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Abstract: This article presents the results of projection of abnormal cold surge in winter
in the Northern region of Vietnam for the period 2020-2100 based on the regional climate
model RegCM under different scenarios Climate change RCP4.5 and RCPS8.5 are
generated from five Atmospheric—Ocean Global Circulation Models (AOGCM) including
CNRM-CMS5, CSIRO, MPI-ESM, EC-Earth and GFDL-ESM. The magnitude and
variability of abnormal cold surge vary considerably across scenarios and across different
global inputs. The estimated results show a decreasing trend of abnormal cold surge in
winter over the Northern region in the period 2020-2100 under both scenarios RCP4.5 and
RCP8.5. The reduction under the RCP8.5 scenario is larger than that of the RCP4.5
scenario. The frequency of abnormal cold surge in the early 21 century is higher than in
the middle and late 21% century.

Keywords: Abonormal cold surge; Winter; Northern region of Viet Nam; RegCM model;
RCP scenarios.

1. Introduction

Due to the influence of climate change, the climate regime in most regions of Vietnam
has changed significantly in recent years. The increasing occurrence of abnormal cold surge
in winter in the Northern region is one of the typical examples for the above—mentioned
change in climate. Specifically, cold surges tend to occur more often with stronger intensity
and create many extreme weather events such as the air temperature in many places
dropping below 0 degrees Celsius, snow occurring in some places where never occurred in
the observed data series. The question is how under the impact of climate change, how
often has the occurrence of abnormal cold surge in winter changed in recent years and how
will it change in the future according to different climate change scenarios?.

According to the study [1], cold extreme events bring air masses from high latitudes
into mid-latitudes and low—latitudes, causing many extreme weather phenomena and have
negative impacts on socio—economic activities and people. There have been many studies
on extreme cold phenomena in winter done around the world, especially for East Asia. In it,
two concepts have been proposed including “cold day” and “cold surge”. The concept of a
cold day was proposed in the study [2] which is defined as the day with the maximum
anomaly of daily minimum/average temperature. Meanwhile, the cold surge was proposed
in the study [3] which is based on the degree of sudden temperature drop over several
consecutive days. In general, the concept of a cold day is usually associated with the
average temperature value while a cold surge is associated with the variation of temperature
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by day. Therefore, global warming may be correlated with the change in the number of cold
days but not necessarily with the number of cold surges.

[2] showed that in the context of increasing global temperature, the warming trend in
East Asia is very large. The average temperature tends to increase and the distribution
function shifts towards the higher temperature range, leading to the low temperature
extremes also increasing. This result leads to a decrease in the number of cold days as
shown in the study [4]. The decrease in the number of cold days in East Asia was also
shown in the studies. [8] showed that no clear trend was found in the variation of the
number of cold extremes in Europe and the United States, although global temperatures are
trending upward direction. To date, there have been many studies on the characteristics of
extreme cold surge [9-10] and their relationship with large—scale circulation [9-11] in East
Asia. However, there are very few studies on the trends of these phenomena as well as the
effects of global warming on the trends of changes in these phenomena. extreme cold in the
northern part of Viet Nam.

In this paper, we apply the RegCM regional climate model version 4.6.2 to estimate the
change of abnormal cold surge over the Northern region in the period 2020-2100 based on
the RCP4.5 and RCPS8.5 scenarios are generated from 5 atmospheric—ocean global
circulation models (AOGCM). Subsequent sections present detail the method for
identifying abnormal cold surge, the data set used, and the expected results.

2. Dataset and Methodology

2.1. Definition of abnormal cold surge va model data process

The method to determine abnormal cold surge in winter in the Northern region is
proposed based on the study [12]. If Tiopijk is called the 10th percentile of the average daily
temperature value of the jth day in the kth month at the ith station, a day is defined as
occurering abnormal cold surge event if the average temperature of given day is smaller
than Tiopijx. The 10" percentile value is calculated for each day of the winter months
(November to March of the next year) based on the IPCC method which uses a dataset of
10—day time windows (where the given day in time window is 5 days).

For simulation and estimated data according to RCP scenarios from RegCM model
(daily temperature data are provided on the model grid), theoretically it can be determined
on grid space as in the study [13] or at the station point by interpolating values from the
regional climate model grid. In order to minimize the effect of differences in the resolution
of regional climate models used, the differences of the simulated and estimated datasets
under the RCP scenarios, in this study we choose the method of determining the abnormal
cold surge from the space—based RegCM climate model of 84 monitoring stations in the
Northern region. With this option, the air temperature data simulated and estimated
according to the RCP scenarios from the climate models will be interpolated to the station
point. The interpolation method that will be used is the nearest point interpolation method.
The temperature data after being interpolated will be corrected to limit the influence of
errors. The bias correction method is used according to the study [14].

