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Abstract: Diurnal Temperature Range (DTR) is one of global warming indicator which us-
ing only daily minimum temperature (TMin) and daily maximum temperature (TMax) for
calculation. The study aims 1) to analyse trend of TMax, TMin and DTR over the early period
of 215t century (1987 — 2020) and 2) to forecast and analyse trend of TMax, TMin and DTR
over the mid and late period of 215t century (2021 — 2040 and 2041-2100) using MIROC5
(rcp85) model, cooperated with EQM Statistical downscaling method. TMax, TMin, and and
DTR trends of all periods were investigated by Mann Kendall Trend Test and Sen’s slope,
then presented in the form of spatial maps. The most of TMax and TMin trends for all season
and all regions tended to be increasing from year by year with the large increasing of chang-
ing in Northern and Northeast region especially in Winter, except for the last period which
had a large increasing in Summer. However, DTR trends were quietly fluctuated with the
large decreasing of changing in Eastern and Southern part, but the trends become to increase
in the last period. A large DTR decreasing of changing usually occurred in Winter and Rainy
season. The TMax and TMin of all periods were expanding year by year and leading the DTR
decreased in the first and second period, however, a changing of TMax and TMin rate leaded
DTR increasing for the last period. It is a good signal for heat transfer performance which
can help the earth cooling in night time.
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Introduction

Climate variability and global warming issues are significant problem which all sectors and
authorization were interested (Hansen at al., 2010), including Thailand. Thailand is a part
of Southeast Asia which located in low latitude thus, it is normally that sun ray duration is
about 10 — 13 hours per day. The sun ray duration period strongly effects to the area and
leads Thailand has high temperature through year (Thai Meteorological Department,
2016). Activities in urbanization and deforestation also brings Thailand facing to climate
change situation. Moreover, some researchers reported about climate variability in Thai-
land such as an increasing of mean maximum temperature in Summer of Thailand about
0.0087 degree Celsius (°C) per year (Phumkokrux and Rukveratham, 2020). Moreover,
Phumkokrux et al. (2022) simulated mean monthly maximum temperature of Thailand in
Summer of 2020-2030 using INMCM4.0 Model (rcp45) then reported that its temperature
would increase approximately at +0.063 to +0.130 °C per year through Summer with the
highest value at about 41.5 °C. From the situation which mentioned above, this would affect
to all organism life if the temperature would be rising more.

Diurnal air temperature range index (DTR) is one of easy universal method which can
prove that climate is changed without complex and expensive equipment (Karl et al., 1984).
The DTR index is a different value between maximum daily air temperature (TMax) and
minimum daily air temperature (TMin) by subtraction at each meteorological station. DTR
is susceptible a variety of environmental, effects from nature and human such as water va-
por, surface moisture, cloudiness (Trenberth, 2003; Stone and Weaver 2003), urbanization
and agricultural development, and all human activities (Kalnay and Cai, 2003). Therefore,
DTR can remind all authorities and people about climate change issues (Sun et al., 2006).
There are many researchers focusing on studying a change of DTR such as 1) Roy and Ball-
ing Jr. (2004) focused on analysis of maximum and minimum air temperature, DTR, and
cloud covering in seasonal sector over India by gathering the observation data in 1961 —
1990 period. The data were extracted up to 2002, at 1°x 1° resolution for 285 grid cells from
Climate Research Unit. The results presented that maximum and minimum air tempera-
ture increased significantly and DTR significantly decreased in Summer. 2) Jhajharia and
Singh (2011) studied the trend of temperature, DTR and sunshine duration of Northeast
India by gathering the data from 7 stations in terms of season and Annual scale. The results
illustrated that DTR decreased in 4 stations with an increasing of sunshine duration, while
it increased in other 3 stations. and 3) Qu et al. (2014) studied about DTR changing in the
continental United States from 1911 — 2012 period by extraction of maximum, mean, and
minimum daily air temperature values from National Climate Data Center’s Global Histor-
ical Climatology Network Daily. The results presented in yearly, regional, seasonal, and re-
gional in different season sectors, indicated that DTR steadily decreased in all sectors.

