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Abstract: Viet Nam is among the naBons most severely aTected by climate change. In a recent eTort
to respond to the adverse eTects of climate change on urban Nooding, the Technical Support Unit (TSU),
EN BLE-Belgian Development gency, the Viet Nam InsOtute of Meteorology, Hydrology and
Climate Change, and other instutes have studied the impacts of climate change on urban Nooding in the
provinces of Ha Tinh, Ninh Thuan, and Binh Thuan. Through diTerent studies, climate change impacts on urban
Nooding have been determined. These three studies provide a generic framework to determine climate
change impacts on urban Nooding. Firstly downscaling of climate change scenarios is used to determine
climate variables within each region. Hydrological and hydraulics models are then ublize to drive the
simula®on of the rainfall-runoT process as well as the response of water level during Nood events. Based on
the modelling, structural and non-structural measures are proposed to reduce the impacts of Nooding. In an
addional eTort, Nood warning systems would also be installed to provide 8mely warning to the authories
as well as the people. The generic framework has been agreed through consultadon workshops as well as
training workshops from ugust 2018 to March 2019.
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1. Introduction

Climate change is considered as an
unprecedented global environmental
challenge [7]. The impacts of climate
change is felt in the changes in climate
variables such as temperature, precipitadon,
humidity, etc. Climate change also leads to
changes in climate extreme events such as
heavy rain and Nooding [1]. This is important
because Nooding is a dangerous hazard.

Flooding in the context of climate change
is especially dangerous and damaging in
urban areas. Urban drainage system have been
constructed with conveyance capacifes for
extreme rainfall events at a desired frequency
to prevent urban Nooding. However, the design
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of urban drainage systems is 0Oen based on
historical precipitabon staBsbcs and return
periods, without considering the
potenBal changes in precipitabon due to
climate change [11]. Climate change leads
to increased risks of urban Nooding due to
the increase of heavy rain and river Noods as
well as the limited capacity of urban drainage
systems.

The study of climate change, extreme
precipitabon, and its relaBon to wurban
Nooding have been well explored both in the
past and more recently. Ashley et al. (2005)
showed that Nooding risks in four UK
catchments could increase by up to 30 6mes
in 2080 as compared to the year 2000, and
eTecObve adaptabon measures are required to
cope with the increased risk. Zhou et al. (2018)
studied the impacts of climate change on
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urban Nood volumes in northern China with an
in-depth assessment of the etects of both
climate change mi6gabon and adaptaGon on
urban Nooding. Miller and Hutchins (2017)
studied the impacts of climate change on
urban Nuvial Nooding for the United Kingdom
and concluded that there is medium-high
conjdence showing increased risks of
Nooding. Kang et al. (2016) assessed the impacts
of climate change and predicted the scale of
poten6al future Nood damage for the urban
area of Gyeyang-gu, Incheon, Korea. Kaspersen
and Halsnaes (2017) described an integrated
framework and tool, the Danish Integrated
Assessment System (DIAS) to address urban
Nooding during extreme precipitaon as a
consequence of climate change.

One important feature in assessing and
determining Nooding due to climate change
is the ability to properly translate the
changes in climate variables into urban Nooding
levels. This includes the downscaling of climate
change scenarios, hydrological modelling to
determine river Now as a result of increased
rainfall, and hydraulics modelling to determine
water drainage by urban drainage systems. A
search in the literature provided a wide range
of approaches.

This paper provides a generic framework of
downscaling climate change scenarios, applying
hydrological and hydraulics model to determine
the level of urban Nooding at the local level.
The work has been applied successfully at 3
locaBons in Viet Nam namely urban
areas in Ha Tinh, Ninh Thuan, and Binh Thuan
provinces as part of the “Integrated Water
Resources Management and Urban
Development in Relabon to Climate Change
in Binh Thuan, Ninh Thuan and Ha Tinh”
project funded by Enabel, the Belgian
Development Agency. As part of the project,
consultaBon workshop and training workshop
on the methodology were also carried out with
posiove results.

