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Foreword by the Editors 

Dear readers, 

We are glad to present hereby the scientific and technical contributions of 
the EWATEC-COAST working groups to the 4th VNU - HCM International 
Conference for Environment and Natural Resources ICENR 2014 with a 
focus on “green growth, climate change and protection of the coastal 
environment”. This conference was held in June 2014 in Ho-Chi-Minh City 
(HCMC), Vietnam, and hosted by the Institute for Environment and 
Resources (IER) of the Vietnam National University Ho-Chi-Minh City 
(VNU-HCMC). 

EWATEC-COAST is the name of our German-Vietnamese joint project 
dealing with “technologies for environmental and water protection of 
coastal zones in Vietnam under climate change conditions”. The project is 
coordinated by the University of Braunschweig, Germany. Main 
Vietnamese partner is the IER. The project is funded by the German 
Federal Ministry of Education and Research (BMBF) as a part of the 
funding initiative CLIENT, and by the VNU-HCMC. The project is financed 
for a period of three years. It started in fall 2012. 

Presentations of the project scope and of intermediate results were 
embedded in the scientific programme of the ICENR 2014. More than 200 
scientists, government officials, national and international experts and the 
engineering practice joined the conference. The excellent development of 
German-Vietnamese cooperation was appreciated by the Vietnamese 
Deputy Minister of Natural Resources and Environment (MONRE), Assoc. 
Prof. Bui Cach Tuyen, and the Consul General, German Consulate General 
of Ho-Chi-Minh City, Dr. Hans-Dieter Stell, in their welcome notes. 

It is the rapid growth of economy and population that puts massive 
environmental pressure on river catchments in Vietnam. The joint project 
EWATEC-COAST focuses on one of the most jeopardized zones of 
Vietnam, the highly polluted inland water and estuary system of the Thi 
Vai river basin and the adjacent Can Gio mangrove forest, an UNESCO 
world biosphere reserve.  

Both areas are located south-eastern of Ho-Chi-Minh City. In the past, 
various companies, which are mostly located in industrial zones along the 
river, discharged wastewater without treatment into the river system.  



Foreword by the Editors 

The Thi Vai river was therefore considered as ecologically dead. Most 
recently, the water quality of the river has been slightly improved because 
first control initiatives have been realized. A comprehensive strategy for 
the sustainable rehabilitation is still missing.  

EWATEC-COAST will significantly contribute to find ecologically and 
economically sound solutions for the rehabilitation of the affected water 
bodies, the fauna and the flora with focus on mangroves. Climate change 
impacts, in particular the impact of the sea water level on coastal 
protection and the inland water system will be considered. Main task is 
the development and application of a model-based "management system" 
for sustainable water and environmental protection of the affected coastal 
zone. The system will serve for decision making. Another important task 
is the development and optimization of innovative process technology for 
industrial waste water treatment in the industrial zones of the Thi Vai 
river basin.  

The management system will be implemented at provincial and municipal 
authorities as well as research institutions and primarily serve as a 
planning framework. The project concept can be transferred to other 
regions of Vietnam and to other countries. First project results are very 
promising and confirm the suitability of the overall project strategy. 
Excellent perspectives for economic, scientific and technical exploitation of 
results are expected.  

In this book we have compiled the contributions of nearly all German and 
Vietnamese project partners of EWATEC-COAST presented at the ICENR 
and hence present a comprehensive overview about the preliminarily 
findings that have been gained throughout focused research work since 
the beginning of the project. 

We hope you enjoy reading this issue.  

Yours sincerely 

Günter Meon, Matthias Pätsch, Nguyen Van Phuoc and Nguyen Hong Quan 
(Editors) 

Braunschweig, Germany, and Ho-Chi-Minh City, Vietnam,                     
10 October 2014 
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Abstract 

In September 2013, the 5th Assessment Report (5AR) of the International 
Panel on Climate Change (IPCC) has been released. Taking the 5AR cli-
mate change scenarios into account, the World Bank published an earli-
er report on climate change and its impacts on selected hot spot re-
gions, including Southeast Asia. Currently, dynamical and statistical-
dynamical downscaling efforts are underway to obtain higher resolution 
and more robust regional climate change projections for tropical South-
east Asia, including Vietnam. Such initiatives are formalized under the 
World Meteorological Organization (WMO) Coordinated Regional Dynamic 
Downscaling Experiment (CORDEX) East Asia and Southeast Asia and also 
take place in climate change impact projects such as the joint Vietnam-
ese-German project “Environmental and Water Protection Technologies of 
Coastal Zones in Vietnam (EWATEC-COAST)”. In this contribution, the lat-
est assessments for changes in temperature, precipitation, sea level, and 
tropical cyclones (TCs) under the 5AR Representative Concentration 
Pathway (RCP) scenarios 4.5 and 8.5 are reviewed. Special emphasis is 
put on changes in extreme events like heat waves and/or heavy precipita-
tion. A regional focus is Vietnam south of 16°N. 