As all mentioned above indicated that trend of maximum, minimum air temperature
and DTR index can be efficiency evidence, which can prove about the climate change situ-
ation and global warming in country scale. Therefore, the objectives of this work focused
on 1) to analyse trend of TMax, TMin and DTR over the early period of 215t century (1987 —
2020) and 2) to forecast and analyse trend of TMax, TMin and DTR over the mid and late
period of 215t century (2021 — 2040 and 2041-2100) by using MIROC5 (rcp85) model. The
author strongly has faith in this work that it can support other future study and remind all
sectors about climate variability situation of Thailand.
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Study Area

The work was interested in observation and prediction of the DTR changing in country scale
of Thailand. The country size is about 518,000 kmz2, which is in Southeast Asia at between
5° 37N - 20° 27'N and 97° 22’E - 105° 37’'E (Department of Mineral Resources, 2016). Av-
erage annual temperature was in a range of 25-27 °C and the highest annual precipitation
can be found in a range of 200 — 1,600 mm per year (Thai Meteorological Department,
2016). The study area was separated by meteorological criterion of Thai Meteorological De-
partment into 5 meteorological regions as illustrated in Fig. 1(A), which are: 1) Northern
region covers 15 provinces with many high mountain ranges and small valley as a dominant
geographic topography. The top and left side are located next to Myanmar and Laos. The
right-side is located next to Northeast region and the bottom side is located next to Central
region. The highest point of Thailand is found in this region with the height is about 2,560
metres above mean sea level at Doi Inthanon (a part of the Thanon Thong Chai Range in
Chiang Mai province). 2) Northeast region called Isan, has 20 provinces with the Khorat
Plateau as a distinctive topography. The top and right-side borders to Laos (Separated by
the Mekong River), the left side borders to Northern and Central region (Separated by the
Phetchabun and the Dong Phayayen Mountain ranges) and the bottom-side borders to
Eastern region (Separated by the Thanon Thong Chai Mountain range and the Sankam-
phaeng ranges) and the Dangrék Mountains separates this region from Cambodia. The peak
of mountains in this region are about 400 — 1,300 metres above mean sea level which in-
terrupts winds from the nearest sea. 3) Central region consists of 18 provinces with the
predominantly flat Chao Phraya River valley as important topography. The top side is next
to Northern region, the east side borders to Northeast and Eastern regions (separated by
the Dong Phayayen Mountain ranges), the west side borders to Myanmar (separated by the
Tanaosri mountain ranges) and the bottom side is next to Southern region and the Gulf of
Thailand. The mountains also find with the peak height up to 1,600 metres above mean sea
level. 4) Eastern region consists of 8 provinces with undulating plain as an outstanding
topography. The top locates next to Northern region, the east side is next to Cambodia (sep-
arated by the Cardamom Mountains), the west side borders to Central region and the south
side is next to the Gulf of Thailand. Finally, 5) Southern region has 16 provinces, which
located next to the Gulf of Thailand at the east side and the Andaman Sea at the west side.
Moreover, there are 2 mountain ranges, located from north to south direction (the Nakhon
Si Thammarat and the Phuket Mountain ranges). The overall of topography details of Thai-
land is presented in Fig. 1(B) (Thai Meteorological Department, 2016).

Tab. 1. Meteorological station in Thailand (Meteorological Department of Thailand, 2015)

Meteorological Regions No. of Provinces No. of Stations
Northern 15 24
Northeast 20 25
Central 18 16
Eastern 8 13
Southern 16 26
Overall 77 104
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Fig. 1 (a) Study area of Thailand (Source: Developed from National Geographic, Esri, Garmin,
HERE, UNEP-WCMC, USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, increment P Corp., 2021)
and (b) Topography of Thailand (Source: Developed from Esri, Maxar, Earthstar Geographics, and

the GIS User Community, 2022)

Data, Equipment and Methods

The project collected 2 types of data, which were: first type was observation data about
maximum (TMax), and minimum (TMin) daily air temperature of 1987 — 2020 period. The
data were gathered from 104 meteorological stations and all stations are located in conti-
nental area of Thailand, under Meteorological Department of Thailand responsibility, cov-
ered 5 regions of Thailand as presented in Fig. 1(A) and Tab. 1. The second data was pre-
diction data about TMax and TMin daily air temperature of 1987 — 2020 period. The data
were obtained from Model for Interdisciplinary Research on Climate Version 5 (MIROC5)
with Horizontal Resolution at ~1.4°x1.4° (LatitudexLongitude) (Xiong, 2021), which were
performed in the fifth phase (AR5) of Coupled Model Intercomparison Project Phase 5
(CMIP5) for Intergovernmental Panel on Climate Change (IPCC), developed by Atmos-
phere and Ocean Research Institute (The University of Tokyo), National Institute for Envi-
ronmental Studies, and Japan Agency for Marine-Earth Science and Technology, Japan.
(Watanabe et al., 2010). Therefore, MIROC5 also can be used to forecast TMax and TMin
daily air temperature values of 2021 — 2100 period (Golkar Hamzee Yazd et al., 2019), co-
operated with Statistical Downscaling of General Circulation Models Version 2.0 (SD GCM
V 2.0 software) which can be used to downscale the climate data from all climate models in
CMIP5 project (created and developed by Agricultural and Meteorological Software
(2018)). The downscaling methods which were performed by the software such as 1) the
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Delta, 2) the Quantile Mapping (QM) (Panofsky and Briar, 1968; Gudmundsson, 2012) and
3) the Empirical Quantile Mapping (EQM) (Boe et al., 2007).

