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Abstract

Aquaculture holds considerable potential to contri-
bute to poverty alleviation, if it provides poor people
with opportunities other than as primary producers.
Integration of aquaculture into poverty reduction
programmes provides means to diversify production
systems and reduce food insecurity but also needs
improved markets in locations where aquaculture
can o¡er sustainable livelihoods to poor farming
households. This study reviews the current con-
straints that poor people face in accessing markets
in Cambodia and analyses its implications for pro-
poor domestic aquaculture development. We use
a Geographic Information System-based spatial
Bayesian probability model to simulate market acces-
sibility and estimate the numbers of poor people who
could potentially bene¢t from improved market
access under four di¡erent scenarios. Analysis of
secondary data con¢rms that the potential for
poor aquaculture producers to interact with urban
markets in Cambodia is currently low. The potential
of aquaculture to interact with rural markets is, how-
ever, high. It is concluded that the development
of aquaculture has considerable potential to reduce
the transaction costs in domestic ¢sh trade by
improved access of poor producers and consumers
to rural markets in Cambodia. An aquaculture devel-
opment strategy that improves rural market access
could include bene¢ts for up to1million poor aquatic
resource users.

Keywords: aquaculture, market access, poverty,
scenarios of change

Introduction

Aquaculture and poverty alleviation

Aquaculture and improved aquatic resource man-
agement hold considerable potential for alleviation
of poverty if poor people are engaged through oppor-
tunities other than as primary producers. Poor peo-
ple need access to appropriate and a¡ordable low-risk
aquaculture technologies, markets, access and con-
trol over common property resources and rights to
participate e¡ectively in aquaculture development
planning. Bene¢ts from aquaculture can be direct
through target groups engaging in aquaculture pro-
duction, indirect through secondary opportunities
associated with aquaculture and inclusive through
broader bene¢ts from aquaculture that eventually
reach target groups (Muir 1999). This study aims to
identify current limitations to the development of
pro-poor aquaculture in Cambodia and uses simula-
tion of change in market access in order to emulate
how such changes could a¡ect opportunities for the
development of pro-poor aquaculture in Cambodia in
the foreseeable future. The current situation of ¢sh
supply and demand in Cambodia provides a baseline
for simulation of di¡erential market access by poor
and better-o¡ producers and consumers.The simula-
tions provide estimates of the numbers of poor people
who potentially could bene¢t from improved aqua-
culture value chains and market access.
Employment in aquaculture has important poten-

tial to contribute to poverty reduction in developing
countries such as Cambodia and the Philippines,
where labour supply is still abundant (Ahmed &
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Lorica 2002; Irz, Stevenson, Tanoy, Villarante &
Morissens 2007). Adoptionof aquaculture byagricul-
tural households has had positive income, consump-
tion and employment e¡ects in countries such as
Bangladesh, China, India, Indonesia, Thailand and
Vietnam. Incorporation of aquaculture into existing
agricultural farming systems has also contributed to
improved productivity and diversi¢cation of small-
scale farms. In £ood-prone ecosystems in Bangla-
desh, signi¢cant increases in farm and household
income were reported following interventions that
targeted aquaculture in order to increase on-farm
production of resource poor households (Gupta,
Mazid, Islam, Rahman & Hussain 1999). Compared
with non-producing households and the national
average consumption, the per capita consumption of
¢sh in rural areas of Bangladesh was also noticeably
higher for households adopting aquaculture (Dey,
Bimbao,Yong, Regaspi, Kohinoor, Pongthana & Para-
guas 2000). Phong, Udo, van Mensvoort, Bosma,
Tri, Nhan and van der Zijpp (2008) concluded that
Integrated Agriculture-Aquaculture systems in the
Mekong Delta of Vietnam have provided an adequate
response to threats and opportunities arising from
rapid agricultural development, related market £uc-
tuations and changes in policy. Poorer farmers
tended towards diversi¢cation of their farming sys-
tems with aquaculture in order to avoid risks and
safeguard their livelihood, while better-o¡ farmers
tended towards specialization and intensi¢cation of
their farming practices. Similar opportunities poten-
tially exist in Cambodia, given the importance of
aquatic resources to the rural poor in the country
and Cambodia’s rapid integration into regional and
global markets since the mid-1990s, which came ac-
companied by considerable demand volatility. The
prices of ¢sh and other food commodities have in-
creased signi¢cantly since May 2007 (CDRI 2008).
This has provided opportunities, but also obstacles
for agriculture and wider economic development,
and has undermined poverty reduction in Cambodia
(Sovannarith 2009). Fishing communities are among
those most severely a¡ected. Fish catches and the
average daily income of ¢shing households declined,
while their daily expenditure increased. Fresh ¢sh
prices have increased relatively modestly, by about
20%, in comparisonwith rice, which doubled in price
(CDRI 2008). In a survey held in June 2008 on the ef-
fects of high food prices among 2235 households in14
villages in Cambodia,98% of people in ¢shing villages
indicated that theydid not have enoughmoney to buy
food or cover essential expenses (Sophal 2009).

Aquatic resources and poverty in Cambodia

The Cambodian poor still accounted for 30% of the
population or 4 million people in 2008 (CDRI 2008).
The highest incidence of poverty in Cambodia is
found among households where agriculture is the
primary source of income. In 2004, 90% of the poor
lived in rural areas (Royal Government of Cambodia
2005). In rural Cambodia, poverty is closely linked to
food insecurity. According to Sophal (2009), more
than1.5 million people in rural areas and more than
150000 of the urban population are food insecure.
Sixty-¢ve per cent of rural households are either
landless or land poor (owning one hectare or less).
The majority of rural residents are net buyers of food.
In the poorest two quintiles, food consumption
amounts to 70% of the total household expenditure.
Rice, ¢sh and ¢sh products, supplemented by seaso-
nal fruits and vegetables, are the staple foods for
these people. Capture ¢sheries contribute signi¢-
cantly to food security, nutrition and income genera-
tion. On a seasonal basis, ¢shing is a part-time
activity for virtually all farming households. Per
capita inland ¢sheries production amounts to
28.2 kg/year and ranks ¢rst worldwide (FAO 2003).
Cambodia’s ¢sheries sector is undergoing major

