs, practising simulation drills, and maintaining school materials. In schools
that were not a target of the project, teachers tended to be more active in
establishing committees, risk assessment, and planning. The consultative
meeting concluded that the management team and teachers were crucial in
establishing safe schools as they led students to conduct activities each day.
The role of NGOs in building capacity in DRR at schools was also significant as
it empowered principals and teachers to initiate and conduct activities to
improve the school condition and the quality of education for children. A
principal at Hun Sen Svay Sronos Nos Primary School stated:
‘Before | accessed training in disaster risk management, | had no idea how to
manage risk. Now | know how to work with teachers and student councils to
establish a safe school. An NGO also helped our school to prepare simulation
drills, which have increased awareness among students about disasters.
Knowledge received in training by NGOs have provided us with the
knowledge and skills about how to deal with disasters. | did not have any

idea on how to deal with catastrophes before the training’.

Equipment provided by NGOs was beneficial for waste management,
disaster risk management, and other emergencies. NGOs also prepared
washing areas and waste management equipment to support the
development of a green campus. The school also helped to develop a
structure for a disaster risk management program, however, most schools
did not have the resources to implement these activities. Despite this, the
schools were still optimistic about the development of disaster risk reduction
action planning. The consultative meeting called for additional funding to

support schools to implement a safe school program as part of a national
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policy via the MoEYS to reduce risks from hazards faced by students at
schools. As schools have clear structures, they often cannot continue NGO

programs after they are completed, except when they do not require a

budget.
Table 8. Engagement of teachers in school disaster management
Attribute Phased-out Current Non-target  Overall
projects implementation school
(n=37) (n=39) (n=40) (n=116)
Establishment of committee for
disaster management 70.3 84.6 80.0 78.4
Identification of roles and
responsibilities for the committee 70.3 84.6 77.5 77.6

for disaster management
Assessment of risks, hazards,

vulnerability, and capacity 78.4 71.8 80.0 76.7
Development of school safety plan

or disaster risk reduction action 75.7 71.8 80.0 75.9
plan

Preparation of emergency materials

in responding to disasters 86.5 89.7 85.0 87.1
Development of an early warning

system for disasters (microphone, 83.8 84.6 70.0 79.3
whistle, siren, and information

board)

Document development or slogans

for risks deduction in school 86.5 89.7 75.0 83.6
Development of safety signs 94.6 89.7 82.5 88.8
Putting up warning signs at

dangerous places 94.6 92.3 87.5 91.4
Practice and improve simulation

drills in school to respond to 94.6 89.7 77.5 87.1
disaster

Maintenance of school materials 67.6 74.4 55.0 65.5

and documents during disasters

Prepare an education continuity

plan that is inclusive, free from 86.5 89.7 92.5 89.7
abuse and violence

Coordinate with community and

government for networking, 78.4 87.2 80.0 81.9
advocacy, and fundraising/resource

mobilization
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The participation of teachers in risk education activities across each type
of school was high, particularly in terms of disseminating information (91.4%)
and integrating DRR into the curriculum (89.7%). The teachers at schools
where the project was currently being implemented focused on these two
aspects curriculum integration, information dissemination, as well as first-aid

training, and disaster response (Table 9).

Figure 6. (a) An incinerator (b) A hand washing area

Meanwhile, teachers at schools where the project was not implemented
focused more on capacity building in disaster risk education. At Hun Neang
Bakheng Primary School there was a strong focus on hazard reduction. The
school both incorporated DRR activities into the curriculum, while also
purchasing the necessary equipment and materials to mitigate risks among
students. The integration of DRR into the curriculum requires both financial
and human resources, and many schools lack sufficient resources to conduct
activities without the support of the MOEYS and its associated line
departments, or NGOs. In particular, schools experience difficulties in

developing action plans and training new staff without external support.
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The teachers also assessed the actions and measures made by teachers to
minimize hazards as high, except for efforts to prevent risks resulting from
electricity, which were rated as moderate (Table 10). Teachers at schools
where the project has been phased out rated these efforts higher than those
where the project was currently being implemented. The teachers from the
different categories of schools held various perspectives about school
hazards, except for the prevention of risks from falling into ponds or
uncovered wells, which concerned teachers significantly.