A continued increase in mean near surface temperature is projected, 
reaching up to 5°C at the end of this century in northern Vietnam un-
der the high greenhouse-gas forcing scenario RCP8.5. Overall, project-
ed changes in annual precipitation are small, but there is a tendency of 
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more rainfall in the boreal winter dry season. Unprecedented heat 
waves and an increase in extreme precipitation events are projected by 
both global and regional climate models. Globally, TCs are projected to 
decrease in number, but an increase in intensity of peak winds and rain-
fall in the inner core region is estimated. Though an assessment of 
changes in land-falling frequency in Vietnam is uncertain due to difficul-
ties in assessing changes in TC tracks, some work indicates a reduction in 
the number of land-falling TCs in Vietnam. Sea level may rise by 75-100 
cm until the end of the century with the Vietnamese coastline experienc-
ing 10-15% higher rise than on global average. Given the large rice and 
aquaculture production in the Mekong and Red River Deltas, that are 
both prone to TC-related storm surges and flooding, this poses a 
challenge to foodsecurity and protection of coastal population and assets. 

 
Key Words: climate change, extreme events, climate modeling,  

regionalization, downscaling 
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1.  Introduction 

Vietnam is affected by the powerful Asian-Australian Monsoon (AAM) sys-
tem. In Chapter 14 of the most recent 5th   Assessment Report (5AR) of 
the Intergovernmental Panel on Climate Change (IPCC; Christensen et 
al., 2013), the AAM system is subdivided into the East Asian Summer  
(EAS),  the  Southern  Asia  Summer  (SAS),  and  the  Australian-
Maritime  Continent (AUSMC) monsoon systems (Figure 1).  

 

 

 

 

 

 

 

 

 

Figure 1. Regional land  monsoon domain based on 26 CMIP5 multi-model mean 
precipitation with a common 2.5° × 2.5° grid in the present-day (1986–2005). 
Northern hemisphere monsoon domains: North America Monsoon System 
(NAMS), North Africa (NAF), Southern Asia Summer (SAS) and East Asian 
Summer (EAS); Southern hemisphere monsoon domains: South America Mon-
soon System (SAMS), South Africa (SAF), and Australian-Maritime Continent 
(AUSMC). Christensen et al. (2013). 

 