2. Climate Change Scenario Development

In the FiOh ssessment Report ( R5), IPCC
adopted the Benchmark Emissions Scenarios
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approach and Representabve ConcentraBon
Pathways (RCPs) of greenhouse gas (GHG)
in the atmosphere. The RCPs emphasise the
concentrabon  of gasses instead  of
emission processes. In other words, the RCP
assume the target level of GHG concentraBons,
providing a range of op©ons for socio-economic
development that would lead to that
concentrabon. To simulate the eTects of
these emissions levels or scenarios, Global
Circulaon Models (GCMs) are used. These
models simulates physical, chemical,
biological processes that occur in the
atmosphere through approximaons. GCMs
have relaBvely coarse spaBal resolubon
(200-300km? per grid). Therefore, in order to
ublize the results from GCMs, downscaling is
required. The process of downscaling should
adhere to that procedure used by the Viet
Nam Ins6tute of Meteorology, Hydrology, and
Climate Change in producing the okcial Climate
Change and Sea Level Rise Scenario for Viet
Nam (Figure 1).

The changes in climate variables is
compared with the baseline period of
1986-2005. The change in temperature is thus
expressed as:

ATfuture = T*future -T* 1986-2005 (1)
While the change in precipitabon is
expressed as:
_R1*986—2005

(&

future

AR, .= )*100 (2)

future .
R1986—2005

Of which: AT = = Changes of future
temperature compared to the baseline

period (°C), T". =Tempertureinthe future (°C),

future

T = Average temperature of the baseline

1986-2005

period (1986-2005) (°C), AR . = Changes of
future rainfall as compared to the baseline
period (%), R, . = Future rainfall (mm),
(R* gs5000s = Average rainfall of the baseline
period (1986-2005) (mm).

The advantage of a dynamic model is
the ability to simulate physical and chemical
processes in the atmosphere, thus, the
results are highly logical. However, the
disadvantage of the model includes the

limitaBon of simuladng local climate since there




is limited informa®on from the input. Inaddidon,
each model has systema©c errors. Therefore,
the result of the model needs to be calibrated
based on observed data to reNect local
condiBons and reduce errors.

Quan6le mapping is used to adjust

daily rainfall values based on historical data.
For each percen6le of the result ©me series,
a separate transfer funcbon is developed to
eliminate the errors in the model so that
calculated results closely match observed data
in this percen®le.

i 4

%
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Figure 1. Dynamical downscaling procedure
(source: Viet Nam InsBtute of Meteorology, Hydrology and Climate Change)
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Figure 2. Rainfall cumula®ve distribubon (red: observed, blue: simulated)

Figure 2 (x axis is the rainfall [mm)]) illustrates
the CumulaBve Distribubon Funcéon (CDF)
of the simulated and observed datasets. It is
indicated that the number of wet days with
daily rainfall is much higher than in reality,
however, the amount of rainfall in these days
is not signijcant. This method is applied to
match CDF of a simulated dataset to CDF of the
observed data in order to solve the menBoned

error following 2 main steps below:

- Wet day frequency correcoon;

- Matching CDF of simulated dataset to CDF
of the observed one.

This method can be described in more detail,
as follows:

- It is assumed that theore©cal gamma
distribubon can be }JZed into observed and
simulated daily rainfall datasets. Thus, the

JOURNAL OF CLIMATE CHANGE SCIENCE || 3
NO.9-2019 | m—




correcéon can be implemented based on
gamma theory. The Probability Density
Funcbon (PDF) of gamma can be expressed
by the following equabon:

1
BT (a)
The CDF can be found using the following
equadon:
CDF : F

PDF : f(x)= x* e’ (3)

If t)dt (4)

Where a and B are shape and scale
parameters, respecOvely. These parameters
can be computed using Equadon (5) with the
mean and standard deviaBon determined from
the data series:

- 2
Ej ﬂ—T (5)

- Both two datasets are divided into 2 parts:
i) the ] rst part consists of values, which are less
than the 99 percen6le of the corresponding
dataset; and ii) the second part is the rest of this
dataset, which are equal or greater than 99%
percenBle.

- To do frequency correcoon (the
number of rainy day) for the simulated dataset,
a threshold must be deJned to truncate
several values. Firstly, = non-exceedance
probability of 0.1 mm rainfall is
calculated in the simulated dataset. Secondly,
the threshold is obtained by taking the
inverse of this probability using the shape and
scale parameter of the observed dataset. Every
model value, which is less than this threshold,
should be truncated.

Threshold

=-[-1

- u,B-gcm( (a,3-Obs (0.1mm)) (6)

- Shape and scale parameters of truncated
simulated dataset are computed again.