Table 9. Engagement of teachers in risk reduction education

Attribute Phased-out Current Non-target Overall
schools implementation schools
(n=37) (n=39) (n=40) (n=116)
Integration of DRR in the 83.8 94.9 90.0 89.7
primary school curriculum
The conduct of DRR 83.8 66.7 70.0 73.3
education in extracurricular
activities
Capacity building for 86.5 82.1 90.0 86.2
teachers on disaster risk
reduction
Regularly disseminate 91.9 94.9 87.5 91.4

information to students
about Do and Don’t to be
safe during disasters

Training on first aid, 81.1 94.9 77.5 84.5
prevention, and response to

disasters

Coordination with the 83.8 87.2 87.5 86.2

community for common key

messages on safe school

The DRR materials in school 86.5 89.7 82.5 86.2
are gender and culture-

sensitive e.g.: use of the

local language, all children

can play any role in SDMC

regardless of their gender
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Teachers from schools where the project has been phased out rated
efforts to prevent risks associated with electricity, and dangers from school
fences, highly. All schools had developed action plans to mitigate the impacts
of disasters, however, they did not have the financial resources to implement
the activities within them, and required NGOs to sponsor these efforts.

Table 10. School activities to minimize risks from hazards

Attribute Phased-out Current None-target Overall P-value
project implementation project
(n=37) (n=39) (n=40) (n=116)
WAI OA WAI OA WAI OA WAI OA
Actions to prevent  0.73 H 0.65 H 0.73 H 0.70 H 0.0212%*
disasters from
physical
infrastructures

(falling objects,

sharp table edge)

Actions to prevent  0.69 H 0.44 M  0.61 H 0.58 M 0.000***
risks resulting

from electricity

Measures to 0.71 H 0.70 H 0.68 H 0.69 H  0.000%**
prevent risks from

fire hazards

Measures to 0.80 VH 0.52 M 0.68 H 0.66 H 0.504
prevent risk from

school fence to

prevent people

from outside or

animals to enter

the campus

Measures to 0.65 H 0.57 M  0.69 H 0.64 H  0.000%**
prevent risks from

falling into the

pond, uncovered

well, fragile

roof.....etc.

Check old trees 0.76 H 0.58 M 0.76 H 0.70 H 0.128

that may cause

harms

Each school worked with local authorities to improve school infrastructure

and the school environment. Commune Councils helped schools to fill ponds
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with soil, or construct fences. Fences were observed to be very important in
protecting children from an accident. Commune Councils also worked with
police to facilitate the travel of students to and from school, with traffic
accidents identified as a significant issue by many teachers. In addition,
students were informed about the fall of trees, old buildings, and drug issues.

Table 11 demonstrates that schools in the study area had prepared to
mitigate impacts from hazards via the establishment of response and
preparedness committees. In total, five committees were established,
comprising teams focus on early warning and information dissemination;
evacuation; search and rescue; first aid; and security. Different types of school
committees focused on different tasks, with schools where the program had
been phased out, having established more committees than other schools.
Schools not targeted by the program were more focused on establishing
response and preparedness committees. Both principals and teachers were
aware of how to respond to hazards, especially more frequent one-off floods,
traffic accidents, and water shortages.

Table 11. Teachers’ response and preparedness committees

Attributes Phased-out Current Non-target
schools implementation schools Overall
(n=37) (n=39) (n=40) (n=116)
Early warning and 91.9 84.6 67.5 81.0
information

disseminating teams

Evacuation Team 94.6 84.6 67.5 81.9
Search and Rescue Team 94.6 84.6 67.5 81.9
First aid Team 94.6 84.6 75.0 84.5
Security Team 89.2 84.6 75.0 82.8
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First-aid materials were readily available at schools to help respond to
disasters and were essential for both teachers and students to adhere to the
plans (Table 13). These materials were less available at schools not targeted
by the project than in other schools, while schools where the project was
currently implemented tended to have less access to face masks. All key
stakeholders were observed to work towards ensuring that each school was
equipped with sufficient materials and infrastructure to manage disasters via
the treatment of minor injuries. Often these materials were sponsored by the
government, local authorities, or NGOs.