MIROC5 provided TMax and TMin dialy air temperature as prediction data with Spa-
tial Coverage at longitude o to 358.5938 and latitude -88.9277 to 88.9277. The data of 1987
— 2006 period were conducted by MIROC5 (historical), extracted by “cmips output: MI-
ROC MIROCs35 historical day atmos day riiip1 v20120710 tasmax” for TMax and “cmips
output1 MIROC MIROC5 historical day atmos day riiip1 v20120710 tasmin” for TMin.
Moreover, the data of 2006 — 2100 period performed by MIROC5 (rcp85), “cmips outputi
MIROC MIROC5 rcp85 mon atmos Amon ri1iip1 v20120710 tasmax” for TMax and “cmips
output1 MIROC MIROC5 rcp85 day atmos day riiip1 v20120710 tasmin” for TMin. The
dataset of historical and rcp85 provided by The German Climate Computing Center (DKRZ:
Deutsches  Klimarechenzentrum  GmbH) and accessed by  https://cera-
www.dkrz.de/WDCC/ui/cerasearch/q

Discrepancy of the observation data and the prediction data of 1987 - 2020 were ex-
amined by Mean Absolute Error (MAE), Mean Absolute Percentage Error (MAPE), Mean
Square Error (MSE), Root Mean Square Error (RMSE), Mean Bias Error (MBE), R-squared
correlation (R-Sq), Pearson coefficient and Index of Agreement as following the equation
(1) — (8) to get the appropriate statistic downscaling method which can be used to forecast
the data of 2020 — 2100 period.

n — .
MAE — Zl=1|Xmod;l,l Xreal,xl (1)
MPAE = 100 lzn Xreali=Xmodel,i (2)
= X odi=1T 2
real,i
MSE — Zi:1|Xreal‘,ril_Xmodel,i| (3)
2
_ |iyn Xmodel,i—Xreal,i
RMSE = j o X a0) (7)@% ) @
1
MBE = ;Z?zl(xmodel,i — Xreari) 5)
Z(Xreali_xmodeli)2>
Sq < Z(Xreal,i - Xreal)2 )6(
Z?: Xmo e,i_Xmo el) Xrea ,i_Xrea
- 1(Xmodet det) Xreat, D) )

JZ?:l(andel,i_)?mndel)z E?:l(xreal,i_}?real)z

n - )?
d =1— 21=1(andel,l Xreal,t) (8)

2?:1(|Xmudel,i_)?real|+|Xreal,i_)?real|)2

Notes: X;qq;; refers to real TMax and TMin value, which is gathered from i meteorological
station, X;0qe1; refers to forecasting TMax and TMin, which is extracted from MIROCs5 at
1 meteorological station, p is Pearson’s correlation coefficient, d is index of agreement. The
lowest values of MAE, MAPE, MSE, RMSE, MBE and the highest values of Pearson’s cor-
relation coefficient, and Index of Agreement (a range from 0 — 1), represents that real data
and prediction data are agreeable.

Diurnal air temperature range (DTR) represents the changing of air temperature of
Thailand by the different value of TMax and TMin at each meteorological station as specific
in the equation (9) (Roy and Balling Jr., 2005; Qu et al., 2014; Pyrgou et al., 2019). The
changing of temperature and DTR could be presented in a form of yearly, regional, and
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seasonal. For the specific detail of season in Thailand, the season is quite different from
universal season in north hemisphere. The approximate season defined as Summer is Feb-
ruary to May, Rainy is June to September and Winter is October to January. The decreasing
of DTR trend indicates that collection of heat increases in the area.

DTR = TMaxdialy,i - TMindialy,i 9)

Note: DTR means Diurnal air temperature range, TMaxg;q;y,; and TMing;q,,,; refer to max-
imum and minimum daily air temperature, respectively at i meteorological station

GIS process cooperated with administrative boundaries of Thailand territory in shapefile
format. The shapefile was retrieved from https://data.humdata.org/dataset/thailand-adminis-
trative-boundaries and obtained on 9 November 2019 by Information Technology Outreach
Services (ITOS) to collect, analyse, and present the TMax, TMin, and DTR easily in form of maps
by raster interpolation method (Kriging) with output cell size at 400 and Number of Point at 12.
Moreover, the trend of TMax and TMin, and DTR were performed by Mann-Kendall Trend Test
and Sen’s slope method in XLSTAT software for student version.

