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Executive Summary

Despite some of the present advantages of the inundations, Cambodia is seen as one of the
most hazard-prone countries in Southeast-Asia (UNDP, 2014). With the future socio-economic
developments in the Lower Mekong Basin countries and Cambodia in particular, having an
economy that is undergoing rapid growth and transformation, flood impacts i such as the
historical 2000 and 2011 floods - and their resulting damages will increase. Cambodia is
expected to almost double its number of inhabitants towards 2060, resulting in an even further
increasing flood exposure for the Cambodian population.

With expected higher peak discharges due to climate change in the future, the effects may be
even worse.

So far, many studies have been carried out to model the effect of climate change scenarios
with respect to future floods. Climate change has a significant impact on the future floods (Milly
et al. 2002), but on smaller time scales predominantly socio-economic developments together
with its accompanying land use change determine the changing, mostly increasing, flood
vulnerability of a country.

In task 3 of the Flood Management and Mitigation Programme (MRC, 2015), three future 2060
scenarios were formulated (A, B and C) for the floodplain of Cambodia. Scenario A and B are

so called O6business as wusual 6 scenarios Wwi

world economy. In scenario B will, due to the large increase of people, and relatively high
number of poor people, the vulnerability at household level be highest. This scenario has the
largest absolute number of people exposed to floods and number of vulnerable households,
defined as households that are losing a significant part of their assets due to floods. Scenario
C on the other hand also takes place in a fast growing world economy i and so does scenario
A -, but this scenario distinguishes itself from scenario A and B by its flood adaptation and
mitigation.

In this research these scenarios will be used in a quantitative assessment to identify current
and future flood impacts for Cambodia with the use of the Delft-FIAT model, predominantly
taking into account socio-economic developments in the Mekong floodplain.

The studied socio-economic parameters are: demographic trends, economics, housing and
infrastructure. And as a commencement a small assessment was done on both poverty and
flood protections.

The results of this research are only intended to be used in relative terms and thus to compare
different years and scenarios with each other.

The economic damage as a result of floods has increased in the past years and will do so
towards the future. The impacts of the 2000 and the 2011 floods in Cambodia have shown an
increasing trend in economic damage and the same trend is visible in the model results
between 1998 and 2013. Towards 2060 the economic damage will further rise as a result of
socio-economic developments within Cambodia. However, the impact is different for the three
scenarios and scenario A reveals by far the highest economic damages. Scenario C results in
lower economic damages and so will scenario B.

When looking at the number of affected population, there is an increasing trend in absolute
terms. However, in relative terms and when comparing the different scenarios, the percentage
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of flood affected people in the 2060 scenarios A and B is not that much deviating from current
years, with scenario A and B having just a slightly higher percentage of flood affected people.
Scenario C on the other hand results in the lowest percentage of affected people when
compared to not only scenario A and B, but also current years.

Combining all of these results, scenario C may be seen as the most beneficial scenario for
Cambodia. It is a scenario in an advantageous world economy 1 so is scenario A too -, which
is of course desired, but together with the model results it is made clear that Cambodia is less
impacted by future floods than in scenario A and B. Especially when this scenario is
implemented together with flood protections, both the number of affected people and the total
economic damage will be lower than for scenario A and B.

Moreover, the World Bank (Hallegatte et al., 2016) concluded that on the average more poor

people are flood impacted. The expectation that the poorest people are most affected by floods
did also result from the model and this may be seen as a fair starting point for further research.

ii Analyzing future flood risks in Cambodia
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1 Introduction

Cambodia has al ways been used to yearly floods
by having an enormous area of rice fields and
productive fisheries, located within the system of the Tonle Sap Lake. In 2006, the total
harvested rice area was 2.4 million ha, of which 2.1 million ha in the wet season and 0.3 million

ha in the dry season (MAFF, 2006). Great parts of these rice fields are flood dependent,
particularly floating and recession rice types. The floods serve as a source of moisture and

what is left behind after multiple floods is a fertile soil. From the perspective of the fisheries,

flooding attributes to the high fish production in the Basin, given that areas flooded during part

of the year can produce much more fish than permanent water bodies of the same size (Jensen,

2001). With a GDP share in the agricultural sector of 33.6% (The World Bank, 2015) of which

6.4% is due to the fisheries (They K., 2014), it is clear that Cambodia is dependent on the yearly
inundations by the Mekong River.

