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ABSTRACT

Located in the northern midland and mountainous region, Bac Giang's economy depends on
natural conditions, especially agriculture, forestry, and tourism. Thus, climate change has
significantly impacted the province's socio-economy. This correlational study finds a correlation
between time and temperature factors. However, the variation trend of the annual average maximum
or minimum temperature is more common than that of the annual average temperature. The trend of
changes in the temperature factors is highest in the western territories of the province and lowest in
the high terrain in the eastern part of the province, in mountainous districts. The research results
will be used for the next local climate change response plan to ensure the sustainable socio-economic
development of the province.

Keywords: annual average minimum temperature; annual average maximum temperature;
climate change; variation trend of temperature

1. Introduction

Along with all the natural ingredients on Earth, the climate is also naturally changing.
Climate change “is a change of climate over a long period of time due to the effects of natural
conditions and human activities, manifested by global warming, sea level rise and increase
in extreme hydro-meteorological phenomena” (Congress Office, 2018). Today, climate
change is happening faster than in the past, mainly because human production activities have
emitted large amounts of greenhouse gases.

According to IPCC's SRCCL and SROCC reports, between 2005 and 2016, the global
average temperature increased by about 0.87°C compared to pre-industrial times. In the last
four decades alone, the highest global average temperature has been recorded since 1850
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(IPCC, 2019, 2020). According to the Intergovernmental Panel on Climate Change (IPCC),
by 2017, the average temperature on Earth had increased by about 1°C compared to pre-
industrial times (1850-1900) (Change, 2021). Research by Fawzy et al. (2020) indicates that if
greenhouse gas emissions continue at the present rate, the average temperature on Earth in
the period 2030-2052 will increase by about 1.0°C and can go up to 1.5°C compared to pre-
industrial times.

Warming effects can be observed in many places, from rising sea levels and melting
snow to changing weather patterns. Climate change is already affecting ecosystems and
freshwater supplies, affecting human health, possibly reducing terrestrial water storage, and
increasing droughts in many regions, especially those in the Southern Hemisphere
(Pokhrel et al., 2021).

Transport is considered a barrier to mitigating climate change, is responsible for about
23% of worldwide energy-related CO. emissions, and is expected to double by 2050
(Creutzig et al., 2015). Research by Vijaya, Iniyan, and Goic (2012) evaluates climate
change mitigation measures, focusing on carbon sequestration and clean development
mechanisms. Research by Creutzig et al. (2015) also shows that forests are now absorbing
billions of tons of CO globally each year. Forests can contribute to protecting against
climate change through carbon sequestration while providing significant benefits to the
environment, economy, and social culture.

Bac Giang is a province in Vietnam's northern midland and mountainous region. The
study of Ngo (2018) analyzed the change in some climatic factors (temperature, rainfall) in
the area of Duc Thang commune, Hiep Hoa district, Bac Giang province over 50 years (1961
- 2010). Research shows that, in 50 years (1961 - 2010), the total annual rainfall tends to
decrease. In the dry season, there is little rain, but there are days with over 100 mm of rain
occurring locally. As a result, temperature tends to increase, with the average increase from
0.07 + 0.075 °C/year. The heat is getting longer and longer, the number of episodes is more,
occurs locally and has a complicated development, and the number of hot days is more
intense. Research by Dao et al. (2022) evaluated the differentiation of the trend of
temperature change in the context of climate change in Bac Giang province from 1970-2014.
The research results show that the variation trend of the annual average temperature of Bac
Giang is expected in the range of 0.012 - 018 °C/year, while the trend of the annual absolute
maximum temperature is up to 0.028 - 0.032 °C/year, about two times higher than the trend
of the annual average temperature. The study also shows that the variation trend of the annual
average temperature and the annual absolute maximum temperature has the same
covariance: the lowest in the western region and the highest in the east of the study territory.