- The non-exceedance probability of all
values in simulated dataset is calculated
using new shape and scale parameters from
previous step. And then, adjusted model values

are derived from getng the inverse of

corresponding probability using shape and
scale parameters of observed dataset. This
step is conducted discretely for two parts of
dataset.
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xZase = Fobv |:E>aqe (xRCMbm ):| (7)

For other periods in the future, the same
procedure is applied but the rain correcon
values are obtained by mulGple rain correcéon
values with scale factor. The scaling factor is

expressed in:
-1
F;bs [Ffut(xﬁlt) }

-1
F;yase |:Ffuz(xfu, ) j|

CalibraBon of temperature result is based on
percenBle (daily average, maximum, minimum
temperatures)

+ Develop a cumulaGve distribuon
funcBon for the observed temperature series

as well as simulated temperature for the
baseline and future periods

+ t each percenBle, adjust the
calculated temperature from the model based
on observed temperature. The transfer funcon
is de) ned as:

P=0+gA+fA (9

'xfut = xfut * (8)

Of which: i = it" percen®le from the observed
and simulated temperature, O = observed
temperature, P = temperature in_the model
aOer calibraBon, gissetto1, A= S —-S. with
S: and S correspond to uncahbrated
average temperature for future and baseline
period, A, = S -8, —Awith S, and S being
uncahbrated temperature for future and
baseline period in the ith percendle
respecovely.

f:& (10)

Oy

Of which: o, and o  are the standard
deviabon of the observed and simulated
temperature in the baseline period respecovely.

3. Sea Level Rise Scenario Development

In terms of the sea level rise scenarios,
the calculaBon procedure and component
should adhere to that of the Viet Nam Climate
Change and Sea Level Rise Scenario (Table 1).
Total sea level rise, thus, is the sum of all
contribuéng factors, including: (i) thermal




expansion, (i) Glaciers SMB, (iii) Greenland SMB,
(iv) Greenland dynamic, (v) ntarcGca SMB, (vi)

Isometeric.
Table 1. Sea level rise scenario components

ntarcca dynamics, (vii) Land water, and (viii)

No. Contributor Method Data
1 | Thermal expansion | Determined from sea level rise component due to| OGCM models
and dynamics global average temperature expansion (zostoga) and
sea level rise due to dynamics (zos) from OGCM. These
components are calibrated prior linear interpoladon for
Viet Nam’s sea region using IPCC’s method.
2 | Glacier SMB Interpolated for Viet Nam’s sea region using the method | From  “glaciers"
prescribed in Slangen (2014) from average global data | component in
IPCC’s database
3 | Greenland SMB Interpolated for Viet Nam’s sea region using the method | From "greensmb"
prescribed in Slangen (2014) from average global data | component in
IPCC’s database.
4 ntarcbca SMB Interpolated for Viet Nam’s sea region using the method | From "antsmb"
prescribed in Slangen (2014) from average global data | component from
IPCC’s databse.
5 | Greenland Interpolated for Viet Nam’s sea region using the method | From "greendyn"
dynamics prescribed in Slangen (2014) from average global data | component in
IPCC’s database.
6 ntarcOca Interpolated for Viet Nam’s sea region using the method | From "antdyn"
dynamics prescribed in Slangen (2014) from average global data. | component in
IPCC’s database.
7 | Land water Interpolated for Viet Nam'’s sea region using the method | From "landwater"
prescribed in Slangen (2014) from average global data | in IPCC’s database.
8 | Isometeric Output from ICE5G model, inlcuding surface change rate | From ICE5G
geoid, ver6cal movement rate. [8].
Available data: Climate change scenarios :
Rain, temperature, evaporation, flow, etc. Temperature, precipitation, IDF
Input data

Hydrological model

URBAN DRAINAGE

y
| HYDROLOGICALMODEL |
MODEL

Drainage
pattern model

Reservoir model

Output hydrological model

Input hydraulic model
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Figure 3. Overall methodology to determine the impacts of climate change on urban Nooding
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4. Modelling Approach

The overall modelling approach to
determining climate change impacts on
urban Nooding is shown in Figure 3. The
assessment should start with meteorological
and hydrological input data, and climate
change data (changes in temperature,
precipitabon). The input is fed into
hydrological model including reservoirs as well
as an urban drainage model. The output from
the hydrological simulaon is then the input
into a hydraulic model. The output from the
hydraulic model is the Now and Nood in the river.