reforms towards a more poverty-focused approach.
Despite this focus, Cambodia’s National Poverty Re-
duction Strategy (Council for Social Development
2002) acknowledges that wild ¢sh supplies will not
be enough to meet the future demand of Cambodia’s
rapidly increasing population. Recent increases in
the development of pond-based aquaculture are
mainly a response to declining supplies of wild ¢sh.
Promotion of small-scale aquaculture and commu-
nity-based ¢sheries are integral components of the
country’s strategy for equitable agricultural develop-
ment that prioritizes poverty alleviation and food
security. Aquaculture development through pond-
based and rice-¢sh aquaculture has been receiving
increasing attention because of its potentially impor-
tant role in providing food security and rural income
generation (Ministry of Planning, Royal Government
of Combodia, United NationsWorld Food Programme
& United Nations Development Program 2001).
Aquaculture is currently practiced in virtually all

of Cambodia (Viseth & Pengbun 2005). Its contribu-
tion to food ¢sh supply has increased by 28.6% from
an estimated 20675 tonnes in 2004 to 34200 tonnes
in 2006 (FAO 2009). Uno⁄cial estimates, how-
ever, suggest that the aquaculture output in Cambo-
dia currently could be as high as 80000 tonnes
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annually (Nam & Leap 2007). River cat¢sh Pangasia-
nodon hypophthalmus (Sauvage) is the most widely
cultured species in ponds. It is cultured around
Phnom Penh and major provincial towns in the
country, where feed inputs are more readilyavailable.
Cage and pen culture are still the principal systems of
inland aquaculture in provinces around the Great
Lake (Tonle Sap), where it is especially developed in
Kampong Chhnang province (Viseth & Pengbun
2005). These types of aquaculture have evolved from
the activity of stocking surplus catch from the highly
seasonal inland ¢shery in £oating cages and bamboo
¢shpens, in order to keep the ¢sh alive for sale in the
o¡-season (DFID-SEA Aquatic Resources Manage-
ment Programme 2000). The two major species
cultured in cages, river cat¢sh and giant snakehead
Channa micropeltes (Cuvier), are high-value species.
Cage culture is highly dependent on feed ¢sh from
the wild, and concerns have been raised over the
impacts of expanding feed ¢sh demand on the avail-
ability of ¢sh for poorer consumers and on the
environment (Phillips 2002; Sverdrup-Jensen 2002).
The availability and price of feed ¢sh vary during the
year. Feed ¢sh is readily available during December to
March, when small ¢share inabundance. During June
to September, when the ¢shing season is closed, the
availability of feed ¢sh is low and the prices are high.
According to Thuok and Viseth (2004) cited inViseth
and Pengbun (2005), the production of river cat¢sh
and giant snakehead in both ponds and cages has de-
clined steadily due to the shortage of wild seed supply,
shortage of feed ¢sh and deteriorationof water quality.
Small-scale aquaculture production may be the

only option for poor farmers to derive direct bene¢ts
fromaquaculture, especially inareas with limited ac-
cess to capture ¢sheries resources. During the last
decade, considerable e¡ort has been dedicated to pro-
mote small-scale aquaculture in earthen ponds. The
¢sh are fed on a variety of farm waste products that
are cheap and easily available all year round. Rice-
¢sh culture, an extensive form of aquaculture where
¢sh are released into £ooded rice paddies, has been
introduced particularly in PreyVeng and Svay Rieng
provinces, and more recently in Takeo province.
Land-based pond aquaculture and rice-¢sh culture
systems are most appropriate for poor farmers in in-
land rural areas, but many poor households do not
own su⁄cient land to practice culture in a land-
based system. For landless farmers, water-based sys-
tems such as cages, pens or enhanced ¢sheries in
large communal water bodies may be the only option
to culture ¢sh, but this type of culture is usually

beyond the reach of poor and marginal farmers as
high investment levels are required (Edwards 1999;
Friend & Funge-Smith 2002).

Markets and fish trade in Cambodia

Our hypothesis is that bene¢ts from aquaculture de-
velopment to the poor in Cambodiawill be mostly in-
direct through improved trade e⁄ciencies and
reduced transaction costs along the domestic ¢sh
marketing value chain. Freshwater ¢sh are among
Cambodia’s most important traded commodities
(Chea & McKenney 2003a). Fresh and processed
¢sh are widely traded domestically, and exported in
signi¢cant quantities to neighbouring countries,
principally Thailand andVietnam. Cambodia is a net
exporter of ¢sh and the sector has been targeted as
important for export promotion. Nonetheless, the
available statistics indicate that export revenues vary
widely frommonth tomonthand betweenyears. Rev-
enues declined almost by half fromUSD10 million in
2005 toUSD 5.1million in 2006 (source: CDRI).While
export promotion is intended to spur ‘pro-poor’trade,
market integration and trade e⁄ciencies also need to
be improved domestically.
Fish trade in Cambodia is in£uenced by a complex

set of factors. Currently, ¢sh supply to domestic mar-
kets is stable, but themarket prices of ¢sh are variable
and are in£uenced by imports from neighbouring
countries and the availability of wild-caught ¢sh.
Cambodia has a small and fragmented internal mar-
ket (Ward 2002). Domestic ¢sh trade statistics are
scant, but where available, con¢rm the wide varia-
tion in fresh ¢sh prices between provinces and
between seasons. Exports may deprive domestic
users of ¢sh, and shortages in supply may occur sea-
sonally in areas with limited access to markets and
capture ¢sheries resources. In rural areas located
close to Phnom Penh, marketable ¢sh may be di-
verted away to urban markets, reducing its local
availability, whereas the costs of transportation to
these markets become prohibitive in areas distant
from Phnom Penh. Markets and distribution centres
are characterized by ine⁄ciencies, which increase
costs. Traders and distributors complain about high
distribution centre fees and lack of services. Only
one distribution centre serves Phnom Penh for each
major trade route and ¢sh distribution facilities are
absent in Poi Pet, the onlyo⁄cial export border cross-
ingwithThailand. Spoilage andweight loss along the
marketing chain result in considerable value losses,
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which are compounded by poor retail marketing
practices such as displaying ¢sh for sale without ice.
Analysis of theTonle Sap ¢sh trade o¡ers valuable