Table 13. Available first aid materials for prevention and response to
disasters

Attribute Phased out Current Non-target Overall

schools implementation schools

(n=37) (n=39) (n=40) (n=116)
Scissor and nail-cutter 91.9 100.0 97.5 96.6
Forceps 67.6 100.0 97.5 88.8
Gloves 97.3 100.0 100.0 99.1
Cotton 100.0 100.0 97.5 99.1
Alcohol 100.0 100.0 100.0 100.0
Betadine 100.0 100.0 100.0 100.0
Anti-bacterial 100.0 59.0 95.0 84.5
ointment
Sterilized bondages 91.9 100.0 97.5 96.6
Plasters 100.0 100.0 100.0 100.0
Balm 100.0 94.9 77.5 90.5
Triangular bondages 100.0 100.0 100.0 100.0
Face-mesh 97.3 76.9 95.0 89.7

These key stakeholders also financially supported schools to respond to
urgent hazards, such as severe floods. For instance, CRF provided lifejackets
for students at Veal Ksach Primary School for use when travelling to school
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during flood events. Despite this, parents still hesitated to send their children
to school at these times and additional awareness-raising activities were
required. Another example from Takeo observed where local authorities
provided masks and alcohol to reduce the impact of COVID-19. Schools also
wished to be provided with soap and other materials to maintain student
hygiene.

Figure 7. Pillars of the safe school Program
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Conclusion and Policy Implications
The findings from the 15 schools surveyed in Stung Treng, Takeo,

Kampong Cham, and Phnom Penh, in addition to a review of the literature on

Safe Schools Programming across Cambodia, have led to the following

235



Insight: Cambodia Journal of Basic and Applied Research, Volume 3 No. 2 (2021)
© 2021 The Authors
© 2021 Research Office, Royal University of Phnom Penh

insights: (1) Primary schools in Cambodia are not yet entirely safe for
students. Schools, where the project was currently being implemented, were
highly affected by flood and epidemic diseases and moderately affected by
droughts, storms, traffic accidents, and poisonous reptiles. Better school
infrastructure was observed in Phnom Penh and Kampong Cham than in
Takeo and Stung Treng. In general, students were not safe while travelling to
and from schools on foot or by water, as traffic measures facilitated by each
school were not sufficient; (2) Teachers could define a disaster well. For
instance, they were able to easily identify different kinds of hazards (73.3%)
and observed that the destruction of houses and farms was an example of this
(66.4%).

However, 15.5% of teachers were not aware of the concept of a safe
school. Regardless of this, teachers devoted attention to providing secure
locations (57.8%), buildings that could withstand disasters (50.0%), and
integrating DRR activities into the school curriculum (33.6%). Teachers at
schools not targeted by the project were observed to have a more positive
attitude toward disaster risk management programming than other schools;
(3) Teachers, especially at the schools not targeted by the project, and those
where the project was currently being implemented were found to have
actively participated in the Safe School Programs, including engaging in
training, planning, workshops, hazard mapping exercises, and other meetings
with the Commune Council; (4) Teachers indicated that they had
implemented actions and measures to minimize hazards to a high degree,

except those related to electricity, where efforts were rated as moderate.
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Teachers in schools that the project did not target or those where the project

has been phased out, rated these measures higher than those where the

project was currently being implemented.

DRR integration into schools occurs through the implementation of the

Safe Schools Program from the national to the sub-national level. This study

at 15 schools has demonstrated that this process has been useful in reducing

vulnerabilities to hazards at schools. Thus, schools should continue to be

supported in this endeavour as follows:

Improving school infrastructure. NGOs have shifted their focus from a
software to a hardware approach. This reflects the findings of this study
that improved physical infrastructure is critical to building disaster
resilience at schools. At the same time, the adaptive capacity of principals,
teachers, and students is also dependent upon capacity building and
awareness-raising. In future projects, the budget for physical
infrastructure at schools should be increased.

Increasing cooperation with local authorities. The study observed limited
cooperation between schools and local authorities, especially the police.
Commune councils may play a more active role in facilitating greater
collaboration in this context. Existing policies on Safe Villages and Safe
Communes may help gain the support schools require from the police. In
particular, improved collaboration may reduce hazards related to traffic
accidents, school-based violations, and even rescue activities during

floods.
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e Improving the capacity of teachers and principals using existing
resources. Schools need to consolidate the experiences gained from NGO
programs on DRR integration and Safe School Programming to enable
these concepts to the transferred to new schools. NGOs such as CRF,
World Vision, and Plan International have worked to initially build capacity
and raise awareness in select schools, yet, now the focus should shift to
principals and teachers from these schools as focal persons to share their
experiences with others.
e Engaging support from parents and the community. Parents are key local
resources for supporting schools physically and financially. In Stung Treng
and Kampong Cham, schools were observed to be built with assistance
from parents. Schools should continue to work closely with parents to
mobilize local resources to improve school infrastructure.
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Psychology refers to the study of human behaviour and mental processes.
Psychologists employ a range of evidence-based practices and methods to
understand and respond to complex social problems. They may work within
family and community contexts, at schools, in clinical settings, as well as in
the workforce (Riggio, 2018; Gruman, Schneider, & Coutts, 2017; Spector,
2017; Norcross, VandenBos, Freedheim, & Krishnamurthy, 2016). Currently,