2.2. Regional climate model configuration

In order to enhance the ability to capture the weather patterns that govern the abnormal
cold surge in winter in the northern region, the integral region of the RegCM model extends
to the north. Specifically, the integral domain center is selected at 20°N and 110°E with the
138 grid points along to latitude and longitude direction corresponding to a resolution of 32
km in each direction. Figure 1 illustrates the integral domain for the RegCM model and the
study area (northern part of Viet Nam).
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Figure 1. Integal domain of RegCM (left side) and distribution of 84 synoptic station in research
region (right side).

Table 1 shows some configuration of the RegCM model. In fact, the RegCM model
provides a wide selection of physical parameterization schemes for research purposes.
However, the paper does not conduct experimental research and select suitable physical
parameterization schemes for the current problem. Hence, the selection of physical
parameterization schemes is based on local studies was made. Specifically, the selection of
physical parameterization schemes for the RegCM model in this study is based on the
research results of Phan Van Tan et al (2014) [14]. The physical configuration is fixed for
both of RCP4.5 and RCP8.5 scenarios.

Table 1. The configuration of RegCM model.

Configuration RegCM (ver. 4.6.2)
Grid center point 20°N; 110°E
Grid point 138 x 138
Horizontal resolution 32km
Vertical pressure levels 18
Cumulus parameterization scheme Grell-AS
Soil parameterization scheme BATS
Radiation parameterization scheme CCM3

2.3. Global datasets

In order to have input data (initial and boundary conditions) for the RegCM model, it is
necessary to use the climate projection dataset of the global models. In this study, we use
estimated data under RCP4.5 and RCP8.5 scenarios from 5 AOGCM that is generated in
the Couple Model Intercomparison Project (CMIP). Information about these models is
given in Table 2 below. These global datasets were collected from 1986 to 2100 in which
period of 19862005 was used to calculated the baseline.

Table 2. General information of five AOGCM are used as input data for RegCM model.

Model Developer Resolution Data link
name
CNRM- Centre  national  de .
Recherches 1.41x1.40 http://www.umr—cnrm.fr/cmip5/
CM5 .
Meteorologiques, France
MPI- Max Planck Institute for https://www.mpimet.mpg.de/en/science

ESM Meteorology, Germany 1.875x1.85 /models/mpi—esm/
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Model Developer Resolution Data link
name
EC- EC-Earth  consortium, )
Farth EU 1.125%1.125 http://www.ec—earth.org/
CSIRO  CSIRO, Australia 1.875%1.86 https://data.gov.au/dataset/
GFDL- GFDL, USA 25%2.0 https://www.gfdl.noaa.gov/earth—system—
ESM model/

3. Results and discussion

Figure 2 to Figure 6 show the results of projecting the number of abnormal cold surge
in winter in the Northern region according to the RCP4.5 and RCP8.5 scenarios for the
period 2020-2100 from the RegCM model with input from 5 different global models. From
these figures it can be seen that the number of cold surges projected for each winter during
2020-2100 is highly variable between other global inputs as well as between the two RCP
scenarios. The frequency of cold spells in the early 21st century is much higher than in the
late 21st century. In which, most of the estimated tests show a sudden increase in the
number of abnormal cold surges during the period of 2030-2050 according to both
scenarios. The sudden increase in period of 2080-2100 was found only when looking at the
projected results from the EC—Earth and GFDL-ESM inputs. In comparison with the
baseline period (1986-2005), the number of abnormal cold surge projected from the
different global input tests and under the 2 scenarios is generally much higher during 2020—
2065 and lower during the period of 2070-2100. Some estimates show that there are some
years with very larger sudden increase (more than 25 abnormal cold surges in comparison
with normal).

The difference between the number of abnormal cold surge occurring in the same year
between scenarios and between different global inputs is on average about 3—4 events.
There is some possibility that the deviation between the two scenarios is very large such as,
for example, in 2022, the expected outcome with input from the global model CNRM—-CMS5
under the RCP4.5 scenario is only 2 abnormal cold surges, while under the RCP8.5
scenario is 22 abnormal cold surges.

During the first half of the 21st century, the estimated outcome under the RCP4.5
scenario with input from the CNRM—-CMS5 and CSIRO gives a greater number of abnormal
cold surge than in the RCP85 scenario. However, estimates with input from EC—Earth,
MPI-ESM and GFDL-ESM models give the opposite result. For the second half of the 21st
century, all projections from the global input year show a higher number of abnormal cold
surge under the RCP4.5 scenario than under the RCP8.5 scenario, especially is in the last
part of the decade (2080-2100).

The changing trend of the number of abnormal cold surge in the whole 2020-2100
period is little change or slight decrease under both scenarios. The results of statistical
hypothesis testing show that most of the trends satisfy the statistical hypothesis with the
90% confidence level, but not at the 95 and 99% confidence levels. A rapid downward
trend is found in the period 20202040 and slight or little change in the remaining years.

