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FLOODPLAIN DEVELOPMENT IN BUI RIVER DUE
TO LAND-USE CHANGE FROM 2004 TO 2015

Doan Thi Minh Thuy', Bui Xuan Dung’
L2 Trwong Pai hoc Lam nghiép

SUMMARY

Floodplains are areas adjacent to rivers or lakes that are subject to recurring inundation. Notwithstanding
floodplains play significant roles because of its multi-functions, it is impacted adversely by many factors. This
study aims to focus on the floodplain development in Bui river belonging to Hoa Binh province and Hanoi
capital regarding possible impacts due to land-use change from 2004 to 2015. The extent of floodplain was
determined by using Hydrologic Engineering Centers River Analysis System (HEC-RAS) coupled with HEC-
GeoRAS which is a useful tool in ArcGIS. Water surface profile data exported from HEC-RAS simulations
were processed by HEC-GeoRAS for floodplain mapping. The result shows that during the study period, the
total built-up area which are impervious surface including residential area, industrial zone, transportation
system and many public areas increased by 2.89% while the unused land and agricultural land decreased by
5.66% and 3.62% respectively. Although the average rainfall of four selected flood events is nearly equivalent
or even decreasing, the water surface elevation increased. The final result provides a quantitative analysis of the
correlation between percentage of total impervious area and floodplain area in Bui river basin. This study is one
of initial efforts that can be used by local administrations to develop contingency land-use plans in order to
minimize the negative influences of flood disasters.
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I. INTRODUCTION

Vietnam has 2360 rivers and canals that add
up to 220000 km in length. Only about 19%
(41900 km) is considered navigable and 7%
(15436 km) has
management (Luis C. Blancas and M.Baher El-

been placed under
Hifnawi 2014). In terms of climate conditions,
Vietnam has tropical monsoon climate that
brings frequently much of rain. Therefore,
floodplains play significant roles. Floodplains
are areas adjacent to rivers, ponds, lakes, and
oceans that are periodically flooded by lateral
different

Floodplains are

overflow at points in time.

hydrologically important,
environmentally sensitive, and ecologically
productive areas that perform many natural
functions. Although flooding naturally occurs
along every river and coastal area, floodplains
are beneficial because of storage, conveyance
and protection of water quality and recharge of
groundwater. In addition to that, it provides a
variety of habitats for fish and other animals.
The development of floodplain area may be

a threat to the water quality, the level of

storage, conveyance and could also destroy the
In the
viewpoints of economists and sociologists, the

habitat of many aquatic organisms.

dynamics of floodplain can enhance the risk of
flood hazard, especially in flooding season.
The unpredictable water level easily floods the
low areas and consequently, floodplain
development may cause severe economic
disruption and loss of human life in densely
populated region. However, floodplains are
impacted adversely by many drivers. Some
previous papers have identified the adverse
impacts of land-use change to floodplain
(Abolghasem Akbari et al., 2014; Jie Liu et al.,
2014). The dynamics of land-use in river basin
effects water cycle, flow conveyance and
infiltration processes.

Bui river is a tributary of Day river. It is 91
kilometers in length and has 1249 km2 of basin
2016). It

originates from Lam Son commune (Luong

area (Nguyen Thuy Duong,
Son district, Hoa Binh province) and flows to
Phuc Lam commune (Chuong Mi district,

Hanoi) before unifying with Day river.
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Through a long time, Bui river catchment has
experienced significant change in land use and
land cover. As a consequence, flood regime
and floodplain in Bui river also have been
impacted. However, up to now, there are no
studies on impacts of land use/cover change on
hydrological  condition and  floodplain
development in Bui river. Based on data from
2004 to 2015, this research aims to clarify

possible impacts.

II. STUDY SITE AND METHODS
2.1. Study site

The study site includes Bui river and its
basin, stretching from Lam Son commune
(Luong Son district, Hoa Binh province) to
Xuan Mai town (Chuong Mi district, Hanoi).
In detail, it belongs to seven communes/towns
including Lam Son, Tan Vinh, Nhuan Trach,
Hoa Son, Luong Son, Xuan Mai and Thuy
Xuan Tien (figure 2.1).
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Figure 2.1. Map of study site

The study site belongs to a half-mountain
half-plain area. It is characterized by low
mountains and hills and represents a transition
zone between delta and midland. Tropical
monsoon dominate the climate of the Bui river
basin. This area is known as abundant source
for natural resources including: rock, mineral,
forest...