Bac Giang's economy has developed rapidly in recent years, including the significant
contribution of lychee. The study by Dao (2012) analyzed and pointed out the territories of
Bac Giang with favorable climatic conditions for lychee development through the use of the
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statistical probability method. Lychee plants have a high yield only when the weather is dry
and cold, below 15°C during the flowering period (Dao & Ngo, 2002). Research by Vu
(2021) has shown that climate change may affect the local lychee yield.

Thus, there have been many studies on climate change in Bac Giang. However,
geographical research to assess the differentiation of future climate variation trends is a new
research direction in Bac Giang. The research results can be used as a basis for orientations
for an effective response strategy to climate change in the next period to rationally use
natural resources, ensuring the implementation of the province's socio-economic sustainable
development goals.

2.  Data and methods
2.1. Study area

Bac Giang has a natural area of 3,895.9 km?, accounting for 1.2% of the country's
natural area. In 2021, Bac Giang had an estimated average population of 1,875,238 people,
is the most populous province, and had the top economic scale in the Northern Midlands and
Mountains. Bac Giang is also the province with the 10th largest economic growth rate and
15th out of 63 provinces in gross domestic product (GRDP). In 2021, Bac Giang GRDP at
current prices was estimated at VND 129,836.7 billion, up 7.82% over the previous year.
GRDP per capita is 2,950 USD (Bac Giang Statistical Office, 2022). Bac Giang's economy
has developed very rapidly in recent years. However, many economic activities have been
negatively impacting the environment, increasing the number of greenhouse gases that cause
climate change, such as industry, agriculture, tourism, and transportation. On the other hand,
climate change also affects economic activities, especially those vulnerable to climate
change, such as agriculture, forestry, tourism.

2.2. Data

To assess the future climate variation trend for Bac Giang, the study uses forecast data
from four meteorological stations in Bac Giang province (Bac Giang, Hiep Hoa, Luc Ngan,
and Son Dong stations) with the following input factors: annual average temperature, annual
average minimum temperature, and annual average maximum temperature of the period of
2025-2054 according to the scenario of climate change and sea level rise for Vietnam in
2020. In addition, to serve the research and assessment of the variation of the trend of
temperature change, we used the data of meteorological stations around Bac Giang,
including stations: Thai Nguyen, Huu Lung, Dinh Lap, Hai Duong, Chi Linh, Uong Bi,
and Bai Chay.
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Table 1. List of meteorological stations used for data

Met: logical . . . Altitude ab
No e.eoro ogica Province Latitude Longitude tude above
station name sea level (m)
1 Bac Giang 21°17’ 106°12’ 7
2  Hiep Hoa . 21°22’ 105°58’ 21
Bac Giang
3 Son Pong 21°20° 106°50’ 59
4 Luc Ngan 21°22° 106°33’ 15
5  Thai Nguyen Thai Nguyen 21°35’ 105°50° 36
6  HuuLung Lana S 21°30° 106°21° 36
ang Son
7 Dinh Lap 9 21°32° 107°06" 19
8  Hai Duong ) 20°57’ 106°18’ 2
- Hai Duong
9  ChiLinh 21°07 106°23’ 33
10 Uong Bi . 21°02 106°45’° 4
) Quang Ninh
11  Bai Chay 20°58’ 107°04’ 36
Source: Hydrometeorological Data and Information Cente
2.3. Method
- Correlation

To determine the variation trend of some climate factors such as temperature over time
series: {y:} = V1, ¥, *** Yn_1, ¥n, it is necessary to perform the following two steps:
1) Test the correlation between meteorological factors y and t according to the formula:
yrE-yxE

b - o2 JE=

In which: y is the climate factor; t is the time; r is the correlation coefficient (Nguyen,
Tran & Ngo, 2014).
Table 2. Thresholds for indicators of a correlation coefficient

T =

Correlation coefficient r Range of values
Weak r<0,5
Moderate 05<r<0,7
Relatively strong 0,7<r<0,9
Strong 09<r<1
Functional correlation r=1

2) Regression equation
If r>0.7 or r2> 0.5, then it makes sense to build a regression equation and trend line.
The linear regression equation reflecting the variation of that phenomenon over time is
calculated by the following formula:

Yye=at+b
yrt-y=t,
t2-(D)2’

In which: a = b = y — at (Nguyen, Tran & Ngo, 2014)
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3. Results and discussion
3.1. Variation trend of annual average temperature

According to the RCP 4.5 scenario, in the middle of the 21st century (2025-2054), the
annual average temperature in Bac Giang province has an expected increase from
0.948+1.029°C. The annual average temperature in the whole territory tends to change
markedly. At Bac Giang station, the annual average temperature tends to increase the highest
by 0.0343°C/year; at Hiep Hoa station, the annual average temperature tends to increase by
0.0341°C/year; at Luc Ngan station, the annual average temperature tends to increase by
0.0324°C/year; At Son Dong station, the average annual temperature tends to increase the
lowest by 0.0316°C/year (Figure 1).

Bac Giang Hiep Hoa
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Figure 1. Variation trend of annual average temperature (°C)
in Bac Giang province by RCP4.5 scenario

In the middle of the 21st century, the annual average temperature in Bac Giang
province of the RCP 8.5 scenario has a higher increase than that of the RCP 4.5 scenario,
which is typical from 1.092+1.125°C. At Bac Giang station, the annual average temperature
tends to increase by 0.0370°C/year; at Hiep Hoa station, the annual average temperature
tends to increase by 0.0375°C/year; at Luc Ngan station, the annual average temperature
tends to increase by 0.0364°C/year; at Son Dong station, the average annual temperature
tends to increase by 0.0367°C/year (Figure 2).
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Figure 2. Variation trend of annual average temperature (°C)
in Bac Giang province by RCP8.5 scenario
Thus, the variation trend of the annual average temperature in Bac Giang province is

evident. The increase in the annual average temperature of the RCP 8.5 scenario is higher
than that of the RCP 4.5 scenario.

Spatially the variation in the annual average temperature is shown in Figure 3.
According to both the RCP 4.5 and RCP 8.5 scenarios of Bac Giang, the annual average
temperature tends to change in the lowland and low hills in the west and southwest and
gradually decreases in the mountains in the east and northeast. Specifically:

- For the RCP 4.5 scenario, the annual average temperature increases by about
0.034°C/year in the west and 0.032°C/year in the east of the territory.

- For the RCP 8.5 scenario, the annual average temperature increases by 0.0375°C +
0,0370°C /year in the west and 0.0365°C/year in the east of the territory.
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Figure 3. Variation of annual average temperature (°C) in Bac Giang province

3.2. Extreme temperature

e Variation trend of annual average maximum temperature

According to the RCP 4.5 scenario, in the middle of the 21st century, the annual
average maximum temperature in the whole study area will increase from 1.221°C + 1.278°C
during 30 years. At Bac Giang station, the annual average maximum temperature will
increase by 0.0422°C/year; at Hiep Hoa station, the annual average maximum temperature
will increase by 0.0426°C/year; at Luc Ngan station, the annual average maximum
temperature will increase by 0.0400°C/year; At Son Dong station, the annual average
maximum temperature will increase by 0.0407°C/year (Figure 4).
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Figure 4. Variation trend of annual average maximum temperature (°C) in Bac Giang
province by RCP4.5 scenario
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According to the RCP 8.5 scenario, the annual average maximum temperature in Bac
Giang will increase from 1.146°C + 1.203°C in the period 2025-2054. At Bac Giang station,
the annual average maximum temperature will increase by 0.0400°C/year; at Hiep Hoa
station, the annual average maximum temperature will increase by 0.0401°C/year; at Luc
Ngan station, the annual average maximum temperature will increase by 0.0382°C/year; At
Son Dong station, the annual average maximum temperature will increase by 0.0389°C/year
(Figure 5).
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Figure 5. Variation trend of annual average maximum temperature (°C)
in Bac Giang province by RCP8.5 scenario

Thus, by the middle of the 21st century in Bac Giang, the growth rate and increasing
trend of annual average maximum temperature by the RCP 8.5 scenario is lower than that of
the RCP 4.5 scenario (but not significantly). However, the actual temperature measurement
value according to the RCP 8.5 scenario is still higher than that of the RCP 4.5 scenario.