there are 54 divisions of the American Psychological Association, representing

different sub-disciplines (APA, 2021). The 14™ division is known as the Society
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for Industrial and Organizational (I-O) Psychology, which covers practice in all
types of organizational and workplace settings. The division focuses on skills
assessment, leadership development, staff management, teamwork,
occupational health and safety, diversity in the workplace, and work-life
balance.

Numerous benefits may be realized by employers with the capacity to
manage the health, safety, and well-being of employees through the use of
psychological practice aimed at meeting organizational needs. Nevertheless,
expertise in I-O psychology requires development among organizational
leaders, supervisors and workers in Cambodia. For example, in Cambodia’s
workplaces, I-O psychology should have been playing an effective role in
improving leadership and job satisfaction in the workplace; as well as in
enhancing intrinsic and extrinsic motivational factors such as recognition of
work and effective interpersonal communication (Sorm & Gunbayi, 2018;
Anastasiou & Garametsi, 2021). Further, expertise in I-O psychology has been
applied successfully to the hotel services industry in Cambodia to better
understand the nature of interpersonal communication, emotional
dissonance, and attitudes to work among leaders and employees (Rabiul,
Patwary, & Panha, 2021). These examples demonstrate the potential for I-O
psychology to play a practical role in evaluating and improving workplace
behaviour in the country.

With the above context in mind, the 8™ e-book edition of the text
Industrial and Organizational Psychology: Research and Practice, recently

published by well-known American psychologist, Paul E. Spector (2021) is
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reviewed in this paper. The content of the book is summarized, with key
changes noted; while important theoretical contributions made to the sub-
discipline are evaluated. Insights are then provided on how to apply these
ideas in the workplace. The book is presented in five parts, retaining 14
chapters from previous editions (Spector, 2012; 2016). In the preface of the
8t edition, the structure of the book is briefly outlined, highlighting the
updated range of topics drawing from sources published by experts in the
field since previous editions were published. A brief paragraph summarizing
these topics has also been included at the end of each chapter.

The first part of the book is the “Introduction”, which comprises two
chapters providing an overview of the I-O psychology. Chapter 1 defines the
field, its history, and the accredited pathways to becoming an I-O
psychologist. A comprehensive list of graduate programs at the Masters and
PhD level in various country contexts is provided. The chapter discusses the
ethical standards professionals are expected to adhere to. Practitioners in I-O
psychology are expected to be committed to using their skills to promote
workplace health and safety. However, this may be particularly challenging in
countries where the occurrence of unhealthy or hazardous conditions is
common. In providing an overview of the 1/O psychological practice, the
important role the field plays in managing human behaviour, cognition,
emotions, and motivation in these types of employment settings is
highlighted.

In Chapter 2, the basic principles of I-O research methods are introduced.

These may be of value to students or early career researchers who may wish
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to apply them either in the field or the laboratory. Several research design
methodologies, data collection methods, and analytical approaches are
presented alongside the ethical principles of conducting research in I-O
psychology. There is a focus in this chapter on evidence-based practice,
whereby psychologists employ scientific methods to collect and analyze and
interpret data to aid in addressing organizational issues.

The second part of the book, “Assessment of Jobs, Performance, and
People”, focuses on methods for assessing the psychological capacity of
human resources within organizations. There are three chapters in this
section, which address various aspects of job analysis. Various techniques
used by I-O psychologists to characterize jobs and the personal attributes
required for the successful placement of employees and the evaluation of
their performance in the workplace are presented.

Chapter 3 outlines a series of both job-oriented, and person-oriented
approaches to analyzing jobs. For instance, one person-oriented approach is
outlined in the analysis of knowledge, skills, abilities, and other personal
characteristics (KSAOs) held by employees. A range of job-oriented
approaches such as the evaluation of job performance via interviews,
observations, and self-reporting questionnaires are outlined. These methods
may be used by a job analyst or I-O psychologist for working on problems such
as addressing gender-based salary inequities among employees, as an
example.