Located central in Cambodia is the Tonle Sap Lake, which is known for its remarkable
connection with the Mekong River. Tonle Sap is connected with the Mekong River through the
120 km Tonle Sap River with the confluence of the two rivers near the Cambodian capital
Phnom Penh. In the dry season, the lake releases a major part of its volume to the Mekong
River, but in the wet season, from May to October, the high discharge of the Mekong River
results in a reverse of the stream in the Tonle Sap River, which is a unique phenomenon for a
river of this size (Keskinen et al., 2013). This reverse of the river stream in the wet season leads
to a rise in the average surface area of the lake from around 3,000 km? during the dry season
to a maximum of up to 14,500 km? in the wet season (MRC/WUP-FIN, 2007). Those natural
floods of the Tonle Sap Lake make its environment very suitable for the agricultural sector, with
particular rice paddies and fisheries in it.

However, this is a regular situation; a situation with a regular monsoon in Cambodia from May
to October and in which the Mekong discharge rises from its lowest value at the end of March,
just above 1,000 cubic meters per second, until its maximum around September i October of
12,000 cubic meters per second (MRC, 2009) or even 45,000 cubic meters per second at
Phnom Penh (De Bruijn, 2005). Unfortunately this regular situation is unstable, with many years
of disastrous floods, such as 2000, 2011 and 2013. These floods cause enormous damages
and many people are affected, since the greatest part of the Cambodian population lives in the
floodplain of the Mekong River. Between 1996 and 2013 1,087 people died from floods, and
flooding is thereby the number-one killer of the natural disasters in Cambodia (NCDM & UNDP,
2014).

With the future socio-economic developments in the Lower Mekong Basin countries (see Figure
1 for a map of the Lower Mekong Basin countries) and Cambodia in particular, having an
economy that is undergoing rapid growth and transformation, the flood impacts and their
resulting damages will increase. Cambodia is expected to almost double its number of
inhabitants towards 2060, making Cambodia much more vulnerable to floods in the future
compared to today.

With expected higher peak discharges due to climate change in the future, the effects may be
even worse.

Thus, despite some of the present advantages of the inundations, Cambodia is seen as one of
the most hazard-prone countries in Southeast-Asia (UNDP, 2014).

2 of 64 Analyzing future flood risks in Cambodia
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The Lower Mekong Basin countries

THATLAND

Legend

: Deltares, Date: January 11th 2016
Flood extent of September 21th 2011 Cl Natural lakes D Cambodia E Thailand | |Unit: Meter, System: UTM, Zone 48, Datum: WGS 84

i - Based on Natural Earth datasets and Mekong River Commission Flood extent,
e g Rvegy j Laos D Vietnam | - |Basemap: Topographic map Esri et al.

Figure 1: The Lower Mekong Basin countries. Left: overview of the countries. Right: Flood extent of the 2011 flood,
source flood extent: Mekong River Commission.
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2 Problem definition

So far, many studies have been carried out to model the effect of climate change scenarios
with respect to future floods. Climate change has a significant impact on the future floods (Milly
et al. 2002), but on smaller time scales predominantly socio-economic developments together
with its accompanying land use change determine the changing, mostly increasing, flood
vulnerability of a country. The impact of the 2000 and 2011 floods in the Lower Mekong Basin
are a good example of these rapidly transforming economies and their resulting increase in
flood vulnerability. While the flood protection had increased after the 2000 flood, the population
and economic growth made the impact in terms of damages and losses still significantly greater
in 2011 than in 2000 (see Figure 2 for an example). See also chapter 4 for a more complete
analysis of the 2000 en 2011 floods.

150000 |

120000 _|

oo _|

S0000

0030

1387 1949 o 2003 2005 FL (111 a0l
Figure 2: Trend of damage to national/provincial roads due to floods in Cambodia. Source: Mekong River
Commission.