insights into the current market constraints asso-
ciated with ¢sh trade in Cambodia. The majority of
traded ¢sh in Cambodia originates from the Tonle
Sap (Chea & McKenney 2003a, b). Marketing of this
¢sh involves a number of transactions, of which sales
from ¢shers to traders, from traders to retailers via
distributors and from retailers to customers are the
most important ones. Tied relations are the norm in
this system. Distributors play a dominant role in the
market structure.Theyare the ¢nanciers of ¢sh trade
and lend capital to traders to support ¢sh purchases.
Traders in turn re-lend some of this capital to ¢shers
for gear purchases and other expenses. Under the
terms of these loans, ¢shers are obliged to sell all ¢sh
to their creditor, the trader, and traders in turn must
sell all ¢sh through their distributor and pay the
associated commission fees. The problem of credit
dependency places ¢shers at a disadvantage. Most
¢shers are in debt to a trader and in a weak position
for negotiating the sale of their catch. Pervasive fee
charges along the trade route also reduce pro¢t mar-
gins in ¢sh exports. Many of these fees are charged
without a legal basis (Chea & McKenney, 2003b).
Seng (2006) reports that informal fees charged on
¢sh exports via waterways to Vietnam are about
twice as high as formal fees. Informal fees also tend
to increase in relation to the distance between the
landing site and the market. Fee charges absorb a
large proportion of the potential earnings of expor-
ters and add more than 50% to the costs of exporting
¢sh. Hence, high transaction costs and tied trade re-
lationships are the principal constraints to be ad-
dressed in order to secure bene¢ts from ¢sh trade to
the rural poor in Cambodia.

Methodology

Materials

This study makes use of data on poverty headcount
and spatial population distribution in Cambodia to
simulate possible scenarios for pro-poor aquaculture
market development. In the absence of data on
poverty disaggregated by speci¢c indicators, let
alone aquaculture speci¢c poverty indicators, the
simulation is supported by anecdotal information
about povertyand aquatic resource use in Cambodia.
The IDRISI Andesr Geographic Information System
is used to estimate the numbers of poor people who

could potentially bene¢t from small-scale aquacul-
ture development under four di¡erent scenarios of
market access. A global population distribution mod-
el at 1km resolution, known as LandScanTM (Oak
Ridge National Laboratory, Oakridge, TN, USA), pro-
vides a proxy indicator of aquaculture development
potential under these di¡erent market scenarios.
The proxy is a distance decay function of population
distribution and marketing constraints, expressed in
‘distance to potential markets’. Commune-level popu-
lationand povertycounts from the Cambodia poverty
analysis in the year 2000, provided by the vulnerabil-
ity analysis and mapping unit of theWorld Food Pro-
gramme (WFP) Cambodia o⁄ce are redistributed on
the basis of this proxy.While the scenarios can hold
true for rural market development in general, they
are assumed particularly sensitive to the ¢sheries sec-
tor because trade constraints in the sector are exacer-
bated by distance and limited market access,
characterized by high transaction costs and tied rela-
tionships and associated with a lack of storage and
preservation facilities.

Population distribution

LandScan is a population distributionmodel that com-
bines four primary geospatial datasets that are key in-
dicators of population distribution, namely land cover,
roads, slope and night-time lights. The model is based
on best available census counts and represents an am-
bient population distribution over a 24-h period. It
does not represent residential population density but
instead estimates the average number of people en-
countered per grid cell over 24 h. This feature empha-
sizes hotspots of economic activity, which is important
to this study. The LandScanTM Global Population Da-
tabase (2002) was used because the time lag between
the 2002 release and population data fromCambodia’s
1998 population census was considered to be su⁄-
ciently short to justify the use of the two datasets in
conjunction. Moreover, the LandScanTM Global Popu-
lation Database (2002) incorporates important re¢ne-
ments over earlier versions. The IDRISI regional data
disaggregation tool was used to redistribute the com-
mune-level population averages available from the
census according to the LandScan model. This step
provided a more realistic population distribution grid
at a nominal 1km resolution. The population counts
were log-transformed (ln) in order to normalize them
over a continuous scale for better visualization (Fig.
1a) and were then classi¢ed into discrete classes of
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population density (Fig. 1b; Table 1). This grid was
overlaid (multiplied) with the WFP commune-level
poverty headcount expressed as a fraction of the po-
pulation ranging between 0 (no poor) and 1 (100%
poor).The result is a commune-level poverty distribu-
tion grid at1km resolution.

Market access

A spatial Bayesian probability model was applied to
the redistributed population counts in order to esti-
mate the likelihood of access of poor people to either
urban or rural markets. Bayesian probability theory
establishes the probability that an entity belongs to
any of a number of di¡erent classes or states. In this
case, the two states were ‘urban market access’ (Pu)
and ‘rural market access’ (Pr). The underlying as-

sumption was that the probability of encountering
more than 5000 people per km2 at anygivenmoment
is an indicator of the presence of urban centres and
markets. A probability of encountering 500^5000
people per km2 is an indicator of peri-urban centres
and was assumed to be equivalent to rural markets.
The population density at any point of origin divided
by its distance to these potential markets provided a
proxy for the accessibility of markets from that point,
expressed as the ‘interaction potential’ Vi between
that point and its nearest market. The method as-
sumes a concentration of rural population in the
proximity of rural towns and major urban centres,
implying that rural population densities are higher
in the vicinity of such centres than in areas distant
from urban centres. The basis of this approach is the
concept of social gravitation. Urban centres are re-
garded as physical masses, where the magnitude of
attraction or interaction is proportional to the popu-
lation size and inversely proportional to some form of
spatial friction (Deichmann & Eklundh 1991), in this
case market access.
For a given point i, the interaction potentialVi of its

populationwith any urban centre is therefore

Vi ¼
Xn

j¼1
POPDj= dijð Þb ð1Þ

where POPDj is the population density of market j
and dij is the distance between points i and j. The ex-

Ln(pop)(a)

SR
−2.56
−1.77
−0.97
−0.18
0.62
1.41
2.21
3.00
3.80
4.59
5.39
6.18
6.98
7.77
8.57
9.36
10.16

TS

P
KA

PV

SV
TK

SR

TS

P PV
KA

TK
SV

Inhabitants / km2

<1
1 − 10
10 − 100
100 − 500
500 − 5,000
> 5,000

(b)

Figure 1 (a) Natural logarithm of population density [ln (pop) km�2]; (b) population density redistributed into discrete
classes. KA, Kandal province; P, Phnom Penh (capital); PV, PreyVeng province; SR, Siem Reap province; SV, Svay Rieng
province;TK,Takeo province;TS,Tonle Sap lake.