Chapter 4 focuses on performance appraisal in the workplace. It discusses

the objective and subjective nature of appraising job performance by
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supervisors or managers. In doing so several types of rating methods are
presented that may minimize bias and human error in managing employees.
These include behaviorally anchored rating scales, mixed standard scales,
behaviour observation scales, and 360-degree feedback.

Chapter 5, the final chapter of Part 2, covers some assessment methods
used for the selection and placement of staff. It describes the most common
psychological tests used to identify the KSAOs essential for successful
performance in a job and how they may be administered using printed or
electronic forms. In this chapter, a range of new technical terms has been
newly defined by the author including automated web-based interviews,
gamification in assessment, situational interviews, situational judgement
tests, and social media for assessment.

The third part of the book, “Selecting and Training Employees”, discusses
the specialization of some I-O psychologists in issues related to evidence-
based methods for selecting and training employees. This topic is central to
human resource development within organizations and is covered in two
chapters. Chapter 6 describes the process of recruiting new employees using
scientific methods. It describes the four steps of the recruitment process,
including (1) planning the need for new employees, (2) getting the right
people to apply for vacant positions (recruitment), (3) deciding who to hire
(selection), and (4) motivating the selected candidates to accept the position.
The third step of this process is elaborated upon in-depth. It is described as
being supported by the development of an effective selection system that

utilizes a validation study based on KSAOs as predictors of job performance.
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The chapter delves into the legal issues that may be faced by organizations
that adopt discriminatory selection practices that do not adhere to this
approach.

Chapter 7 describes the use of training programs for both new and
experienced staff, driven by a needs assessment for the organization, job, and
person employed (Goldstein, 1993). Using a list of KSAOs alongside an
effective process for designing training programs within an organization; as
well as scientific methods for evaluating training outcomes are the main focus
of this chapter. The book suggests that this is one of the most important
aspects of human resource development as it enables an employee’s
knowledge, skills, and capacity to perform their job effectively to be
upgraded. The five steps of designing an effective training program are
discussed including (1) determining training needs through needs
assessment; (2) setting objectives for the training; (3) designing the training;
(4) delivering the training; and (5) evaluating the training.

The fourth part of the book discusses the relationship between the
individual and the organization. It comprises four chapters that discuss the
relationship depicted in the title. Chapter 8 discusses nine theoretical aspects
of employee motivation. One significant change in the 8™ edition is the
replacement of the two-factor theory presented in the 6" and 7t editions
with the theory of self-determination. The discussion of motivation theories
in this chapter aids the understanding of workplace behaviours among

different groups of employees from widely diverging perspectives.
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Chapter 9 focuses specifically on how employees perceive their jobs. It
provides details of various assessments of job satisfaction, affectivities, and
commitment to the organization. This interplay between job satisfaction,
emotions related to work, commitment to the organization, absenteeism, and
employee turnover is the focus of this chapter.

Chapter 10 presents key concepts of productive and counterproductive
workplace employee behaviours, which is a key area of concern for I-O
psychology. The performance of an organization as a whole is often highly
dependent on the interplay between the ability and motivation of employees
and their level of job satisfaction. Thus, understanding the personality
characteristics of employees, and supervisors that positively influence
behaviour is important. For this reason, the chapter focuses on how to
evaluate employee attitudes and how these attitudes impact job
performance.

The most interesting chapter in Part 4 is Chapter 11, which is concerned
with occupational psychology related to the health, safety, and well-being of
employees. The chapter describes the negative consequences of poor
physical and nonphysical work conditions. It is informed by updated findings
specific to the 8™ edition. These draw on research highlighting the importance
of providing respite that enhances the mental health of employees. Types of
respite activities outlined in the book include micro-breaks, meal breaks, and
vacations. Respite activities are shown to help employees psychologically
detach from their work. However, as the book outlines, employees require

training in how to take advantage of these activities. Both work and family
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conflicts experienced by men and women require flexible working schedules
that provide opportunities for reflective practices. Burnout of often
associated with both physical and psychological job stressors. Thus, this
chapter discusses strategies that may be used to enhance an employee’s
health safety and well-being.

The final part of the book, “The Social Context of Work”, emphasizes the
importance of an inclusive organizational culture driven by leadership,
teamwork, and the necessary presence of others for improving job
performance. The importance of tailoring work to meet common
organizational goals is discussed across three chapters.