Figure 7 shows the results of calculating the ensemble mean variation trend from 5
different global inputs for the RegCM model under the RCP4.5 and RCP8.5 scenarios for
the period 2020-2100. A downward trend in abnormal cold surge can be seen in both
scenarios in which the decrease in RCP8.5 scenario is faster than in RCP4.5 scenario. This
result is completely logical because the RCP8.5 scenario is a high emission scenario that
will give a rapid global warming trend, especially in the late 21% century. On average,
according to the RCP4.5 scenario, most winters in the period 2020-2100 are expected to
have more abnormal cold surge than the baseline period with an average increase of 2-3
events per year.
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Figure 2. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCP8.5 scenarios for 2020-2100 period with inputs of
CNRM-CMS global model.
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Figure 3. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCP8.5 scenarios for 2020-2100 period with inputs of
SCIRO global model.
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Figure 4. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCPS.5 scenarios for 2020-2100 period with inputs of
MPI-ESM global model.
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Figure 5. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCP8.5 scenarios for 2020-2100 period with inputs of
EC-Earth global model.
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Figure 6. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCP8.5 scenarios for 2020-2100 period with inputs of
GFDL-ESM global model.

However, with the RCP8.5 scenario, the sudden increase compared to the baseline
period is only found in the period 2020-2050. For the period 2050-2100, the number of
abnormal cold surge decreased faster and less than the baseline period, especially in the late
215 century. In order to take a closer look at the changing trends of abnormal cold surge in
winter in the Northern region under the scenarios RCP4.5 and RCP8.5, we calculate the
separate changing trends for the 215 century (2045-2065) and the end of the 215 century
(2080-2100). Calculation results show that the general trend of abnormal cold surge in
winter in the Northern region is decreasing or less changing. With the same global input,
the number of abnormal cold surge projected for each year and under the two scenarios is
also different with an average difference of 1-2 events. In general, compared with the early
21 century, the number of abnormal cold surge projected under both scenarios is
significantly reduced for The changing trend of the number of abnormal cold surge in the
whole 2020-2100 period is little change or slight decrease under both scenarios. The results
of statistical hypothesis testing show that most of the trends satisfy the statistical hypothesis
with the 90% confidence level, but not at the 95 and 99% confidence levels. A rapid
downward trend is found in the period 2020-2040 and slight or little change in the
remaining years.



VN J. Hydrometeorol. 2021, 8, 1-8; doi:10.36335/VNJHM.2021(8).1-8 7

30 Ensemble Mean
RCP4.5
25 RCP8.5
Baseline
20 Linear (RCP4.5)
15 - y =-0.0589x + 7.0232
10 - y:-0.125X+8.976
5 -
O A A .t AT —
S N O AN AN NN 0 — <F O N O AN A VN O — F IO N O AN N o
A A on on N T T T LWL Dy O O O 000NN D
S O OO OO OO OO OO OO OO OO OO O O o oo oo
[o\ I o\ I o\ I o\ I o\ I o I o\ I o\ I o I o N o N o\ I o\ I o I o\ I o [ o\ N o\ NN o\ I o\ ININ o BN oN I o I o\ BN o\ BN o\ B Q|

Figure 7. Projection of abnormal cold surge in winter over the northern part of Viet Nam using
RegCM model according to RCP4.5 and RCP8.5 scenarios for 2020-2100 period with ensemble
mean of five global model.

For the end of the 21% century, the projected outcome is very different between
different global inputs as well as between two scenarios with the same global input.
Calculation results show that at this stage, abnormal cold surge in the Northern region are
almost rare under the RCP8.5 scenarios as seen in the projected results with input from the
CSIRO model. The total number of abnormal cold surge expected to occur during this
period under the RCP4.5 scenario is much larger than that of the RCP8.5 scenario. Under
the RCP8.5 scenario, there are only a few years during this period where there are more
abnormal cold surge than the baseline period. Meanwhile, according to the RCP4.5
scenario, about 50-60% of winters in this period have more abnormal cold surge events
than in the baseline period. In terms of trend, both scenarios show little change or slight
uptrend. Especially in the last 10 years of the 215 century, it can be seen that projections
from global inputs show a slight increase trend. The results of the statistical hypothesis
testing show that the trends found do not satisfy the statistical hypothesis with the 90% or
more confidence level.

4. Conclusion

This article presents the results of projection of abnormal cold surge in winter in the
Northern region of Vietnam for the period 2020-2100 based on the regional climate model
RegCM under different RCP4.5 and RCP8.5 climate change scenarios are generated from
five AOGCM including CNRM-CMS5, CSIRO, MPI-ESM, EC-Earth and GFDL-ESM.
The magnitude and trend of variation vary considerably between scenarios and between
different global inputs. However, if considering the same scenario and AOGCM input, the
estimated results from the RegCM model is only quantitatively different (number of
occurrences), while in terms of trends it is almost the same. The estimated results show a
decreasing trend of abnormal cold surge in winter in the Northern region in the period
2020-2100 under both scenarios RCP4.5 and RCPS8.5. The reduction under the RCP8.5
scenario is larger than that of the RCP4.5 scenario. The frequency of abnormal cold surge
in the early 21st century is higher than in the middle and late 21% century.
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