The Indochina peninsula is part of the SAS monsoon system. Rainfall and 
its distribution over the season is the most important climate variable of 
the AAM in terms of socioeconomic impacts. Boreal summer rainfall pro-
jections for the SAS monsoon (Figure 2) until the end of the 21st century 
are quite typical for the behavior of the global monsoon systems; aver-
age May-September rainfall (Pav) increases slightly by up to 10% (Figs. 
2a and 2b), with increasing variability (Psd), precipitation intensity (SDII 
and R5d) and longer monsoon duration (DUR) due to an earlier onset 
(ONS) and later withdrawal (RET) of the monsoon. Expectedly, these 
changes are more pronounced for the strongest radiative forcing scenario, 
the RCP8.5 (Representative Concentration Pathway; 8.5 W/m2 radiative 
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forcing at the end of the 21st century) scenario. Unlike for the global 
monsoon system, the global General Circulation Models (GCMs), that 
participated in the Coupled Model Intercomparison Project Phase 5 
(CMIP5) and are the basis of many 5AR projections, do not show a coher-
ent trend towards longer dry spells during the wet season (CDD) for the 
SAS monsoon (Figure 2b). The more regional, and spatially and temporal-
ly higher resolved climate projection are requested to be, the more un-
certain they are since observed regional climate variability and change 
generally represents a complex convolution of natural and anthropo-
genic factors. The latter includes local land use and cover changes 
(LUCC) and aerosol emissions. The CMIP5 GCMs are too coarse to re-
solve regional circulations due to, for example, complex terrain. In addi-
tion, several small-scale, but important atmospheric phenomena are not 
resolved, as for example tropical cyclones (TCs). Some CMIP5 models also 
have a very rudimentary treatment of aerosol effects and LUCC. To partly 
overcome these deficiencies, the World Meteorological Organisation 
(WMO) launched the Coordinated Regional Dynamic Downscaling Experi-
ment (CORDEX; Giorgi et al., 2009). One of the experiments includes the 
East Asian region from 70°E to 160°E and 15°S to 60°N. The joint Viet-
namese-German project “Environmental and Water Protection Technolo-
gies of Coastal Zones in Vietnam (EWATEC-COAST)” will conduct a further 
regionalization for central and southern Vietnam using a statistical-
dynamical approach. In Section 2, we show the application of the COSMO-
CLM (COnsortium for Small scale MOdelling in Climate Mode) Regional 
Climate Model (RCM) to the CORDEX East Asia domain. Initial validation of 
this and five other CORDEX East Asia RCM runs for the period 1998-2008 
will be shown. Section 3 furnishes details of the statistical-dynamical 
downscaling approach. The contribution will continue in Section 4 with a 
summary of findings for climate change in Vietnam based on the latest 
IPCC and World Bank reports. Finally, an outlook is given to future work 
within the EWATEC-COAST project. 
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Figure 2. Changes in May-September precipitation indices over the regional 
land monsoon domain of Southern Asia (SAS) based on CMIP5 multi-models. 
(a) Time series of observed and model-simulated summer precipitation anoma-
lies (%) relative to the present-day average. All the time series are smoothed 
with a 20-year running mean. For the time series of simulations, all model 
averages are shown by thick lines for the historical (grey; 40 models), RCP2.6 
(dark blue; 24 models), RCP4.5 (light blue; 34 models), RCP6.0 (orange; 20 
models), and RCP8.5 scenarios (red; 32 models). Their intervals between 10th 
 and 90th  percentiles are shown by shading for RCP2.6 and RCP8.5 scenarios. 
For the time series of observations (dotted and solid lines before about 
2005), various data sets have been used. (b) Projected changes for the future 
(2080-2099) relative to the present-day average (1986-2005) in averaged 
precipitation (Pav), standard deviation of interannual variability in seasonal 
average precipitation (Psd), simple precipitation daily intensity index 
(SDII), seasonal maximum 5-day precipitation total (R5d), seasonal maximum 
consecutive dry days (CDD), monsoon onset date (ONS), retreat date (RET), 
and duration (DUR), under the RCP2.6 (18 models), RCP4.5 (24 models), 
RCP6.0 (14 models) and RCP8.5 scenarios (26 models). Units are % in Pav, 
Psd, SDII, R5d, and CDD; days in ONS, RET, and DUR. Box-whisker plots 
show the 10th , 25th , 50th , 75th  and 90th  percentiles. Christensen et al. 
(2013). 

2.  Model and data 

2.1 Model description and setup 

The COSMO limited-area model of the German Weather Forecast Ser-
vice (DWD) is used in its Climate Mode (version 4.8) as an RCM to per-
form the dynamical downscaling. The COSMO-CLM is a three-dimensional, 
non-hydrostatic atmospheric circulation model and has been applied to 
several domains, spatial scales as well as to various climatological and 
meteorological phenomena (Rockel et al. 2008). The prognostic equations 
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for wind, temperature, pressure, specific humidity, cloud water and cloud 
ice content are solved on an Arakawa-C grid (Arakawa and Lambs 1977) 
on a rotated geographical coordinate system. The precipitation is treated 
as a diagnostic variable and is parameterized by a bulk microphysics ap-
proach. For the moist convection parameterization the Tiedke scheme 
(Tiedke, 1989) is used. The radiative transfer scheme by Ritter and Ge-
leyn (1992) is applied and is called once per hour. For this study we 
have used 35 vertical levels, with the upper most layer increased to 30 
km above sea level. The lower height of the damping layer was increased 
from 11 km to the approximate height of the tropical tropopause in 18 
km. A horizontal grid resolution of 0.44° is used with 219 points from 
West to East and 183 points from South to North, including the sponge 
zone with 8 points at each side. The domain roughly ranges from 15°S to 
55°N and from 70°E to 160°E (Figure 3). The simulation has been driven 
by the European Centre for Medium-Range Weather Forecast (ECMWF) 
ERA-Interim reanalysis (Dee et al. 2011) for the period 1979 – 2010. 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Surface height (m) in the model domain for COSMO-CLM simulations. 
The domain includes lateral sponge zones of 8 grid points in each direction. 
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2.2 Observational datasets 

To quantify the model performance in terms of rainfall, we use different 
datasets, which are either ground based (e.g. rain gauge data interpolat-
ed to a regular grid), satellite products, or reanalysis data. A summary of 
data sets is given in Table 1. 