Chapter 12 describes the difference between workgroups and teamwork.
It outlines some fundamental concepts that may maintain and improve job
performance via working as a team. The author highlights the psychosocial
phenomena related to the presence of others, be it an audience or coworker,
on individual job performance. In this regard, the effects of social facilitation
and social inhibition introduced by Triplett (1897) and Zajonc (1965) remain
the most widely accepted explanation of how this phenomenon affects task
performance. The chapter also addresses how an understanding of group
decision-making practices is fundamental to realizing a high-performing
workgroup.

In Chapter 13, the author discusses leadership and supervision in the
workplace, in particular, the theoretical understanding of the factors that
influence the attitudes and working behaviors of leaders toward their

followers. Various approaches to studying leadership are highlighted. For
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instance, the Vroom—Yetton model (1973) is used to provide a practical
framework for identifying five approaches used in the decision-making
process in the workplace. These may range from autocratic to democratic.

The final chapter of the book is Chapter 14, which discusses three major
aspects of organizational psychology: climate, culture, and organizational
development. Four organizational theories are also presented. For instance:
(1) sociotechnical systems theory; (2) management by objective; (3) survey
feedback and team building; and (4) Theory Y (McGregor, 1960). These
theories are used to demonstrate how organizational management and
leadership may promote productivity, job satisfaction, and occupational
health and safety.

Overall, the book collates a broad range of practical and evidence-based
approaches, which may be used by leaders, human resource management
professionals and organizational psychologists to enhance Cambodian
workplaces. New content in the 8™ edition embraces concepts such as moral
leadership, the use of technology in the workplace, creativity, and innovation.
It also provides up-to-date methods for assessing job performance. However,
itis important to note that majority of the new content is based on references
citing empirical data from developed countries such as the US, UK, and
Canada, with very few examples from Asian contexts. Thus, while the 8t
edition may be useful for Cambodian students and practitioners, some
limitations remain in how effectively it may apply I-O psychology to human

resource development and leadership in the country.
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The I-O Psychology in Practice case studies developed by experts from Part
2 onwards and the related reflective questions are valuable. They draw
attention to the key principles of each chapter using an authentic practical
workplace context. Methods for selecting and training employees, evaluating
job performance, and promoting productivity, job satisfaction and mental
health at work are clearly explained; and may be used to good effect by
Cambodian professionals. Relevant research findings demonstrating the
importance of enhancing collective trust across divergent perspectives in the
workplace may be useful in complementing the book in this regard. These
additional inputs may lead to an enhanced level of reflection and insight into
how to optimize healthy communication, job performance, and effective
teamwork in Cambodian organizations (Mayer, Davis, & Schoorman, 1995;
Gillespie, 2021; Salanova, Acosta-Antognoni, Llorens, & Le Blanc, 2021). The
context on /-O Psychology in Practice is recommended for helping enhance
the use of I-O psychology by leaders in human resource management
contexts. It may be useful in both improving the theoretical understanding of
workplace behaviour in Cambodia, as well as providing practical advice on
how to boost the health and well-being of Cambodian workers (Riggio, 2018).

I-O psychologists have an important role to play in the management of
human resources for the future development of Cambodia. This book
reviewed in this paper may be of use to leaders and professionals in Cambodia
in better understanding workplace relations. It presents best practice
approaches to job analysis, recruitment and selection, training and

development, incentives and reward systems, and performance appraisal.
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This is central to enhancing the attitude and motivation of employees,
improving their performance, and realizing organizational goals. Overall, the
book is well organized, comprehensive and practical. It can complement the
roles of leaders in organizational development in Cambodia; as well as
students and professionals who may wish to gain practical knowledge and

insights into the field of I-O psychology.
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Instructions for Authors

Frequency of Issue
Insight: Cambodia Journal of Basic and Applied Research is a bilingual
journal, where manuscripts may be published in either English or Khmer.
However, all manuscripts must have abstracts in both English and Khmer. Two
issues of the journal are published each year:
e |ssue 1:January-June
e Issue 2: July- December
Each volume will comprise one editorial, five research papers, one policy
paper, and a book review.
Manuscripts to be accepted
Insight A: Humanities, Social Science, Development Studies, Education, and
Languages

e Original/research paper (6,000-10,000 words, including references)

e Short communication/policy paper (3,000-4,000 words, including

references)