2.2. Methods
2.2.1. Secondary data collection

Secondary data collection is the initial step
before constructing a computational model.
The required documents include: database of
land use in the study area from 2004 to 2015
Digital Elevation Model (DEM) of Bui river;
hydrometerologic data in Bui river (collected
in Lam Son station located in Bui river
upstream) and data of flow discharge and
rainfall from 2004 to 2015.
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2.2.2. Fieldworks have been chosen and investigated. The
Aiming to assess the floodplain locations are illustrated in the diagram below:
development, ten cross sections along Bui river

Flow direction
10
- Lam Son station
Upstream Downstream
|
0 10000 20000
Main channel distance (m)

Figure 2.2. Sampling diagram

Water level and water surface elevation  extracted from land-use map of Chuong My
were measured in different locations in Bui  and Luong Son districts after editing by using
River using transect and cross-sections. Map info. The process of floodplain mapping
2.2.3. Data processing is described shortly in the following diagram:

The land-use map of Bui river basin is

RAS Feature classes Hydrological data
(water discharge/water surface elevation)
Input 1
HECRAS
(Steady Flow Analysis)
Output 1
TIN model Profile of water surface
Input 2

ArcGIS, HEC-GeoRAS

Output

Floodplain map

Figure 2.3. Diagram of floodplain mapping process

III. RESULTS AND DISCUSSION 3.1.1.  Characteristics of  hydrological
3.1. Characteristics of hydrological conditions conditions in Bui river from 2004 to 2016
and land-use/cover change in Bui river basin

92 JOURNAL OF FOREST SCIENCE AND TECHNOLOGY NO. 5 -2016



Management of Forest Resources and Environment

Monthly rainfall
(mm/month)

g

L |”|-||I ”l ||| || T |l|| III- || I- I | --.|I -I.ul ||-|l|| L I | |||||" “I
100

. .ICC
3

.
=
=

Montly discharge
(mm/month)

wi

14

2004 2005 2006 2007 2008 2009

2010 2011 2012 2013 2014 2015

Figure 3.1. The response of monthly rainfall and monthly discharge

from 2004 to 2015
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Figure 3.2. Relationship between annual rainfall and runoff in Bui river
from 2004 to 2015

Flow regime in Bui river basin is divided
clearly into two seasons: rainy season and dry
season. The rainy season lasts from April to
October and represents 78% (2007) to 89%
(2004) of total annual rainfall. Dry season lasts
. The evaluated
databased shows a maximum reached monthly

from November to March

rainfall of 559.8 mm in September 2009. The
minimum monthly rainfall was 0.5 mm in
December 2009. Flooding season in Bui river
is defined to last from May to October. The
highest runoff is found in July, August and
September. Total runoff in rainy season makes
up 58.4% (2008) to 88.5% (2011) of total
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annual runoff during the evaluated period
(figure 3.1). In the same period , the maximum
annual rainfall reached 2608.1 mm recorded in
2008, while the minimum came to 810.72 mm
recorded in 2004 (figure 3.2). The runoff
coefficient within 2004 — 2015 changes from

54.0% to 57.9%. The relationship between
annual rainfall and annual runoff is shown by
the equation: y = 0.6093x — 42.176 (y is annual
runoff and x is annual rainfall). The R2=
0.9948 ~ 1 means that in reality 99.48% annual
runoff follow this equation (figure 3.3).
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Figure 3.3. Relationship between annual rainfall and runoff in Bui river
from 2004 to 2015
3.1.2. Situation of Land-use in Bui river basin from 2004 to 2016
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Figure 3.4. Land-use map in Bui river in 2005
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Figure 3.5. Land-use map in Bui river in 2010
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Figure 3.6. Land-use map in Bui river in 2014
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The fluctuation of land-use classes during
2005 - 2014 is depicted more clearly in the

—_ D Do D D
O h O h O th O

following chart:
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Figure 3.7. Fluctuation of land use classes in Bui river basin in 2005, 2010, 2014

According to the changes of land-use/cover,
the built-up areas which represent impervious
surface have been enlarged towards the main
channel of Bui river. Total impervious area
comprises many classes: residential areas,
industrial zone, transportation system and
others (cemeteries,

educational

defending areas,

areas, public services areas).
According to land-use maps of Bui river in
2005, 2010 and 2014, the percentage of total

impervious area (%TIA) in Bui basin were

=

— W SCutlines
- I Floodplain area

25.57%, 28.21% and 29.59%. It is evidently to
state that the total impervious area increased
during the evaluated period.
3.2. Floodplain characteristics in Bui river
for different flood events

Four individual flood events were selected
which all show equivalent amounts of rainfall.
ArcGIS, HECRAS and HEC-GeoRAS are
supportive softwares and tools to model
floodplain successfully.