Figure 6 shows the clear spatial differentiation of the annual average maximum
temperature variation trend in Bac Giang province. According to both RCP 4.5 and RCP 8.5
scenarios, the annual average maximum temperature in Bac Giang increases gradually from
the east to the west of the territory:

- With the RCP 4.5 scenario, the variation trend of annual average maximum
temperature in the eastern region of Bac Giang province will increase by about
0.0410°C/year; in some districts of the western region, such as Hiep Hoa, Yen Dung, the
variation trend is higher, by about 0.0420°C + 0.0425°C/year.

- With the RCP 8.5 scenario, the annual average maximum temperature will increase by
about 0.0385°C/year in the east and about 0.0389°C + 0.0400°C/year in the western part of
the territory.
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Figure 6. Variation of annual average maximum temperature (°C) in Bac Giang province
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e Variation trend of annual average minimum temperature

According to the RCP 4.5 and RCP 8.5 scenarios, the annual average minimum
temperature tends to increase markedly throughout Bac Giang province.

According to the RCP 4.5 scenario, the annual average minimum temperature in the
study area will increase from 0.807°C + 0.873°C during 30 years (2025 — 2054). At Bac
Giang station, the annual average minimum temperature will increase by 0.0290°C/year; at
Hiep Hoa station, the annual average minimum temperature will increase by 0.0291°C/year;
at Luc Ngan station, the annual average minimum temperature will increase by
0.0280°C/year; At Son Dong station, the annual average minimum temperature will increase
by 0.0269°C/year (Figure 7).
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Figure 7. Variation trend of annual average minimum temperature (°C)
in Bac Giang province by RCP4.5 scenario
According to the RCP 8.5 scenario, the annual average minimum temperature in Bac

Giang province will increase from 1.101°C + 1.110°C in 2025 — 2054. The annual average
minimum temperature growth rate does not differ much by space. In 30 years (2025-2054),
the annual average minimum temperature tends to increase by 0.0370°C/year at Bac Giang
station, 0.0369°C/year at Hiep Hoa station, 0.0367°C/year at Luc Ngan station and

0.0368°C/year at Son Dong station (Figure 8).
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Figure 8. Variation trend of annual average minimum temperature (°C)
in Bac Giang province by RCP8.5 scenario
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Thus, the growth rate of the annual average minimum temperature increase of the RCP
8.5 scenario is higher than that of the RCP 4.5 scenario, but the distribution of variation trend
of the RCP 8.5 scenario is not as precise as that of the RCP 4.5 scenario.

Figure 9 shows the spatial differentiation of the annual average minimum temperature
variation trend in Bac Giang province by the RCP 4.5 scenario. The annual average
minimum temperature tends to change at 0.029°C/year in the west and decrease to about
0.0270°C/year in the east of the territory.
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Figure 9. Variation of annual average minimum temperature (°C)
in Bac Giang province by RCP4.5 scenario

3.3. Confidence level for the temperature scenario

According to both RCP 4.5 and RCP 8.5 scenarios in Bac Giang, the correlation
coefficients (R?) of climate factors (annual average temperature, annual average maximum
temperature, annual average minimum temperature) are in the range of 0.852 - 0.918. This
shows a good correlation between temperature factor and time. Thus, it makes sense to build
a regression equation. The data source of the study is taken from the scenario of climate
change and sea level rise for Vietnam by day in the period 2016-2099. Therefore, the results
of the temperature scenario are reliable and can be used to assess the variation trend of
temperature in the context of climate change in the future for Bac Giang (although this
calculation result may not precisely coincide with the average value calculated for the whole
North of Vietnam as in the climate change scenario of the Ministry of Natural Resources and
Environment).
3.4. Discussion