Hence in many studies the future flood risks are examined based on climate change scenarios
leading to increasing flood hazards. However, in this research the future flood risks are
examined based on increasing exposure and vulnerability as a result of future socio-economic

developments in Cambodia.

Vulnerability-
Coping capacity

Figure 3: Intersection of hazard, exposure and vulnerability yields the risk. Climate change results in hazards, while
socio-economic changes result in increasing exposure and vulnerability. Based on: Reese & Schmidt, 2008.
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Figure 3 gives a clear view at the intersection of hazards - leaded by climate change -, exposure
and vulnerability i both leaded by socio-economic developments -, that yields the flood risk.

This research is a supplementary assessment of current and future flood impacts in Cambodia
taking into account different future floodplain developments until 2060. In task 3 of the Flood
Management and Mitigation Programme for the Mekong River Commission, a formulation has
been made of future floodplain development scenarios for 2060, encompassing: population
growth, increase in standard of living, changes to land use and new floodplain infrastructure
developments for different floodplains in Thailand and Lao PDR, as well as for trans boundary
floodplain in Cambodia and Viet Nam. For each floodplain, four scenarios were formulated with
local experts, scenario A-D (MRC, 2015), see Figure 2.

Current &

historic
floodplain
development
trends

Fost global economic
° - °

Scenario A
business as

Alternative

Scenario C
usual

Adaptive land
and water use
policies

Business as

usual
developments

Scenario B

LUGGELS
Scenario D

business as
usual

Moderate global economic
growth
é Assessment matrix

Key 2 SO R Scenario
indica | . > approach
tors & alignment
A floodplain areas

Figure 4: Developed scenarios in task 3 to analyse possible futures in the Lower Mekong Basin. In scenario A and
B the development is more or less based on the continuation of the usual policies, 'Business as usual'.
Scenarios C and D assume successful implementation of adjusted policies to mitigate negative impacts of A
and B and to seize opportunities for a more prosperous development. Source of text and figure: FMMP task
3, MRC, 2015.

The indicated numbers in Figure 4 are briefly explained below with the use of the task 3

description of this figure (MRC, 2015):

1. The current and historic developments in the floodplain are the starting point of the
scenarios and thus the future developments.

2. Two scenarios are developed based on the existing trends and developments leading to
future development without a radical change in policies. These are scenarios A and B,

6t he b+asuisnueasls scenari oso, whi ch are extr eme
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current policies under respectively high and low economic circumstances. Hence,
scenario A is the continuation of current policies with high overall global economic growth,
while scenario B is based on an overall low global economic advancement. In Table 1
some aspects and assumptions of scenarios A and B are stated:

Table 1: Aspects and assumption of scenario A and B. Source: [1] The World Bank, 2015. [2] Ministry of Planning,

3.

4.

2014. Further assumptions are based on task 3 of the FMMP. See also Appendix 1: Scenario estimations.

Present Scenario A Scenario B
Population (million 15.7% 20 28
people)
Urbanization 21%* 55% 30%
GDP Growth 7%* 4-7% 2-4%
Inequality Very high inequality: Moderate inequality

wealthy cities,
abandoned rural area

Poverty 30,4%? Overall decrease, but | High
high inequality

After point 1 and 2 a more thorough assessment is done in the assessment matrix,
examining the expected future issues and/or opportunities within these scenarios.

Based on this assessment, alternative development trajectories (scenarios C and D) are
developed. Both scenarios take into account a more adaptive approach of the water
system, while dealing with respectively a high and a low economic growth until 2060 (see
Table 2).

Table 2: Aspects and assumption of scenario C and D. Source: [1] The World Bank, 2015. [2] Ministry of Planning,

5.