¢ News (<1000 words)
Insight B: Natural Science, Mathematics, Science, Engineering, and
Technology

e Original/research paper (4,000-6,000 words, including references)

e Short communication/policy paper (3,000-4,000 words, including

references)

¢ News (<1000 words)
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Paper Structure
An original research paper may vary in structure based on specific
requirements of the topic, or the disciplinary background of the author(s), in
terms of experiments, surveys, case studies, and so on. However, authors will
need to collect and analyze new data and conduct an original study. The paper
should be based on the analysis and interpretation of this data. The suggested
structure for a paper in this category is as follows:

¢ Introduction,

e Conceptual framework/literature review,

e Methodology,

e Discussion,

¢ Conclusion,

e References, and

¢ Supplementary Data (if required).
A book review is an analysis of a book, including its contents, style, and
merit. A book review may be written as an opinion piece, summary, or
scholarly review. The suggested structure for a book review is as follows:

e Introduction,

e Body (a review of the contents of the book),

¢ Analysis and evaluation,

¢ Conclusion, and

e References.
A short policy paper is a communication piece focusing on a specific policy

issue, which provides clear recommendations for policymakers. It is
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generally a preliminary study, which is a precursor to an original research
paper. A manuscript of a short policy paper should use the following
structure:

e Abstract,

¢ Introduction,

¢ Research methodology,

e Results,

¢ Discussion,

¢ References, and

e Supplementary Data (if required).
A news item is a brief description of a research project and an outline of
some preliminary results. This provides an opportunity for authors to
disseminate important results quickly. A news item should adhere to the
following structure:

e Introduction,

e Aims and objectives,

e Research methodology,

e Preliminary results (if relevant),

¢ Discussion, and

e References.
Journal Structure

The Journal is publishing 1 volume per annum. Each volume contains 2 issues.
Each issue includes: 1 editorial, 5 original/research papers, 1 policy paper and

1 book review. The outline of each issue is structured as follows:
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o Editorial,
e Original/Research Paper 1,
e Original/Research Paper 2,
e Original/Research Paper 3,
e Original/Research Paper 4,
e Original/Research Paper 5,
e Policy Paper, and
e Book Review.
Papers from Field of Study
Science and Engineering
e Biology
e Chemistry
e Computer science
e Environmental science
e Climate change
¢ Biodiversity conservation
e Mathematics
e Physics
e IT Engineering
¢ Information technology engineering
e Telecommunication and electronic engineering
e Bioengineering
Social Science and Humanities
e Geography
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e History

e Khmer literature

e Media and communication

e Philosophy

e Psychology

e Sociology

e Social work

e Tourism and resource management

e Clinical psychology
Development Studies

e Community development

e Economic development

e Natural resource management and development
Education and Languages

e Educational studies

e Higher education development and management

e Lifelong learning

e Educational research and training

e International studies

e Linguistics

e TESOL

e Translation science

e Chinese

e Thai
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e English

e French

e Japanese

e Korean
Publication Charges
There are no submission fees, publication fees or page charges for this
journal. Submitted papers should be well formatted and in good English or
Khmer. The Research Office of the RUPP covers the cost of the peer-reviewed
process, English editing, and printing of the Journal. The author is responsible
for translating the abstract from English into Khmer if she or he is not a Khmer
native speaker.
Referencing Style
Insight: Cambodia Journal of Basic and Applied Research (CJBAR) has adopted
the 7th Education of American Psychological Association (APA) style as

referencing style. The example below is derived from https://middlebury.libg

uides.com/citation/apa?.

Print Book Examples

Author, A. A. (Year of publication). Title of work. Publisher.

Calfee, R. C., & Valencia, R. R. (1991). APA guide to preparing manuscripts
for journal publication. American Psychological Association.

E-Book Example

Author, A. A. (Year of publication). Title of work. [Ebook]. Publisher.
Nondatabase URL
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De Huff, E. W. (n.d.). Taytay’s tales: Traditional Pueblo Indian tales.

Ebook]. http://digital.library.upenn.edu/women/dehuff/taytay/taytay.html

Print Journal Example

Author, A. A., Author, B. B., & Author, C. C. (Year). Title of article. Title of
Periodical, volume number(issue number), page range.

Harlow, H. F. (1983). Fundamentals for preparing psychology journal articles.
Journal of Comparative and Physiological Psychology, 55(2), 893-896.