It can be seen that in Bac Giang, the future variation trend of the annual average
temperature, annual average maximum temperature, and annual average minimum
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temperature has the same uniformity: the lowest in the eastern part, the highest in the western
part of the study territory. We also see an increasing trend in both annual average
temperature, annual average maximum temperature, and annual average minimum
temperature in the study territory for both RCP 4.5 and RCP 8.5 scenarios. While the
variation trend of future annual average temperature is only in the range of 0.0316 -
0.0343°C/year for the RCP 4.5 scenario and 0.0364 - 0.0375°C/year for the RCP 8.5
scenario, the trend of the annual average maximum temperature is higher, up to 0.0400 -
0.0426°C/year and 0.0382 - 0.0400°C/year, respectively; the trend of the annual average
minimum temperature is lower, respectively 0.0269 - 0.0291°C/year and 0.0367 -
0.0370°C/year. The study also shows a good correlation between temperature factor and time
as well as the reliability of the temperature scenario for Bac Giang in the future. Climate
change is happening. The climate is getting hotter and hotter. It would be flawed if we only
relied on average temperature values to assess the impact of climate change. The days of
extreme weather will have the most significant impact on human health and the development
of organisms.

4.  Conclusions

Using quantitative research methods, the study showed that in Bac Giang, the variation
trend of annual average temperature in the future is common from 0.0316 - 0.0343°C/year
for the RCP 4.5 scenario and 0.0364 - 0.0375°C/year for RCP 8.5 scenario. According to
space, the variation trend of annual average temperature gradually increases from the eastern
region to the western part of the province.

The annual average maximum temperature tends to vary from 0.0400 - 0.0426°C/year
for the RCP 4.5 and 0.0382 - 0.0400°C/year for the RCP 8.5 scenario. The variation trend of
the annual average maximum temperature gradually decreases from the lowland areas in the
west to the midland and mountainous areas in the east of the study territory.

The annual average minimum temperature tends to vary from 0,0269 - 0,0291°C/year
for the RCP 4.5 and 0,0367 - 0,0370°C/year for the RCP 8.5 scenario. The variation trend of
the annual average minimum temperature gradually decreases from the west to the east of
the study territory.

In the variation trend of temperature factors, the variation trend of annual average
maximum temperature is the largest under both RCP 4.5 and RCP 8.5 scenarios.

The temperature scenario for Bac Giang is very reliable. Therefore, the change in
temperature factor, especially extreme temperatures in the future, will strongly affect the
change in the natural environment and socio-economic activities, especially for agriculture,
and services of the locals. Based on the research results, it can be seen that in Bac Giang,
subtropical crops will reduce yield because of climate warming. Therefore, the province
should pay attention to developing tropical crops in the future.
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Research results can be a good source of data for managers and people, thereby
proposing reasonable solutions to use natural resources and protect the environment,
ensuring the implementation of sustainable socio-economic development goals of
the province.
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TOM TAT

Nam & vung Trung du va mién nii phia Bdc, nén kinh té Bdc Giang con phu thudc vaio tir
nhién, dac biét la nong — lam nghiép, du lich. Do do, bién doi khi hdu da va dang tac dong lon dén
kinh té — xa héi ciia tinh. Sir dung phirong phdp déanh gid twong quan va X8y dung phwong trinh hoi
quy, chiing téi nhdn thdy c6 méi twong quan tot giita thoi gian va cdc yéu té nhiét dg. Tuy nhién, xu
thé bién dsi nhiét do 16i cao hodc 16i thcfp trung binh nam phé bién ¢ mirc cao hon so véi nhiét do
trung binh nam. Xu thé bién doi cac yéu té nhiét do cao nhat & phia Ty va thap nhdt ¢ cdc huyén
mién niii phia Pong tinh. Két qua ndy Sé la co sé dinh hirdng cho ké hoach img phé véi bién déi khi
hdu giai doan tiép theo tai dia phirong.

Tir khéa: nhiét d6 ti thap trung binh nim; nhiét d6 tdi cao trung binh nim; bién ddi khi hau;
xu thé bién d6i ctia nhiét do
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