Figure 3.8. Model of floodplain in Bui river in different flood events:
a) July 11™ 2006, b) June 21° 2010, ¢) August 23" 2012, d) September 25™ 2013
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The correlation of rainfall, floodplain and
water surface elevation in Lam Son station and

total impervious area over time is summarized
in the table below:

Table 3.1. Correlation of rainfall, water surface elevation, floodplain areas

Year

Rainfall (mm)

Water surface elevation (m)
Floodplain area (ha)

2006 2010 2012 2013
42.7 42.8 42.0 41.6
19.9 20.0 20.1 20.1
135.3 150.9 153.7 153.8

The second, third and fourth cross sections
are used to evaluate the change of floodplain

during the four different flood events.
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Figure 3.9. Fluctuation of width and water surface elevation in cross section 2,3,4

in four flood events

The accuracy assessment of modeling

floodplain is quite necessary. Therefore,

experimentally measured- and simulated
widths of ten cross sections are compared. The

relationship between measured widths and

simulated widths is shown by the equation y =
x (x is experimental width, y is simulated
width). R* = 0.8879 means that the accuracy of
this model is 88.79%.
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Figure 3.10. The relationship between experimental width and simulated width in 2016
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3.3. Evaluation of the interactions between

changes in land-use/cover, hydrological
conditions and floodplain

In order to assess the impacts of land-use
change on floodplain, this study campares four
flood events that have equivalent rainfall. The
chosen flood events took place at July 11th
2006, June 21Ist 2010, August 23rd 2012,
25th  2013.
compulsory to have land-use data of Bui river
basin in 2006, 2010, 2012 and 2013. However,

due to the lack of database, this study suggests

September Therefore, it 1is

a hypothesis based on the fluctuation trend of
land-use planning.

%TIA2006 ~ %TIAzoos =25.57

%TTAL013 = %TIA2014 = 29.59

% TIA010 < %TIA%012 = 29.00 <%TIA%013

(%TIA: Percentage of Total Impervious
Area)

This hypothesis will be used to analyze the
influences of land-use change on floodplain.

Changes in land-use can be categorized into
two types: modification and conversion.
Modification is the change of condition within

a cover type, for example, forest can become

Rainfall (mm)
IS IS IS
[ — —
o n o

ey
[
h

more scattered because of selective thinning.
In contrast, conversion is a change from one
type of land-use into another, for example,
large area of farmland gets converted to
residential area. Within Bui river basin from
2004 up to now, the most significant changes
observed are the conversion of agricultural
land and unused land into built-up area and the
expansion of forest land at the upstream area.
The total impervious area (residential area,
industrial ~ zone, transportation  system,
cemeteries, defending areas, educational areas,
public services areas) in Bui river basin has
increased significantly from 25.57% to 29.59%
from 2005 to 2014. This change directly
impacts the runoff surface because of
decreased infiltration capacity. The decrease of
water storing agricultural land intensifies the
increase of water level in the main channel.
Although the average amount of rainfall
during the four selected flood events were
nearly equivalent or even decreasing, the
mentioned reasons lead to increasing water
surface elevation in Lam Son station as well as

a growth of floodplain area (figure 3.11).
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Figure 3.11. The response of rainfall and water surface level in Lam Son station
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Figure 3.12. The relationship between percentage of total impervious area

and floodplain area in Bui river

P-value was 0.015 and smaller than 0.05 so
it had great deal in statistics. R2 is nearly 1
then the hypothesis is acceptable. From figure
3.12, it proves that the total impervious area
strongly impacts the floodplain area. In other
words, the land-use change plays significant
role in floodplain development.
3.4. Possible solutions to enhance corridor
management for sustainable development

Aiming to reduce negative impacts of flood
events in Bui river basin, this study also
provides some possible solutions to enhance
floodplain  management for sustainable
development.

Increasing the resilience of river communities

As a consequence of being dependent to
water supplies, fertile soils and flat landscape,
the amount of people living in floodplains is
predicted to increase. In order to improve the
resilience of river communities, mitigation of
actual risk should be solved through structural
solutions such as levees and flood storages.
Non-structural solutions such as flood warning
systems and regulatory measures should also
be considered.