 
Table 1: Data sets used for evaluation of model experiments 

NAME TYPE VARIABLE TIME      
PERIOD 

TIME 
RES. 

SPATIAL 
RES. 

ERA-Interim Reanalysis Precipitation 1979 – 2010 6- hourly 0.75° 

TRMM V7 Satellite Precipitation 1998 – 2010 3- hourly 0.25° 

APHRODITE Rain gauges Precipitation 1979 – 2007 daily 0.25° 

GPCC Rain gauges Precipitation 1979 – 2010 monthly 0.5° 

 

2.3 Evaluating existing CORDEX East Asia experiments 

Although GCMs are able to reproduce the main characteristics of monsoon 
circulation over the tropics, there is still a need for higher resolved simu-
lations. Regional climate downscaling, either dynamical, statistical, or a 
combination of both, has the potential to improve the representation of 
the monsoon circulation. These higher resolved experiments produce re-
gional climate information that is frequently used in impact and adaption 
studies. The World Climate Research Program (WCRP) CORDEX Program 
will produce an ensemble of dynamical downscaling forced with different 
GCMs from the CMIP5 archive. For East Asia there are four institutions 
involved, namely Yonsei National University (YSU), Kongju National Uni-
versity (KNU), Seoul National University (SNU), and National Institute of 
Meteorological Research (NIMR), which produce regional climate infor-
mation for impact studies. These institutions are making use of different 
RCMs, involving various parameterizations of land-surface processes and 
moist convection. The specifications for the RCMs are listed in Table 2. 
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Table 2. RCMs participating the CORDEX Program in East Asia including their 
physical packages. Note that COSMO-CLM is not participating in the CORDEX 
Program. All models have a grid resolution of 0.44°, corresponding to about 50 
km. 

Summary of physical parameterization in HadGEM3-RA 

Institution National Center of Meteorological Research (NIMR) 
Land Surface Model Second version of UK Met. Office surface exchange scheme (MOSES II), nine surface 

types and coastal tiling 
Boundary Layer Nonlocal mixing scheme for unstable layers and local Richardson number scheme for 

stable layers 
Convection Entrainment and Detrainment rates for convection (Grant and Brown, 1999) 
Radiation General 2-stream radiation (Edward and Slingo, 1996) 

Summary of physical parameterization in WRF 

Institution Seoul National University (SNU) 
Land Surface Model Unified NOAH Land surface Model 
Boundary Layer YSU boundary layer scheme (Hong et al., 2006) 
Convection Cumulus Convection Scheme (Kain and Fritsch, 1990), 1-D Entrain-

ment/Detrainment cloud model derived from Fritsch – Chapell cumulus scheme 
Radiation Rapid Radiative Transfer Model (RRTM) for longwave radiation and shortwave trans-

fer scheme after Dudhia (1989) 

Summary of physical parameterization in MM5 

Institution Seoul National University (SNU) 
Land Surface Model Third version of Community Land Model of National Center for Atmospheric Research 

(NCAR-CLM3) up to 15 layers for soil 
Boundary Layer YSU boundary layer scheme (Hong et al., 2006) 
Convection Cumulus Convection Scheme (Kain and Fritsch, 1990), 1-D Entrain-

ment/Detrainment cloud model derived from Fritsch – Chapell cumulus scheme 
Radiation Second version of Community Climate Model (CCM2) for radiative transfer after 

Briegleb (1992) 

Summary of physical parameterization in RegCM4 

Institution Kongju National University (KNU) 
Land Surface Model Third version of Community Land Model (CLM3) with 5 primary sub-grid land cover 

types 
Boundary Layer Air mass transformation model (ATM) one-dimensional, multilayer boundary layer 

after Holtslag et al. (1990) 
Convection MIT-Emanuel cumulus parameterization scheme 
Radiation Third version of Community Climate Model (CCM2) for radiative transfer after Kiehl 

et al. (1996) 