Online Journal Example

Author, A. A., & Author, B. B. (Date of publication). Title of article. Title of

Journal, volume number(issue number), page range .https://doi.org/

Brownlie, D. (2007). Toward effective poster presentations: An annotated
bibliography. European Journal of Marketing, 41(3), 1245-
1283. https://doi.org/10.1108/03090560710821161

Print Magazine Example

Cite like a print journal article, but give the year and the month for
monthly magazines. Add the day for weekly magazines.

Henry, W. A, IIl. (1990, April 9). Making the grade in today's schools. Time,
135, 28-31.

Online Magazine Example

Cite like a print magazine article, except: a) no page numbers, and b) add a
DOI (preferred) or full URL.
Auerback, M. (2019, January 27). In antitrust, size isn‘t everything.

Salon. https://www.salon.com/2019/01/27/in-antitrust-size-isnt-

everything partner/
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Online Newspaper Example

Cite like an online magazine article except that in most cases, you'll include
a URL because no DOI will be available.

Author, A. A. (Year, Month Day). Title of article. Title of Newspaper. URL
Parker-Pope, T. (2008, May 6). Psychiatry handbook linked to the drug
industry. The New York

Times. https://well.blogs.nytimes.com/2008/05/06/psychiatry-handbook-

linked-to-drug-industry/

Website Example

Author, A. A., & Author, B. B. (Date of publication). Title of page. Title of

Website. URL
Martin Lillie, C. M. (2016, December 29). Be kind to yourself: How self-
compassion can improve your resiliency. Mayo

Clinic. https://www.mavyoclinic.org/healthy-lifestyle/adult-health/in-

depth/self-compassion-can-improve-your-resiliency/art-20267193 Cleveland

Clinic. (2019, July 16). Stress: 10 ways to ease

stress. https://my.clevelandclinic.org/health/articles/8133-stress-10-ways-

to-ease-stress
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Cambodia Journal of Basic and Applied Research (CIBAR) has two main

focuses:

e Insight A: Humanities, Social Science, Development Studies, Education,
and Languages
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Engineering

The preparation and printing of the Journal are generously supported by
the Research Office of the RUPP, who also provided technical support in
hosting, editing, and publishing the CIBAR. This is a bilingual Journal where
an author may decide to publish his/her manuscript either in English or
Khmer. However, all manuscripts published in the CJBAR must have abstracts
in both English and Khmer. The Journal publishes two issues per annum:

e Issue 1:January-June

e Issue 2: July- December
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The CJBAR is an academic, policy, and practice-oriented Journal covering
all aspects such as mathematics, science, technology, engineering,
environment, social sciences, humanities, education, development studies,
and languages. Academic or applied research manuscripts from within
Cambodia; or from outside Cambodia that contribute to the social, economic,
or environmental development of Cambodia, ASEAN, or the Greater Mekong
Subregion may be submitted to the Journal. The Journal welcomes
manuscripts from any discipline, where theories, concepts, innovations, new
technologies, or best practices. However, the Journal reserves the right to
prioritize research topics aligned with the courses offered at RUPP.

The Royal University of Phnom Penh (RUPP) is the largest public university
in Cambodia. It hosts more than 12,000 scholarship and full-fee paying
students across a diverse range of undergraduate and postgraduate
programs. The university is a full member of the ASEAN University Network
(AUN) and has a unique vision ‘to become Cambodia‘s flagship university with
a reputation in the region for teaching, learning, research, innovation, and
social engagement.’ The current strategic plan of the institution prioritizes the
development of a strong research capacity incorporating peer-reviewed
publications, as well as links to industry and community networks, which is
well-aligned with Cambodia‘s National Education Strategic Plan (NESP) 2014-
2018 aimed at supporting the transition of the country from a lower-middle
to upper-middle income country by 2030; and obtaining ‘developed country’
status by 2050.

The Royal Government of Cambodia (RGC) through the Ministry of
Education, Youth, and Sport (MoEYS) promote the publication of scientific
research in the national higher education strategy. For instance, one of the
eight key strategies in the Policy on Higher Education Vision 2030 is ‘to ensure
that RUPP staff and students, especially postgraduate students, contribute to
improving the research and development culture in Cambodia to serve
national development needs.” The publication of scientific research is
considered to be a crucial aspect of promoting the Cambodian Industry 4.0
Policy. This policy aims to engender the creativity and innovation, required to
drive economic growth and social development.
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