Input data for hydrological and hydraulics
model include: elevabon data; hydrological
and meteorological data; water level; Now; and
climate change scenarios. Climate change data
will be used to calculate future climate change
scenarios. The factors used to model input data
for climate change scenarios are: rainfall and
sea level rise. Rainfall of staBons considering
climate change according to periods is
calculated according to the increase
corresponding to the current status. Specijc
calculaBons are as follows:

R(CL) =R (BL) x (P/100+1) (11)

Of which:

R (CL): Rainfall with consideraBon of climate
change relevant to frequency at ®me of the case

R (BL): Current rainfall correlates with the
frequency at the ©me at present

P: Increase percentage (or decrease) of
maximum daily rainfall at the ®me of the case

Sea level rise considering the climate change
is calculated as follows:

H(CL)=H (BL)+ /100 (6)

Of which:

H (CL): Water level considers climate change
relevant to the frequency at ©me of the case

H (BL): Current water level corresponds to
the frequency at the ®me at present

: Value of water level at ©me of the case
(cm)

5. Applying the generic approach for Ha Tinh,
Ninh Thuan, and Binh Thuan Provinces

Future climate change and sea level rise
scenarios for Ha Tinh, Ninh Thuan, and Binh
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Thuan Provinces were developed using the
Viet Nam Climate Change and Sea Level Rise
Scenarios. This models for the RCP4.5
and RCP8.5 scenarios. 4 Regional Climate
models (RCMs) were used: i) Conformal Cubic
tmospheric Model (CC M); ii) Providing
Regional Climates for Impacts Studies (PRECIS);
iif) Regional Climate Model (RegCM); and iv)
climate Weather Research and Forecast model
(cIWRF).

Sea level rise (SLR) scenarios for the
coastal area were constructed on the basis of: i)
guidance from R5; ii) the Jndings on SLR
scenariodevelopment[2,10];andiii)SLRscenarios
developed for countries such as

ustralia, the Netherlands and Singapore. SLR
scenarios for the coastal area of Binh Thuan
are calculated from the components
contribubng to sea level in the region.
They consist of 8 principal components, i.e.
thermal expansion, glaciers, Greenlandice sheet,
Greenland ice sheet dynamics, ntarcOc ice
sheet, ntarcOc ice sheet dynamics, land
water  storage and  glacial  isostaBc
adjustment. Among those components, the
thermal expansion is calculated directly from
21 OGCMSs following R5. The components
of sea level change due to meléng ice and
water storage in con6nentare computed
by a transfer funcGon related to global
projecéon which is based on contribuBon
of each element to diTerent regions [10].
Sea level change due to verécal Nuctua®ons
in the Earth’s crust reacong to changes in ice
volume was esbmated from the ICESG model [11].

The uncertainty of the thermal expansion
component is esOmated from models. The
uncertainty of SLR due to the balanced with
the amount of ice is assumed to be governed
by the intensity of climate change, while the
uncertainty in the esbmabon of SLR due to
meléng ice in glaciers, mountain peaks or
at the poles is mainly due to the calculaBon
method. Each component contribuéng to
SLR (except glacial isostabc adjustment) has a
central esbmated value (based on the
percenbles) with the same wupper and
lower bounds, determined through 5% and 95t




percenbles (IPCC  2013). The central
esOmated value of the various components
would be added together to give the value of
SLR for the coastal area. The uncertainty of the
trend of total SLR will be esbmated according
to the methodology of the IPCC [2] with the
assumpoon that the components with a close
relaBonship with the air temperature are also
highly correlated with each other in terms of
uncertainty. Squared total uncertainty of these
components is esomated by gegng the sum of
all squared uncertainty of every component:

2 - 2 2 2, -2
Y tot (Gsteric/dynamic +0 smb_a Y smb_g) Y glac +
2 2 2
Y W +0 dyn_a +0 dyn_g (6)
In which:

0, is the uncertainty of total water level

components;

0-steric/dynamic’ O-smb_a’ 0-sm_b_g’ O-glac’ O-LW’ O-dyn_a’ and
0,,, are the uncertainbes of components:
thermal expansion, mass balance of the

ntarcoc ice sheet, mass balance of Greenland
ice sheet, ice in glaciers, water storage on the
conBnent, ntarcOc ice sheet dynamics and
Greenland ice sheet dynamics, respecovely.