Summary of physical parameterization in RSM 

Institution Yonsei National University (YSU) 
Land Surface Model Land surface-hydrological model after Chen and Dudhia (2001), with four layers 
Boundary Layer Yonsei University planetary boundary layer scheme after Hong et al. (2006) 
Convection Simplified Arakawa-Schubert cumulus convection parameterization 
Radiation Shortwave and longwave radiation parameterizations after Chou (1992) and Chou et 

al. (1999) 

Summary of physical parameterization in COSMO-CLM 

Institution German Weather Service (DWD) 
Land Surface Model Multilayer land surface model (TERRA-ML) with 10 layers up to 11 km 
Convection Cumulus convection parameterization after Tiedtke (1989) 
Radiation Radiative transfer scheme after Ritter and Geleyn (1992) 
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For evaluation, the period 1998 – 2008 was used. All RCMs are forced 
with the same observational data sets at the boundary zone. Although 
there are strict standards in the CORDEX Program concerning the domain 
size, the RCMs differ in the central longitude and latitude and the number 
of grid points in S-N as well in E-W direction. Within the EWATEC-COAST 
project the available CORDEX East Asia runs are analyzed with reference 
to the present climate as well as to climate variability. In terms of future 
climate projection, foci lie on the RCP4.5 and RCP8.5 scenarios that are 
somewhat similar to the IPCC SRES scenarios A1B and B1. 

Verification of dynamical downscaling of precipitation 

Generally, dynamical downscaling is expected to improve the spatial pat-
terns of precipitation due to its high-resolution topography and/or physi-
cal representation. Figure 4 illustrates the mean precipitation bias be-
tween the RCMs from Table 2 compared to TRMM for the timeframe 1998-
2008. In addition the precipitation bias between the reanalysis and satel-
lite product is shown in Figure 4.  Overall the experiments differ in pre-
cipitation bias in terms of magnitude and location. For the HadGEM3-RA  
(Figure  4b)  RCM  the  driest  biases  occur  over  the  Bay  of  Bengal  
and  parts  of Indonesia with up to 5 mm/d.  

Most parts of Vietnam also show a negative bias except for northern Vi-
etnam with a weak positive bias of up to 2 mm/d. For the RegCM4 (Figure 
4c) experiment the situation changes. Over Vietnam there is a larger wet 
bias of up to 4 mm/d. This may be due to the different application of the 
land surface model and parameterization of moist convection. Within 
the EWATEC-COAST project we also simulate an evaluation experiment 
using the ERA-Interim reanalysis for boundary conditions and following 
the CORDEX East Asia terms. The results can be seen in Figure 4f. Most 
parts of Indonesia and Malaysia show a negative bias when compared 
to TRMM. Also for most parts of Vietnam there is a dry bias between 1 
and 4 mm/d.  

In the next step we calculate the ensemble mean of all RCM members 
(Figure 4g).  

High negative biases remain over the western coastline of Indonesia and 
parts of Malaysia while the bias over Vietnam is substantially reduced, 
with an overall small positive bias of up to 1 mm/d. 
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Figure 4.  RCM bias for precipitation in mm per day (mm/d) against TRMM for 
a) ERA-Interim reanalysis, b) HadGEM3-RA, c) RegCM4, d) WRF, e) RSM, f) 
COSMO-CLM and g) ENSEMBLE. The calculation is based on the period 1998-
2008. 
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Since we are interested in reflecting climatological features in Vietnam 
within the EWATEC-COAST project, the 11-year average bias is calculated 
for 3 subdomains, namely North Vietnam (101–108°E, 18–24°N), Central 
Vietnam (103–110°E, 12–18°N) and South Vietnam (104–110°E, 7–
12°N). Results of observed model biases for the three regions are shown 
in Table 3. 

 
Table 3. Mean bias (mm/d) of precipitation for three subdomains of all RCM 
members against TRMM. Additionally the bias for the ensemble is calculated 
(last column). 