Table 1 Population density (POPD) classi¢cation

ln (pop) (Fig.1a) Inhabitants km� 2 (Fig.1b) POPD class

o0 o1 Remote

0–2.30 1–10 Sparsely populated

2.30–4.61 10–100 Rural low density

4.61–6.21 100–500 Rural high density

6.21–8.52 500–5000 Peri-urban

48.52 45000 Urban
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ponent b is a distance weight that determines the
structure of the distance decay. In this study, the popu-
lation density at any point was assumed to be ‘known’.
Rather than being interested in POPDj, which is al-
ready ‘known’to be amarket on the basis of population
density, the population density POPDi at any potential
supply point i to market j was used as an indicator of
market access from that point as a function of the line-
ardistance dij.The distance decayexponent bwas set to
equal1, representing the baseline situation of ‘current’
market access. Because there is no sharp boundary be-
tween access or no access to market j fuzzy set logic
was applied to assign any given supply point i a prob-
ability between 0 and1of proximity to urban markets
(Pu) and rural markets (Pr). The probability of market
access from each point was modelled as a J-shaped
membership function under the assumption that 0
(nomarket access) is only reached at in¢nity.The inter-
action potential Vi between any point i and market j
was calculated as a function of the linear distance
(dij)

1 for urban (POPDj45000) and rural markets
(POPDj in the range 500^5000) separately (Table 2).
The membership function approached full market ac-
cess (P51) atVi 520 and poormarket access atVi 55.
The two models of interaction potential between

urban (u) and rural (r) markets and their respective
hinterlandwere used as conditional probability input
images Pu and Pr in the Bayesian probability model.
The output consists of posterior probabilities of ur-
ban vs. rural market access. Pu � 0.5 assumes urban
market access and Puo0.5, Pr40.5 assumes rural
market access. At equal posterior probabilities
(P50.5) of access to urban markets u and rural mar-
kets r, it was assumed that access to urban markets is
preferred over access to rural markets.‘No’market ac-
cess is approached at Pro0.5.

Di¡erential market access of poor producers

The Bayesian probability analysis was repeated in or-
der to simulate three alternative scenarios of access

to markets. In order to simulate di¡erential market
access of poor people, the distance exponent b, which
determines the structure of the distance decay, was
adjusted according to three di¡erent assumptions
about the e¡ect that marketing constraints would
have on their access. The ¢rst assumption was that
market access is relatively more constrained for poor
producers and consumers than for the better-o¡. Un-
der this assumption, the distance exponent b is set to
1.5 and the interaction potentialVi becomes a func-
tionof POPDi/(dij)

1.5.The second assumption explored
access to urban markets as a relatively higher con-
straint to poor producers and consumers, while ac-
cess to rural markets would be less of a constraint.
The assumption here was that rural markets are
more numerous and widespread, and thus easier to
access for poor and better-o¡ people alike. The dis-
tance exponent b was set to 1.5 for urban markets,
and lowered to 0.75 for rural markets under this as-
sumption. The third assumption was one of severe
constraints resulting in high transaction costs to the
poor, simulated by a distance exponent b equalling 2.
The absolute number of poor people (producers and
consumers) with no access, rural market access or
urban market access under the four di¡erent scenar-
ios (including the baseline assumption of a linear dis-
tance decay with no di¡erential access between the
poor and the better-o¡) was estimated using the
IDRISI extraction tool for summary statistics. On the
basis of these estimates and empirical evidence on
¢sh marketing in Cambodia, the implications of dif-
ferential market access for pro-poor aquaculture de-
velopment in Cambodia are discussed.

Results

Population and poverty distribution

The Cambodian National Institute of Statistics cal-
culated the country’s total national population at
12132172 in1998.The sumof redistributed population
counts for that year (Fig. 1a) results in a population
of 10881878, thus representing an underestimate of
about10%. The highest urban population density is in
the capital, Phnom Penh (P), and the highest rural po-
pulation densities are found in provinces in the south-
east of the country, in the vicinity of the capital. This
appears to con¢rm the hypothesis that rural popula-
tion tends to concentrate in the proximity of rural
towns and major urban centres. The distribution of
poor population re£ects the overall population distri-
bution over Cambodia, but poverty is particularly high

Table 2 Market access from supply point i (Vi � 20, exp.
b51)

POPDi (inhabitants km
� 2) Maximum distance dij tomarket

o1 No access

1–10 o0.5 km

10–100 0.5–5 km

100–500 5–25 km

500–5000 Rural market (dij 5 0)

45000 Urban market (dij 5 0)
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in SiemReap province (SR) northof Tonle Sap lake (TS),
with a second concentration of poor people in the
south-eastern provinces, particularly Prey Veng pro-
vince (PV) (Fig. 2a). Poverty in the south-eastern pro-
vinces is predominantly rural (Fig. 2b) but the context
is one of high rural population density (Fig.1b) and re-
lativelyclose proximity to PhnomPenh (P).The Capital
is relativelya¥uent, with a povertyheadcount index of
ca. 12% (Ministry of Planning, Royal Government of
Combodia, United Nations World Food Programme &
United Nations Development Program 2001).

Market access

Under the baseline scenario (a), estimated as a func-
tion of linear distance, urban market access (Vu) is

generally good in Kandal province (KA). This pro-
vince lies well within the sphere of in£uence of the
Capital, Phnom Penh (P). Isolated spots of good ur-
banmarket access are found around some larger pro-
vincial centres in the rest of the country. Overall,
urban market access is limited, with only 3% of the
country having good access under the baseline sce-
nario (Table 3; Fig. 3a). Under scenario (b), a higher
overall distance constraint for poor producers and
consumers results in a decrease in area of urban and
rural market access (Fig. 3b). Under scenario (c),
where rural market access is relatively less con-
strained for the poor thanurbanmarket access, some
of the more remote areas in the northeast of the
country shift from ‘no’access to rural market access
(Fig. 3c). Under this assumption, about two-thirds of

Ln(pov)(a) (b)

SR

TS

P PV

SV

−2.15
−1.69
−1.23
−0.77
−0.30

0.16
0.62
1.08
1.54
2.00
2.47
2.93
3.39
3.85
4.31
4.77
5.24

KA

TK

SR

TS

P PV

SV
Poor inh_ / km2

<1

1 − 10

10 − 100

100 − 500

KA

TK

Figure 2 (a) Natural logarithm of poverty density [ln (pov) km�2]; (b) poverty density redistributed into discrete classes.
KA, Kandal province; P, Phnom Penh (capital); PV, PreyVeng province; SR, Siem Reap province; SV, Svay Rieng province;
TK,Takeo province;TS,Tonle Sap lake.