5.1. Ha Tinh

For Ha Tinh city the Nood peak discharge
of the Rao Cai River is cri6cal and within the
system the Ke Go reservoir plays a key role in
Nood mi6gadon. The current Nood risk is very
high, as a 2% design Nood would lead to 80%
Nooding of the city. This would sell be 42%
of the total city area the Nood management
plan of the province of 2015 is implemented.
Therefore, addieonal measures are
recommended that would reduce Nooding to
14.2%. These measures would also deal with
the Nood risks in the middle of the century,
but in the longer term more Nood prevenéon
measures are needed.
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Figure 4. Flood map in Rao Cai river basin corresponding to design Nood, in current situaon

5.2. Binh Thuan

The current Nood risks in the Luy river
basin and drainage systems for Luong Son
and Cho Lau towns in Binh Thuan province

were modelled. The reservoirs in the Luy river
basin play an important role in the mi6gadon of
Nood risks downstream. Modelling the current
situadon for a design Nood shows that even if
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exiséng plans for e.g. upstream reservoirs are
implemented, the Nooded area in the river
basin would increase by 2030 as a result of
climate change. In the present situaGon, the
inundated area of Luong Son and Cho Lau
towns would be 13.6% and 10.4% of the surface
areas of these towns respecOvely with a

design Nood of 1%. The risks will increase
in 2030 because of the wurban drainage
infrastructure planning to 2025 plus the eTects
of climate change, to 39.8% and 20.1% of the
surface areas of these towns respectively.
Additional measures would deal with current
and 2030 flood risks.
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2,000

0

1% 2%

Flooded area (ha)

The flooded area of Binh Thuan province according to the
scenarios

Frequendyft

B Current
B CF(30-4.5)

10% 20%

Figure 5. Comparison of Nooded area in case of climate change 6ll 2030, scenario RCP4.5
in current condi®on and planned topography

5.3. Ninh Thuan

The current Nood risks in the Cai Phan
Rang river basin in Ninh Thuan as well as the
Phan Rang - Thap Cham city drainage systems
province were assessed. Flooding is caused
by occasional extreme rainfall. Modelling
with the present topography and infrastructure
shows that the Cai Phan Rang river basin
inundadon is 16,000 ha (1% design storm and
Nood), aTeceng especially Ninh Phuoc district.
The planned measures for the period to 2025
in the river basin, Phan Rang - Thap Cham city
and Ninh Phuoc district will decrease inundadon
in the current situaBon, but climate change will
increase the Nooded area in the river basin
around 2030. Therefore, it is recommended
to accelerate the construcOon of the Cai river
reservoir, to increase Nood retenBon capacity.
The Nooded areas in Phan Rang - Thap Cham
city are limited in the current situaon to just
1.25% of the city’s land area (1% rainstorm).
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If the city’s residenfal areas and drainage
system expand according to the Planning
to 2025, this would be 9.7% of the city’s
surface area, and adding climate change would
further increase the inundated area to 17.5%
of the city by 2030. Flooding can be minimised
by improving the city’s drainage system in
addifon to exisbng plans. The ongoing northern
river bank dyke upgrading will protect the city,
but it could mean increasing the Nood risk for
Ninh Phuoc district. This district needs retenfon
reservoirs and possibly an addi®onal dyke along
the southern river bank.

6. Conclusion

Climate change poses a signijcant
challenge for Viet Nam. This includes the
increase in severity of heavy precipitabon
and Nooding in urban areas. The ability to
accurately depict the impacts of climate change
on phenomena such as urban Nooding is thus
important. There has been a signiJcant amount
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drainage infrastructure, with 2% storm (once in 50 years), according to the emissions scenario RCP8.5

of eTort in determining such impact, and this
paper contributes to the volume of literature
by providing a generic framework for urban
Nooding assessment within the context of
climate change.

The approach described the various
components and procedures that are vital in
assessing the impacts of climate change on
urban Nooding in Viet Nam. The approach
includes, Jrstly, to downscale climate change
scenarios using GCMs to obtain changes in

climate variables. Secondly, hydrological
and hydraulic models are applied to simulate
future condi®ons using downscaled climate
variables. The paper provided examples of
applying the approach in the three provinces
of Ha Tinh, Ninh Thuan, and Binh Thuan.
Given the limited availability of space, the
reader is advised to refer to IMHEN (2018) for a
more detailed descripBon of work for the three
provinces of Ha Tinh, Ninh Thuan, and Binh
Thuan.
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