 HadGEM3 RegCM4 WRF RSM CLM Ensemble 

North VN. -0.3 1.1  0.1 2.9 -1.6  0.6 

Central VN. -2.0 1.4 -0.1 2.8 -2.5  0.4 

South VN. -1.5 1.5 -1.9 1.9 -1.1 -0.1 

 

3.  Statistical-dynamical downscaling approach 

In general, there are three frequently used methods to receive me-
teorological features on the regional  scale.  Firstly,  the  purely  dy-
namical  downscaling  approach,  which  is  using  RCM simulations for 
providing climatological information on the regional scale. The driving 
data is derived from GCM output or (re-)analysis fields. A specific loca-
tion is defined and the RCM is forced with driving fields from the GCM. 
The results are finer-scale projections, which are informed by both re-
gional climate factors and large-scale processes from the global model. 
Most GCMs show systematic biases (IPCC, 2013). Thus, an efficient bias 
correction for the target region is mandatory. While dynamical 
downscaling with RCMs is an important tool for impact studies, it is also 
a very costly approach in terms of computing time and resources, A 
second way for downscaling climate data uses statistical methods (e. g. 
weather generators; Maraun et al. 2010). The general strategy of this 
method is to establish a statistical relationship between large-scale var-
iables simulated by the GCMs and the local climate conditions from pre-



  46 
 

sent-day observations. Nevertheless this strategy does not account for 
any physical processes on the local scale and assume statistical station-
arity that cannot necessarily be adopted for future climate settings. 
Within the EWATEC-COAST project we are using a third approach that 
is a combination of the two downscaling methods. The so-called statis-
tical-dynamical downscaling combines the advantages of the dynamical 
and statistical downscaling approaches (Fuentes and Heimann 2000). 
With this approach we do not need to run the RCM for a long time peri-
od. Instead, we define weather classes that do have a relationship to 
tropical phenomena on the large scale. These weather classes are di-
vided into clusters and for each cluster we run the RCM. The modeled 
tropical phenomena on the small scale are weighted with the occur-
rence of the cluster found on the large scale. In a final step we recom-
bine the modeled clusters. For future projections, only the changes in 
cluster frequency are considered to weight the RCM results. This meth-
od combines the advantage of considering the physical processes in the 
atmosphere and of saving computational time. The procedure is sum-
marized in Figure 5. The application of the cluster analysis within the 
EWATEC-COAST project follows the procedure of Pope et al. (2009) us-
ing wind field, temperature and humidity observations at 16 pressure 
levels from radiosonde data near Ho-Chi-Minh City. 

 
 
 
Figure  5.  Schematic  flow  chart  describing the  different  steps  of  the  sta-
tistical-dynamical downscaling approach. 
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4.  Observed climate variability and change for Vietnam 

4.1 Observed trends 

Southeast Asia is characterized by a complex orography and land-sea 
contrasts (Figure 3). Observed trends show a mean temperature in-
crease at an average rate between 0.14°C and 0.20°C  per  decade  
since  the  1960s  (Tangang  et  al.,  2007).  For  Vietnam,  a  rate  of  
about 0.26°C/decade since 1971 is discernable (Nguyen et al., 2013). 
Since the global positive observed trend is near 0.13°C per decade, the 
observed warming for Southeast Asia and Vietnam is almost twice as 
large. Additionally there are trends with a rising number of hot days and 
warm nights, and a decline in cooler weather (cf. companion abstract by 
Phan et al., 2014; Manton et al., 2001; Caesar et al., 2011). For precipi-
tation there is a positive trend of heavy rainfall events in central Vi-
etnam (see companion abstract by Phan et al., 2014) and a light nega-
tive trend of moderate rainfall events (Lau and Wu, 2007). For TCs 
there is no long-term trend observable, neither in frequency nor in in-
tensity. The number of land-falling TCs in Vietnam and the Philippines 
does not display a significant long-term trend over the 20th century 
(Chan and Xu, 2009). However, for the Philippines, there is a negative 
correlation with El Niño-Southern Oscillation (ENSO), with less land-
falling TCs during ENSO warm events. During the same time, Western 
North Pacific TCs exhibited a weak increase in intensity (IPCC, 2013) and 
a significant co-variation with ENSO, with a tendency toward more in-
tense TCs during El Niño years (Camargo and Sobel, 2005). 