Table 3 Area (%) of accessibility and number of poor (#) having ‘no’access, rural market access or urban market access
under di¡erent scenarios

Market accessibility

‘No’access Rural (Vr) Urban (Vu)

Area (%) #poor Area (%) # poor Area (%) # poor

(a) Exp. b 5 1 43.8 1 17 865 53.2 7 95 160 3.0 25 181

(b) Exp. b 5 1.5 51.0 1 69 368 47.9 8 47 295 1.1 25 181

(c) Exp. b 5 1.5 (Vu)

Exp. b 5 0.75 (Vr)

33.6 78 410 65.3 9 38 534 1.1 24 901

(d) Exp. b 5 2 56.5 2 16 430 42.9 8 12 262 0.6 13 152

The total land area of Cambodia is 176515 km2 (CIA 2010).

Aquaculture Research, 2010, 1^12 Aquaculture and scenarios of change in Cambodia M L van Brakel & L G Ross

r 2010 TheAuthors
Journal Compilationr 2010 Blackwell Publishing Ltd, Aquaculture Research, 1^12 7



the country enjoys rural market access. Access to rur-
almarkets (Vr) remains broadlygood in the south-east-
ernprovinces andaroundTonle Sap lake (TL) underall
scenarios. Evenunder (d), the‘worst case’scenario (Fig.
3d),43% of the countryhas rural market access (Table
3). Remote, thinly populated areas that are less likely
to have any market access (Puo0.5, Pro0.5) are situ-
ated predominantly in the northeast of the country.
More than half of the country has poor market access
under scenarios (b) and (d) (Table 3).

Overall, the number of poor people who enjoy ur-
ban market access varies little and remains around
25000 under the ¢rst three scenarios. Under scenar-
io (d), the number of poor people who have urban
market access decreases sharply to around 13000.
Rural market access ranges from almost 800000
poor people under (a) no di¡erential access to almost
940000 under (c) the low constraint scenario. Tak-
ing into account the10% underestimate in the popu-
lation distribution model, up to1million poor people

Market access(a) (b)

SR
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P PV

SV

‘No’ market

Rural market

Urban market

(Exp. b = 1)

KA

TK

Market access poor
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SV
TK

‘No’ market

Rural market

Urban market

(Exp. b = 1.5)

KA

Market access poor

SR
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‘No’ market

Rural market

Urban market

(Vr : Exp. b = 0.75)
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Market access poor

SR

TS

P PV
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TK

‘No’ market

Rural market

Urban market

(Exp. b = 2)

KA

(c) (d)

Figure 3 (a) General market access as a function of linear distance dij (exp. b 51); (b) market access of the poor under a
higher distance constraint (exp. b 51.5); (c) access of the poor under a lower rural market access constraint (exp. b50.75)
and (d) access of the poor under a severe distance constraint (exp. b 52).
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would enjoy rural market access under the latter sce-
nario, and around 86000 poor people have ‘no’mar-
ket access. The number of poor people without
market access increases to more than 210000 under
(d) the severe constraint scenario (Table 3).

Discussion

Cambodia is situated in one of the most rapidly evol-
ving regions of the world. Within this context of
regional change, drivers of aquaculture market
development are associated with global market inte-
gration, demographic growth and economic develop-
ment trajectories of individual countries. Scenario
analysis based on population distribution and pov-
erty headcount can help predict future ¢sh demand
and priorities for aquaculture development. The
baseline scenario suggests that the interaction po-
tential of pooraquaculture producers and consumers
with urban markets in Cambodia is currently low.
Fish marketing in Cambodia traditionally has tar-
geted larger urban markets and export supply, be-
cause ¢sh destined for these markets have a higher
market value.While urban market access is almost
certainly much higher than the 3% area that the
baseline scenario suggests, the scenarios of di¡eren-
tial access of poor people to these markets support
the notion that poor producers are at a disadvantage
both in terms of the quality and in terms of the quan-
tity of marketable ¢sh that they can deliver to urban
markets.Theyare severelyconstrained byhigh trans-
action costs and tied trade relationships. Poor consu-
mers cannot a¡ord to buy ¢sh at a highmarket value.
To put it simply, people who have access to urban
markets are less likely to be poor. There are indica-
tions that urban markets, particularly in Phnom
Penh, divert away most of the marketable ¢sh from
rural markets, reducing its local availability.Whole-
sale markets well outside urban areas but with good
transport connections to urban markets play an im-
portant role in this. The scarce availability and high
prices of ¢sh in rural markets do not re£ect the ¢sh
capture and consumption patterns of rural house-
holds. Naret, Viryak and Gri⁄ths (2003) found that
wild ¢sh species encountered in those markets came
primarily from rivers and lakes. A high proportion of
wild ¢sh is caught in rice ¢elds and consumedwithin
rural households instead of being sold. Despite this
fact, most people purchase ¢sh even when they live
in rural areas (CDRI 2008). This underlines the need
for rural market development. In contrast to their

limited access to urban markets, the results suggest
that rural market development could bene¢t high
numbers of poor people, particularly in Cambodia’s
south-eastern provinces.The numbers of poor people
whowould have access to rural markets are high un-
der all scenarios, including the baseline scenario. A
scenario that improves rural market access, ex-
pressed in lower ‘distance’ to rural markets, is likely
to create bene¢ts for up to 1 million people who are
heavily reliant on aquatic resources for their food se-
curity.
Aquaculture development is less likely to face the

constraints of the high transaction costs and frag-
mented market access that are reported for capture
¢sh trade. Because of its lower ‘distance’ constraints
related to rural market access, aquaculture is there-
fore better placed to satisfy rural market demand.
The operational costs and transaction costs of cap-
ture ¢sheries trade, including fees, tend to increase
considerably with distance (Chea & McKenney
2003a, b; Seng 2006). Seng (2006) attributes the pre-
ference of traders for exporting ¢sh caught in south-
ern Kandal province to Vietnam despite relatively
better ¢sh prices in Phnom Penh to high transporta-
tion costs of ¢sh to Phnom Penh. While poverty-
targeted aquaculture has higher potential under
improved rural market access, a number of factors
currently constrain its development. In southern
Cambodia for example, it has to compete against the
supply of large quantities of cheap cultured ¢sh from
Vietnam (J. Pant, pers. comm.).The supply infrastruc-
ture and the availability of wild ¢sh have an impor-
tant in£uence on markets for aquaculture products.
Inland ¢sh still dominates ¢sh supply in the capital,
Phnom Penh. A monitoring survey carried out in
early 2003 con¢rmed that indigenous inland ¢sh,
dominated by snakehead, comprised about 85% of
fresh ¢sh by weight sold at urban markets (Khay &
Hortle 2005). The lack of refrigeration in traditional
urban markets favours retailing of high-quality air-
breathing ¢sh, as they are able to survive with little
water and can be transported and marketed alive. In-
troduced species such as Nile tilapia and silver carp
Hypophthalmichthys molitrix (Valenciennes) made
up 1% of sales. This may be an indicator that the
urban market potential for such ¢sh, typically pro-
moted for rural aquaculture in ponds, is low (Gutt-
man & Kunty 1997; Khay & Hortle 2005). The rural
market demand for culture ¢sh also appears to de-
pend on how far natural stocks have declined in dif-
ferent situations (Edwards, Demaine, Innes-Taylor &
Turongruang,1996). Svay Rieng province, for exam-