2014. Further assumptions are based on task 3 of the FMMP. See also Appendix 1: Scenario estimations.

Present Scenario C Scenario D
Population (million 15.71 20 28
people)
Urbanization 21%! 55% 30%
GDP Growth 7%* 4-7% 2-4%
Inequality High inequality Moderate inequality
Poverty 30,4%? Overall decrease Moderate

Alignment of the scenario planning methodology of the floodplain areas. A complicated
factor here will be the comparison of inter-related development pathways across the four
floodplains: e.g. upstream irrigation or hydropower developments may influence
downstream floodplains. Hence the pathways need to be established for the four
floodplains as a whole in order to have optimal developments across the floodplains,
taking into account political boundaries and the national priorities of the Mekong Basin
countries.

In task 3, scenarios A, B and C were formulated for the floodplain of Cambodia. Scenario D

was not further analysed with the different experts. In this research these scenarios will be

used in a quantitative assessment to identify current and future flood impacts for Cambodia.

The goal of this research is: to quantify, with the use of the Delft-FIAT model, possible future
flood damages and losses in Cambodia, taking into account the future development
scenarios.
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As a reference, the 2000 and 2011 floods have been used, because of their severity. The
flood extent of 2006 was used as a representative of a more regular flooding in Cambodia.
Finally, since this research focusses on the 2060 future scenarios, a possible 2060 flood with
climate scenarioRCP6of t he ESM2M model as developed
Dynamics Laboratory is used as well.

To quantify the scenarios at district level, data of 1998 and 2013 were used and extrapolated
to 2060, taking into account the different scenario assumptions.
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Flood risk assessment framework

Key socio-economic sectors included in analysis

Floods can be a threat for the population and the economy, but they can also benefit from it.

De Bruijn (2005) stated: iRegul ar fl oods wuswually bring benefi
case of regular normal floods, the local economy and ecology are well adapted to the 'flood

pulse'. In regularly flooded inhabited areas agriculture is often important. Agriculture not only

uses water but may also benefit from the nutrients in the sediments that are deposited during

floods. Furthermo r e , "normal 6 floods also help preserve
they may increase the biodiversity of floodplains and replenish lakes and ponds, which in turn,

support irrigation or fish farming. Other possible advantages of floods are the recharge of

shallow aquifers that supply households with drinking water and the flushing of salt from the

surface of areas thereby increasing soil fertility, e.g. by the forming of good soils or by giving

the drainage for rice paddies. 0

With 46% of the Cambodian population living in the floodplain (They K., 2014) there clearly
must be interconnectivity between socio-economic factors, land use and floods. This also forms
a risk for the country, because those 46% of the population is - besides taking advantage of
the floodplain or having at least a reason to live there from a socio-economic perspective -
vulnerable to floods. With non-regular, disastrous floods serious damage and losses will take
place both in absolute terms, e.g. damage in US $, and in relative terms, e.g. percentage of
(poor) people affected.

To quantify the impact of current and future floods in Cambodia socio-economic and land use
parameters are, as described below, used together with water depths of flood maps and
damage functions, which are combined in Delft-FIAT. A description of the use of Delft-FIAT in
the quantification of the flood impact is described at the end of this chapter.

The following socio-economic and land use-related parameters are taken into account:
population, economy, households, infrastructure, poverty and current land use (particular
agricultural fields). Additional parameters could be considered, however currently fall out of the
scope of this assignment, due to time constraints. This would however be interesting to explore
in future research, though taking into account that additional parameters can also result in
unwanted correlation between the parameters.

Below the different parameters are briefly introduced, including their implementation in Delft-
FIAT are described.

In this research other climate related hazards (e.g. droughts) are not taken into account. In
particular climate scenarios have great impact on floods (Milly et al. 2002) and that has again
its impact on land use and socio-economic factors. However, only the RCP 6.5 climate scenario
will be used in this research. It would be interesting to amplify this research with other climate
scenarios in future research.