4.2 Projected trends 

CMIP5 models indicate an increase of temperature in both boreal winter 
and summer over East Asia for RCPs 2.6, 4.5 and 8.5. The strongest 
warming in June-August is expected in northern Vietnam, with a multi-
model mean projecting up to 5°C under RCP8.5 (Figure 6, top right). The 
expected future warming is large compared to the local year-to-year 
natural variability. The monthly temperature distribution of almost all 
land areas over Southeast Asia shifts by six standard deviations. Even 
under low emission scenario there is still a shift up to four standard de-
viations (Figure 6, bottom left). The strongest increases in extreme tem-
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peratures are found in Indonesia, the southern Philippine Islands, and 
southern Vietnam. Almost half of the summer months are beyond the 5-
sigma level, the statistically definition of an unprecedented heat wave, 
under the lowest emission scenario (Figure 7 bottom left) and roughly all 
summer months beyond the 5-sigma level in RCP8.5 (Figure 7 bottom 
right). Thus, a present-day 5-sigma event would be a cold event in the 
projected climate in 2071–2099. Figure 7 (top row) shows that the major-
ity of the summer months would be usually hot (> 3-sigma) by the end of 
this century. It should be noted that in the inner tropics, due to a low 
natural year-to-year variability in mean summer temperatures, a temper-
ature increase of smaller amplitude when compared to mid-latitudes 
satisfies the criteria of “unusual” and “unprecedented” heat waves. 
Nonetheless, flora and fauna have no past experience with such increased 
temperatures and urban heat islands in megacities might aggravate 
the effects on human health. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 

Figure 6. JJA temperature anomalies in °C (top row) are averaged over the time 
period 2071 – 2099 relative to 1951 – 1980, and normalized by the local stand-
ard deviation over Southeast Asia (bottom row). World Bank. 2013. Turn Down 
the Heat: Climate Extremes, Regional Impacts, and the Case of Resilience.  
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Figure 7.   Multi-model mean of the percentage of boreal summer months in the 
time 2071 – 2099 with temperatures greater than 3σ  (unusual heat waves, top 
row) and 5σ (unprecedented heat waves, bottom row) over Southeast Asia. 
World Bank. 2013. Turn Down the Heat: Climate Extremes, Regional Impacts, 
and the Case of Resilience. 

 

Due to the enhanced moisture convergence in a warmer climate (Ding 
et al., 2007) an increase of summer precipitation in amount and intensi-
ty is expected over East Asia, under RCPs 2.6, 4.5 and 8.5 in CMIP5 
models (Figure 8). In the winter months, there are slight differences in 
projected precipitation. While the CMIP5 models under RCP4.5 exhibit a 
slight positive trend over Vietnam, the CMIP3 models detect a decreasing 
trend in 2080 – 2099 (Figure 8). The present consensus assessment of 
changes in Western North Pacific TCs (Christensen et al., 2013) is dis-
played in Figure 9a. A robust signal is the increase in the inner core pre-
cipitation amounts (Figure 9a, IV) that is due to enhanced moisture flux 
convergence. Most models indicate a decrease in the total number of TCs 
(Figure 9a, I) due to drier mid- tropospheric levels and decreased vertical 
mass flux in deep convection. 
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Figure 8. Precipitation changes for Central, North, East and South Asia in 2080 
– 2099 with respect to 1986 – 2005 in (top) June to September and (bottom) 
December to March in the SRES A1B scenario with 24 CMIP3 models (left), and 
in the RCP4.5 scenario with 39 CMIP5 models (middle). Right figures are the 
precipitation changes in 2075 – 2099 with respect to 1979 – 2003 in the SRES 
A1B scenario with the 12-member 60 km mesh Atmospheric General Circulation 
Model (AGCM3.2). Precipitation is normalized by the global annual 
mean surface air temperature changes in each scenario. Light hatching denotes 
where more than 66% of members have the same sign with the ensemble 
mean changes, while dense hatching denotes where more than 90% of 
members have the same sign with the ensemble mean changes. Christensen 
et al., (2013). 

 

The higher sea surface temperatures and warmer tropospheric tempera-
tures could, however, allow some storms to attain higher peak intensi-
ties due to larger storm moisture contents and latent heating by con-
densation (Figure 9a, III, cf. Christensen et al. (2013), and references 
therein). No consensus exists as to track changes in the Western North 
Pacific including the South China Sea. In the present climate, ENSO 
modulates TC tracks in the North Pacific, but low confidence exists as to 
future changes in ENSO variability. Figure 9b shows changes in the Gene-
sis Potential Index (GPI; Emanuel and Nolan, 2004) computed from very 
high time- scale experiments with the ECHAM5 GCM under the IPCC 4th 

AR SRES A1B scenario; it is clearly evident that large parts of the South 
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China Sea are less conducive to tropical cyclogenesis at the end of the 
21st century. This is mainly due to increased wind shear and a drier mid-
troposphere (Lucia, 2012). Though this might suggest less land-falling 
TCs along the Vietnamese coast, the GPI does not reflect TC track densi-
ties and other studies do not confirm the result. 
      