Aquaculture Research, 2010, 1^12 Aquaculture and scenarios of change in Cambodia M L van Brakel & L G Ross

r 2010 TheAuthors
Journal Compilationr 2010 Blackwell Publishing Ltd, Aquaculture Research, 1^12 9



ple, is a net exporter of capture ¢sh during part of the
year. Most ¢sh in its district markets are larger and of
a relatively high value. A substantial amount of this
¢sh is redistributed to Phnom Penh and exported to
Vietnam. Smaller markets sell a higher proportion of
¢sh locally. The active trade of capture ¢sh generates
important cash income for poor farmers in the pro-
vince (Guttman & Kunty 1997). The potential for
aquaculture development in the provinces fringing
the Tonle Sap might be low for similar reasons, as
the capture ¢shery supported by the lake is still sub-
stantial.The available statistics appear to con¢rm the
regional variation and recent increases in the prices
of fresh ¢sh. Particularly in Kampot province, south-
west Cambodia, ¢sh prices have almost tripled since
January 2007. In April 2010, fresh ¢sh prices in this
province stood at 16000 Riels per kilo (3.83
USD), 78% higher than that in Siem Reap province.
Fresh ¢sh prices in the latter province in that
month were only 8% higher than that in January
2007 (Table 4).

The e¡ects of changes in ¢sh prices and demand on
marketaccess for the rural poorcanbe simulatedusing
the methodology presented in this study. The e¡ect of
highconsumer prices onmarket access for poorconsu-
mers, for example, can be simulated by adjusting to a
higher distance exponent b, as done under scenario
(d). The high ¢sh prices in Kampot, on the other hand,
do suggest that demand in that province currently ex-
ceeds supply, which could provide opportunities for
producers who have access to this market. The simula-
tion could be regionally di¡erentiated accordingly by
adopting a low distance coe⁄cient, similar to scenario
(c) for rural markets in and near Kampot.

Conclusion

Aquaculture can provide both a means and an end to
overcome the current market constraints in the Cam-
bodian ¢sheries sector. Because of the decline inwild
¢sh and growing market demand, aquaculture is
likely to provide an increasingly important contri-

Table 4 Consumer price index (January 20075100) for fresh ¢sh in six representative provinces, Cambodia (based on ¢sh
price data, CDRI: Flash Reports April 2008^May 2010, http://www.cdri.org.kh/£ashrep.htm)

Battambang K.Speu K.Cham Kampot Siem Reap Svay Rieng

April 2010 222 200 151 291 108 158

March 2010 213 196 144 282 108 145

February 2010 213 189 148 291 108 158

January 2010 199 200 131 255 120 145

December 2009 199 185 128 236 108 158

November 2009 189 163 148 264 120 121

October 2009 227 207 128 273 145 158

September 2009 255 185 154 291 145 158

August 2009 241 163 134 273 169 158

July 2009 232 178 128 291 169 145

June 2009 217 163 131 255 157 145

May 2009 194 163 101 273 145 158

April 2009 170 163 128 273 120 145

March 2009 170 148 102 291 102 145

February 2009 161 170 131 273 102 145

January 2009 161 156 128 273 102 133

December 2008 165 215 157 273 120 103

November 2008 284 163 138 273 145 158

October 2008 284 178 151 273 145 152

September 2008 312 207 180 282 157 158

August 2008 340 178 177 273 181 212

July 2008 202 215 177 273 145 212

June 2008 200 178 135 273 145 170

May 2008 200 178 184 273 145 158

April 2008 200 185 157 273 145 152

March 2008 196 215 131 236 120 170

February 2008 184 222 131 236 120 145

January 2008 189 207 125 218 145 121

January 2007 100 100 100 100 100 100
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bution to domestic ¢sh supplies in the foreseeable
future (Viseth & Pengbun 2005). The development of
local aquaculture capacity in or near areas where
¢sh production falls short of demand would shorten
the ¢sh marketing value chain and reduce the trans-
action costs. Moreover, it would help bu¡er both
£uctuations and regional variations in market prices
as ¢sh becomes more readily available during the
lean season and in areas located far from capture
¢sheries resources.While the initial investment and
input costs can be high, aquaculture development is
likely to reduce the transaction costs in ¢sh market-
ing because producers have greater control over
production. This enables producers to respond better
to changes in demand and be less dependent on
tied trade relationships. Fish simply can be sold at the
farm gate towholesalers when the demand and prices
are high or traded directly with local retailers in smal-
ler quantities. Culture ¢sh canalso be kept alive till it is
sold, or can even be marketed alive, which consider-
ably reduces the need for preservation and avoids as-
sociated spoilage along the marketing chain.
A plausible scenario is that ¢sh demand in Cambo-

dia will increase considerably in the foreseeable fu-
ture. The latest General Population Census and
Cambodia Socio-Economic Survey was held in 2008
(National Institute of Statistics 2009).The provisional
census results estimate the population of Cambodia
at 13388910 in 2008. The projected population for
the year 2025 is almost 19 million (U.S. Census
Bureau 2009). Recently, an independent expert
group concluded that aquaculture, including reser-
voir ¢sheries, will not be able to compensate for the
expected decline of up to 70% in capture ¢sheries
production in the region (MRC 2009). Despite that
prediction, aquaculture must increase its contribu-
tion to ¢sh supplies in order to satisfy future demand
and feed Cambodia’s burgeoning population. Initially,
signi¢cant constraints need to be overcome, particu-
larly the development of markets for aquaculture in a
still predominantly rural subsistence economy. How-
ever, with the current regional market integration,
throughout Southeast Asia, rural communities are
increasingly participating in the cash economy
(Bush 2004). Rural markets, despite being little devel-
oped, are more numerous, spatially di¡use and lo-
cated at a shorter distance to the farm gate, thus
reducing the transportation time and transaction
costs.Theyalso require relatively less volume of aqua-
culture produce, which in turn reduces the depen-
dence on tied relations between producers, traders,
distributors and retailers.Thus, aquaculture has the po-

tential of initially increasing rural food ¢sh self-su⁄-
ciency and to provide farm income diversi¢cation
through rural market development. After its initial es-
tablishment, future consolidation of Cambodia’s cur-
rently fragmented domestic market is likely to catalyse
further aquaculture development as the gap between
domestic supplyand demand of ¢shwidens.