Ecohydrology planning

The development of a long term action plan

for floodplain management requires an

appreciation of the potential of natural

floodplain  ecosystems. However, it 1is
necessary to define strategies which aim to
reduce the chance of flood events and
improving water quality. For examples:

- A growth in the mosaic character within
the catchment/basin

- Extension of ecotone buffer zones that
slow down the water run-off from a basin to
river ecosystems and further restrict the
transfer of pollutants.

- A successful application of high-qualified
technologies to increase the permeability of
river basin’s surface and to reduce its ability to
retain water over large areas (for example: the
use of partial permeable materials to water for
the construction of houses, building, etc.)

- Increasing the water retention capacity by
carrying out forestation.

- Defining a restrictive limit for residential

and economic development in  river
floodplains.
Increasing  societal  awareness  and

exchanging knowledge

By exchanging knowledge and experience

among scientists, public officials and
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representatives of  industry, business,
agriculture awareness of sustainable floodplain
management can be created. This is such an
important solution to restrain encroachment

actions that can become endanger for future

floodplain.
IV. CONCLUSION
Including research results about

effectiveness of policies on coastal mangroves
management, the following conclusions can be
drawn: The flow regime of Bui river is divided
into two seasons, the runoff coefficient
fluctuated from 54.0% to 57.9% during the
period of 2004 — 2015 and the relationship
between annual runoff and annual rainfall
follows the equation y = 0.6093x —42.176 (x is
annual rainfall, y is annual runoff) with R2 =
0.9948. The total impervious area in Bui river
basin increased according to land-use planning
from 25.57% to 29.59% while the agricultural
land and unused land decreased by 3.62% and
5.55%. Although the amount of rainfall was
equivalent, the width and the water surface
elevation increased. One could also observe
that the relationship between total impervious
area and floodplain area followed the equation
y =4.9064x + 10.47 (y is floodplain area and x
is percentage of total impervious area) with R2
= 0.97. In summary, this study is a successul
quantitative analysis about the impacts of land-
use change to floodplain development.
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ANH HUONG CUA THAY POI SU DUNG PAT
TOI HANH LANG THOAT LU SONG BUI GIAI POAN 2004 — 2015

Poan Thi Minh Thuy', Bui Xuan Diing’
"2 Trwong Pai hoc Lam nghiép

TOM TAT

Hanh lang thoat 1 1a nhitng khu vyc tiép giap v6i song hd va thuong bi ngdp lut. Mic du hanh lang thoat 1i
dong vai tro quan trong, né van bi anh huong tiéu cuc do nhiéu nguyén nhan. Nghién ciru nay nhim muyc dich
tap trung vao sy phat trién hanh lang thoat 14 trén song Bui thudc tinh Hoa Binh va thanh phé Ha N1 dudi tac
dong cua thay dbi sir dung dét tir nam 2004 dén nam 2015. Sy phét trién cta hanh lang thoét 1t dwgc danh gia
bé“mg md hinh HEC-RAS cung véi cong cu HEC-GeoRAS. Dir li€u d6 cao mat nudc xuét ra nho viéc md phéng
trong HEC-RAS dugc xir Iy bing HEC-GeoRAS dé thiét 1ap ban dd ngap lut. Két qua chi ra ring trong giai
doan nghién ctru, tdng dién tich dit xay dung 14 bé mit khong thim nude bao gdm dit &, khu cong nghiép, hé
thong giao thong va cac khu vuc cong cong ting 2.89%, trong d6 dién tich dat chwa sir dung va dat néng nghiép
giam lan lugt 5.66% va 3.62%. Mac du luong mua trong bdén tran 1 dugc lya chon la twong duong nhau hodc
¢6 xu hudng giam, d6 cao mit nudc c6 xu hudng ting 1én. Nghién ctru da cung cap mot phan tich dinh lugng
vé mbi twrong quan giita ty 1é phan trim cua téng dién tich khong thdm nude va dién tich hanh lang thoat 1i &
luu vuc song Bui. Nghién ciru nay 1a mot trong nhitng nd lyc ban dau gitup chinh quyén dia phuong xay dung
ké hoach str dung dét du phong dé giam thiéu t6i da nhitng anh hudng tiéu cuc cua thién tai 1 lut.

Tir khéa: L, lut, song Buii, thay di sir dung dit, tong dién tich khéng thAm nuéc.
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