 

 

 

 

 

 

 

Figure 9. (a) General consensus assessment of numerical experiments. All val-
ues represent expected percent change in the average over the period 2081– 
2100 relative to 2000–2019, under an A1B-like scenario, based on expert 
judgment after subjective normalization of the model projections. Four metrics 
were considered: the percent change in (I) the total annual frequency of 
tropical storms, (II) the annual frequency of Category 4 and 5 storms, (III) 
the mean Lifetime Maximum Intensity (LMI; the maximum intensity achieved 
during a storm’s lifetime) and (IV) the precipitation rate within 200 km of 
storm center at the time of LMI. For each metric plotted, the solid blue line 
is the best guess of the expected percent change, and the colored bar provides 
the 67% (likely) confidence interval for this value. After Christensen et 
al., 2013.  
(b) Differences (2071-2100 relative to 1961-1990) in the annual TC 
Genesis Potential Index (Emanuel and Nolan, 2004) in the Western North Pacif-
ic in the 21st  century based on the ECHAM5/MPI-OM A1B simulations. Lucia 
(2012). 

 

While projections in temperature and precipitation characteristics did not 
change much between IPCC 4AR and 5AR, observed increased melting of 
Greenland and Antarctic ice sheets lead the experts to substantially in-
crease global sea-level rise assessments. In addition, due to the location 
close to the equator, sea-level rise at Southeast Asian coastlines is pro-
jected by the end of the 21st century to be 10-15% higher than the global 
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mean. Figure 10 shows time series for different locations in Southeast 
Asia.  

 

 
 
Figure 10. Local sea-level rise above mean 1986 – 2005 sea level as a result of 
global climate change. Shaded areas indicate 66% uncertainty range and 
dashed lines indicate the global mean sea-level rise. Blue lines under RCP2.6 
scenario and red line under RCP8.5 scenario. Adapted from World Bank. 2013. 
Turn Down the Heat: Climate Extremes, Regional Impacts, and the Case of Re-
silience. 

 

For Ho-Chi-Minh City, sea-level rise is projected to be considerable higher 
than the global mean. By the end of the 21st century, a sea level rise of 
up to 125 cm in RCP8.5 and 75 cm in RCP2.6 is expected. These assess-
ments are obtained from the semi- empirical model published in the 
World Bank report (World Bank, 2013) and are thus higher than those in 
the IPCC reports that largely consider GCM results. It should be 
stressed, however, that an expert group of ice sheet experts (Bamber 
and Aspinall, 2013) and recent findings (e.g. Rignot et al., 2014) sug-
gests that even the assessments from semi-empirical models can turn out 
to be conservative due to the instabilities of the Greenland and West Ant-
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arctic ice sheets, of which increasing observational evidence exists. The 
sea-level rise will aggravate storm surges from tropical cyclones, even if 
their land-falling intensity in Vietnam will not change, and enhance salt 
water intrusions into the Mekong and Red River deltas. Land subsid-
ence due to human and natural causes in the Ho-Chi-Minh area is an-
other factor. The World Bank report concludes that in “Ho-Chi-Minh City 
up to 60% of the built-up area is projected to be exposed to 1 m sea-
level rise” around the 2080s (World Bank, 2013). 

5. Summary and future plans 

In this work we presented a short overview of the observed and projected 
climate change projection for  South East  Asia,  as reported  in the  
IPCC  5AR  and World  Bank  reports.  The strongest warming is expected 
in northern Vietnam, with up to 5°C to the end of the 21th century for the 
highest emission scenario. The summer precipitation is projected to 
increase while for the winter months there are differences between 
CMIP3 and CMIP5 models. The latest CMIP5 models project an increase in 
winter rainfall, though no consensus exists amongst models. Sea level 
may rise by 75-100 cm until the end of this century with the Vietnamese 
coastline experiencing 10-15% higher rise than on global average. Due to 
the complex terrain and land-sea distribution of Southeast Asia, it is nec-
essary to obtain climatological information on the local scale. Within the 
EWATEC-COAST project we will use a statistical-dynamical downscaling 
approach to reach high- resolution (i.e. up to 1x1 km grid resolution) 
meteorological time series over the Thi Vai river area in southern Vi-
etnam for the present and for future scenarios. For the dynamical part, 
we will use the COSMO-CLM regional model of the German Weather Fore-
cast Service (DWD). The RCM will be forced by CORDEX East Asia RCM 
projections and  – if available – RCM runs from the Southeast Asian 
CORDEX initiative. 
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