Acknowledgments

The constructive comments of two anonymous re-
viewers are gratefully acknowledged.

References

Ahmed M. & Lorica M.H. (2002) Improving developing
country food security through aquaculture development
^ lessons from Asia. Food Policy 27,125^141.

Bush S. (2004) Scales and sales: changing social and spatial
¢sh trading networks in the Siiphandone ¢shery, Lao
PDR. SingaporeJournal ofTropical Geography 25,32^50.

CDRI. (2008) Impact on High Food Prices in Cambodia. Survey
Report, CDRI. CDRI, Phnom Penh, Cambodia.

Chea Y. & McKenney B. (2003a). Domestic ¢sh trade: a
case study of ¢sh marketing from the Great Lake to
Phnom Penh.Working Paper 29, Cambodia Development
Resource Institute.

CheaY. & McKenney B. (2003b). Fish exports from the Great
Lake toThailand: ananalysis of trade constraints, govern-
ance, and the climate for growth.Working Paper 27, Cam-
bodia Development Resource Institute.

CIA. (2010). The world factbook ^ Cambodia. Available at
https://www.cia.gov/library/publications/the-world-fact-
book/geos/CB.html (accessed 3 July 2010).

Council for Social Development. (2002). National poverty re-
duction strategy 2003 -2005. National Poverty Reduction
Strategy (NPRS) document, Royal Government of Cambo-
dia. Available at http://www.mop.gov.kh/Publications/
tabid/183/Default.aspx (accessed 21September 2010).

DeichmannU. & Eklundh L. (1991) Global Digital Datasets for
Land Degradation Studies: A GIS Approach. Nairobi: Global
Environment Monitoring System (GEMS), United Nations
Environment Programme.

DeyM.M., Bimbao G.B.,Yong L., Regaspi P., KohinoorA.H.M.,
Pongthana N. & Paraguas F.J. (2000) Current status of pro-
ductionand consumptionof tilapia in selectedAsiancoun-
tries. Aquaculture Economics &Management 4,13^31.

DFID-SEA Aquatic Resources Management Programme.
(2000). An analysis of poverty and aquatic resources use
focusing especiallyon the livelihoods of the poor in Cambo-
dia. Report No. PRAR/00/01. Bangkok, DFID-SEA ARMP.
Available at http://www.streaminitiative.org/Library/Live
lihoods/livelihoods.html (accessed 8 February 2006).

Edwards P. (1999). Aquaculture and poverty: past, present
and future prospects of impact. A Discussion Paper Pre-

Aquaculture Research, 2010, 1^12 Aquaculture and scenarios of change in Cambodia M L van Brakel & L G Ross

r 2010 TheAuthors
Journal Compilationr 2010 Blackwell Publishing Ltd, Aquaculture Research, 1^12 11

https://www.cia.gov/library/publications/the-world-factbook/geos/CB.html
https://www.cia.gov/library/publications/the-world-factbook/geos/CB.html
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
http://www.streaminitiative.org/Library/Livelihoods/livelihoods.html
http://www.streaminitiative.org/Library/Livelihoods/livelihoods.html


pared for the Fifth Fisheries Development Donor Consul-
tation, 22^24 February1999, FAO, Rome.

Edwards P., Demaine H., Innes-Taylor N. & Turongruang D.
(1996) Sustainable aquaculture for small-scale farmers: need
for a balanced model. Outlook on Agriculture 25,19^26.

FAO. (2003). Review of the state of world ¢shery resources:
inland ¢sheries. Report No. FIRI/C942, Rome, Italy.

FAO (2009) The State ofWorld Fisheries andAquaculture 2008.
Food and Agriculture Organization of the United Nations,
Rome. Available at http://www.fao.org/¢shery/so¢a/en.

Friend R.F. & Funge-Smith S.J. (2002). Focusing small-scale
aquaculture and aquatic resource management on pov-
ertyalleviation. FAO/NACA, Bangkok,Thailand. Available
at http://www.streaminitiative.org/Library/Strategies/
strategies.html (accessed 8 February 2006).

Gupta M.V., Mazid M.A., Islam M.S., Rahman M. & Hussain
M.G. (1999). Integration of aquaculture into the farming
systems of the £oodprone ecosystems of Bangladesh: an
evaluation of adoption and impact. ICLARM Technical
Report 56,32pp.

Guttman H. & Kunty R. (1997). Survey of ¢sh marketing in
SvayRieng Province, Cambodia. Available at http://www.a-
qua-information.ait.ac.th/aarmpage/documents/outreach/
workingpapers/WP-C-6.htm (accessed 30 June 2009).

Irz X., Stevenson J.R., Tanoy A., Villarante P. & Morissens P.
(2007) The equity and poverty impacts of aquaculture: in-
sights from the Philippines. Development Policy Review 25,
495^516.

KhayD.&Hortle K.G. (2005).Monitoring sales of ¢shandother
aquatic animals at retail markets in Phnom Penh, Cambo-
dia. MRC Conference Series: 6thTechnical Symposium on Me-
kong Fisheries, Pakse, Lao PDR 26^28 November 2003.

The LandScan TM Global Population Database. Oak Ridge
national laboratory, Oak Ridge, TN. Available at http://
www.ornl.gov/landscan/ (accessed 30 June 2009).

Ministry of Planning, Royal Government of Combodia, Uni-
ted NationsWorld Food Programme & United Nations De-
velopment Program. (2001). Identifying poor areas in
Cambodia combining census and socio-economic survey
data to trace the spatial dimensions of poverty, Cambodia.
Available at http://www.wfp.org/operations/vam/coun-
try_experience/cambodia_vam/index.asp?section=5&sub_
section=4 (accessed 26 September 2006).

MRC. (2009). Scoping and planning of the assessment of ba-
sin-wide development scenarios. Technical Note,Version:
3.1. Mekong River Commission Basin Development Plan
Programme, Phase 2.85pp.

Muir J. (1999). Aquaculture and poverty: full baskets or
empty promises? Perspectives from the DFIDAquaculture
Research Programme. Paper Presented at the Fifth Fish-
eries Development Donor Consultation, 22^24 February
1999, FAO, Rome. Available at http://www.one¢sh.org/
global/archive/sifar/Presentation%20Documents/Final%
20Muir.doc (accessed 26 September 2006).