Upstream developments, such as developments of large scaled damns or irrigation projects
are not taken into account. Also indirect impacts of floods, such as business disruptions outside
the floodplain, are not part of this research, but are recommended for further research.
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Demographic trends

Migration trends

Important is the fact that Cambodia
currently i s t he
urbanizing country with an 8.4% rate of e
urbanization annually (The World
Bank, 2015). While their rate of
urbanization is high, their level of
urbanization is still low with 21% at this
moment (The World Bank, 2016). In
the CRUMP project of the Cambodian
Ministry of Planning in 2012, outofprovince
destinations of rural migrants in the 5
rural districts of Cambodia were Same province_/  Non-Phnom Penh
examined, see Figure 5. Most of the s 6.2%
migration focuses clearly on the cities,
which shows the high urbanization rate
of Cambodia. Phnom Penh is by far the
most important destination of rural migrants in comparison with the other Cambodian cities.
Thus the largest part of the rural migrations may be expected to have Phnom Pehn as their
destination. Below, in Figure 6 the ratio urban-rural per province can be found. As can be seen,
the province of Phnom Penh has by far the highest urbanization level followed by the province

of Preah Sihanouk.

Phnom Penh
50.4%

Figure 5: Destination of rural migrants on rural district basis.
Source: The CRUMP project, Ministry of Planning

Ratio rural - urban population in 2008 for the Cambodian provinces
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Figure 6: The ratio rural - urban for the 2008 population of the Cambodian provinces.

Demography

Not only in terms of migrations, but also the total population of Cambodia is still rapidly growing
(The World Bank, 2015) and is expected to continue growing to 2060 (They K., 2014), although
the growth rate will differ, depending on different scenarios. As mentioned previously, the
assumptions that were formulated for the Task 3 future floodplain scenarios are used and
analysed. Within scenario A and C, it is assumed that Cambodia increases to 20 million people
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in 2060 (and high urbanization), and to 28 million people by 2060 in scenario B and D. These
assumptions are in line with the UN population prospects, which give similar figures for the high
and low variant, see also Figure 7.

40

35 A

30

25 A

20 =—=High variant

Medium variant

15 Low variant

Total population (million)

10 4

PO HF P FPPPHFPPHSEL P H.S
N T A DT AR AT DT DT AR AR DT DT Y

Figure 7: Population prospects until 2100 for Cambodia. Source: MRC, 2015 and UN Population Prospects.

In scenario A, the main growth is expected in and around the Phnom Penh area, as well as in
the provinceof Kandal . Thi s scenari o represents a &ionti ntu
combination with high global economic growth. In scenario B, global economic growth has
lagged behind, which has also led to a lower economic growth of Cambodia and inherent slower
declining fertility rates. This results in higher population growth compared to scenario A. Due
to the slower economic growth, the pace of urbanisation is also lower, leading to a higher
spread of the overpopulation in rural areas. In Scenario C, a scenario similar to scenario A, the
global economic conditions are favourable; however, more successful adaptation policies have
redirected economic developments and population growth outside the floodplain, mostly
between Phnom Penh and Sihanoukville. As scenario D was not covered in Task 3, it is not
considered in this analysis.

The expected number of inhabitants per district was gathered from the National Institute of
Statistics (2014) and the Commune Data Base (2013) for 1998 and 2013, and was extrapolated
to 2060, taking into account the scenario assumptions of population growth, urbanization and
economic growth for the different 2060 scenarios. The used calculations can be found in
Appendix 3: Estimation of the parameters. The amount of inhabitants per district will be used
to model the total affected people by a certain flood with Delft-FIAT, but has also an important
connection with poverty, GDP, households and land use, which are other model parameters.
In Figure 8 the population densities for 1998, 2013 and the 2060 scenarios are displayed.
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Population Density Cambodia 1998 Population Density Cambodia 2013
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Figure 8: Population densities of Cambodia for 1998, 2013 and the future 2060 scenarios. Source: National Institute
of Statistics, 2014 & Commune Database, 2013.

In literature a damage function for the flood affected population is not available. In fact, it is
even questionable from of what moment or water depth an inhabitant is affected by a certain
flooding. This could depend on the water depth, but is could also depend on the flood duration
and the flow velocity.

To make at least an estimation the damage function will be modelled in this research based on
a simple damage function, which states that: below 0.30 meter of water depth, there will not be
damage to the GDP in a certain grid cell, while at or above 0.30 meter of water depth the
damage to the GDP will be maximal for a certain grid cell.
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