Nam S. & Leap H. (2007) An evaluation of freshwater ¢sh
seed resources in Cambodia. In: Assessment of Freshwater

Fish Seed Resources for Sustainable Aquaculture. FAO Fish-
eries Technical Paper No. 501 (ed. by M.G. Bondad Reanta-
so), pp.145^170. FAO, Rome, Italy.

Naret K.,Viryak S. & Gri⁄ths D. (2003). Fish price monitoring
in Kandal, Prey Veng and Takeo Provinces of Cambodia.
MRC Fisheries Programme (FP). Available at http://www.
mekonginfo.org/mrc_en/doclib.nsf/dddacc89bda83d0f8525
6fae002a9051/b9ec48aebefbcf5d47256de3002717f7?Open
Document (accessed 30 June 2009).

National Institute of Statistics. (2009). Census 2008 provi-
sional population totals. Ministry of Planning, Cambodia.
Available at http://www.nis.gov.kh/index.php/statistics/
surveys/census2008/provisional-population-totals (acce-
ssed 30 June 2009).

Phillips M.J. (2002). Fresh water aquaculture in the lower
Mekong Basin. Report No.MRC Technical Paper No.7. Me-
kong River Commission, Phnom Penh. Available at http://
www.mrcmekong.org/download/free_download/Technical_
paper7.pdf (accessed 8 February 2006).

Phong L.T., Udo H.M.J., van Mensvoort M.E.F., Bosma R.H.,
Tri L.Q., Nhan D.K. & van der Zijpp A.J. (2008) Integrated
agriculture-agriculture systems in the Mekong Delta,
Vietnam: an analysis of recent trends. Asian Journal of
Agriculture and Development 4,51^66.

Royal Government of Cambodia. (2005). National strategic
development plan 2006^2010. Policy synthesis. Rectangular
Strategy, RoyalGovernment of Cambodia. Available at http://
www.mop.gov.kh/Publications/tabid/183/Default.aspx

Seng K. (2006). Fish export and the livelihood of the poor.
Working Paper11, Department of Fisheries, Phnom Penh,
Cambodia.

Sophal C. (2009) Impact of high food prices inCambodia. In:
Annual DevelopmentReview2008^09 (ed. by H. Jalilian),

pp. 39–64. CDRI, Phnom Penh, Cambodia. Available at

http://www.cdri.org.kh/download.htm (accessed 2 August

2010).

Sovannarith S. (2009) Impacts of rising prices on poverty in
nine study villages: some preliminary findings. In: An-
nual Development Review 2008^09 (ed. by H. Jalilian),

pp. 65–84. CDRI, Phnom Penh, Cambodia. Available at

http://www.cdri.org.kh/download.htm (accessed 2 August

2010).

Sverdrup-Jensen S. (2002). Fisheries in the lower Mekong
Basin: status and perspectives, Phnom Penh. Available
at http://www.mrcmekong.org/download/free_download/
Technical_paper6.pdf (accessed 8 February 2006).

U.S. Census Bureau. (2009). International Data Base (IDB).
Available at http://www.census.gov/ (accessed 30 June
2009).

Viseth H. & Pengbun N. (2005). An overview of aquaculture
in Cambodia.Working Paper 2, Department of Fisheries,
Phnom Penh, Cambodia.

Ward K. (2002). Macreconomic overview of the lower Me-
kong Basin. Monographs, BDP Library,Volume11, Mekong
River Commission.

Aquaculture and scenarios of change in Cambodia M L van Brakel & L G Ross Aquaculture Research, 2010, 1^12

r 2010 TheAuthors
12 Journal Compilationr 2010 Blackwell Publishing Ltd, Aquaculture Research, 1^12

http://www.fao.org/fishery/sofia/en
http://www.streaminitiative.org/Library/Strategies/strategies.html
http://www.streaminitiative.org/Library/Strategies/strategies.html
http://www.aqua-information.ait.ac.th/aarmpage/documents/outreach/workingpapers/WP-C-6.htm
http://www.aqua-information.ait.ac.th/aarmpage/documents/outreach/workingpapers/WP-C-6.htm
http://www.aqua-information.ait.ac.th/aarmpage/documents/outreach/workingpapers/WP-C-6.htm
http://www.ornl.gov/landscan/
http://www.ornl.gov/landscan/
http://www.wfp.org/operations/vam/country_experience/cambodia_vam/index.asp?section=5&sub_section=4
http://www.wfp.org/operations/vam/country_experience/cambodia_vam/index.asp?section=5&sub_section=4
http://www.wfp.org/operations/vam/country_experience/cambodia_vam/index.asp?section=5&sub_section=4
http://www.onefish.org/global/archive/sifar/Presentation%20Documents/Final%20Muir.doc
http://www.onefish.org/global/archive/sifar/Presentation%20Documents/Final%20Muir.doc
http://www.onefish.org/global/archive/sifar/Presentation%20Documents/Final%20Muir.doc
http://www.mekonginfo.org/mrc_en/doclib.nsf/dddacc89bda83d0f85256fae002a9051/b9ec48aebefbcf5d47256de3002717f7?OpenDocument
http://www.mekonginfo.org/mrc_en/doclib.nsf/dddacc89bda83d0f85256fae002a9051/b9ec48aebefbcf5d47256de3002717f7?OpenDocument
http://www.mekonginfo.org/mrc_en/doclib.nsf/dddacc89bda83d0f85256fae002a9051/b9ec48aebefbcf5d47256de3002717f7?OpenDocument
http://www.mekonginfo.org/mrc_en/doclib.nsf/dddacc89bda83d0f85256fae002a9051/b9ec48aebefbcf5d47256de3002717f7?OpenDocument
http://www.nis.gov.kh/index.php/statistics/surveys/census2008/provisional-population-totals
http://www.nis.gov.kh/index.php/statistics/surveys/census2008/provisional-population-totals
http://www.nis.gov.kh/index.php/statistics/surveys/census2008/provisional-population-totals
http://www.mrcmekong.org/download/free_download/Technical_paper7.pdf
http://www.mrcmekong.org/download/free_download/Technical_paper7.pdf
http://www.mrcmekong.org/download/free_download/Technical_paper7.pdf
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
 http://www.cdri.org.kh/download.htm
http://www.mrcmekong.org/download/free_download/Technical_paper6.pdf
http://www.mrcmekong.org/download/free_download/Technical_paper6.pdf
http://www.census.gov/
http://www.census.gov/