Results and Discussion

Continental Air Temperature Prediction of Mid and Late of 215t Century Pe-
riod

Maximum and minimum air temperature on continental area of Thailand over mid (2021
—2060) and late of 215t century periods (2061 — 2100) were predicted by MIROC5 model,
cooperated with SD GCM V 2.0 software, and run under Delta, EQM and QM methods.
The accuracy of each method was presented that QM method gave the best accuracy in
temperature values with MAE, RSME, MSE, MPAE, MBE, R-Squared, Pearson coeffi-
cient, and Index of Agreement for TMax prediction at 1.289, 1.690, 2.856, 3.920, -0.050,
0.459, 0.678, and 0.809, respectively. The most accuracy indexes of TMin prediction
were agreeable to EQM method with MAE, RSME, MSE, MPAE, MBE, R-Squared, Pear-
son coefficient, and Index of Agreement at 0.966, 1.458, 2.125, 4.622, -0.020, 0.760,
0.872, and 0.893, respectively; however, the index values were not much different from
QM method. Moreover, a comparison of maximum and minimum temperature values in
each region illustrated that the best accuracy values were from EQM as presented in Tab.
2. Therefore, EQM method was selected to predict maximum and minimum temperature
for mid and late of 215t century period.

Tab. 2. An accuracy of each statistical downscaling method for maximum and
minimum temperature prediction
Maximum temperature prediction
Methods MAE RMSE MSE MPAE MBE R Sq Pearson I0A
Delta 1.739 2.241 5.022 5.319 -0.035 0.418 0.647 0.834

EQM 1.273 1.713 2.933 3.861 -0.059 | 0.448 0.669 0.803

QM 1.289 1.690 2.856 3.920 -0.050 | 0.459 0.678 0.809

Minimum temperature prediction
Methods MAE RMSE MSE MPAE MBE R Sq Pearson I0A
Delta 1.274 1.749 3.059 5.922 0.041 0.733 0.856 0.908

EQM 0.966 1.458 2.125 4.622 -0.020 | 0.760 0.872 0.893

QM 0.990 1.462 2.138 4.714 0.002 0.759 0.871 0.893
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Average daily maximum temperature (TMax) characteristics, Trends and
Spatial analysis

Average daily maximum temperature (TMax) of Thailand over 1987-2020 (Early of 215t
century), 2021 — 2040 (Mid of 215t century), and 2061 — 2100 (Late of 215t century) in
Annual (black), Summer (red), Rainy (Green), and Winter (Blue) season were illustrated
in Fig. 2 (first row). The highest and lowest Tmax were found in Summer and Winter,
respectively due to the angle and movement between sun and earth in the Northern hem-
isphere (Scherrer and Scherrer, 2014); however, the TMax of Rainy season was close to
Annual value through over three study period. The TMax usually come from the effect of
incoming solar radiation, however; Cumulonimbus and nimbostratus which is expanding
over the sky can reduce the radiation thus TMax in Rainy season can be reduce by this
reason. (Kumar et al, 2001; Shahid et al., 2012). An average of TMax in Annual, Summer,
Rainy, and Winter was 32.8, 34.5, 32.6, and 31.3 °C for early of 215t century, 33.2, 34.5,
33.6, and 31.4 °C for mid of 215t century, and 33.8, 35.1, 34.1, and 32.2 °C for late of 215t
century. As the results, the TMax of all seasons tended to increase from period to period.
TMax spatial maps of these three periods were displayed by Fig. 3 (a)-(d) for early study
period, (e)-(h) for mid study period, and (i)-(1) for late study period with dark red, light
red, light grey, and light green colour refers to >35.1, 33.1 — 35.0, 31.1 — 33.0, and 29.1 —
31.0 °C, respectively. The maps of Fig. 3 (a)-(d) were agreeable to Kamworapan et al.
(2021), displayed that TMax of all periods were according to line graph that the highest
and the lowest TMax appeared in Summer and Winter respectively. Moreover, the hottest
area was found in the middle of Thailand then gradually decrease in faraway area, cooler
temperature was found especially in upper area of Northern region and upper-east area
of Northeast of Thailand for all study periods.

For mid-21%t century period, the most area of Thailand had TMax about 33.1-35.0 °C
except upper area of Central part and the most area of Northern part had lower of TMax.
However, the hottest area in Summer was found in Eastern part while the coldest area in
Winter was found in lower part of Northern area and upper area of Central region. The
TMax trends of these study periods were calculated by Mann-Kendall trend test and Sen’s
slope method in XLSTAT Statistical software. The results were presented in tab. 3.

The TMax trends of early-21st century period were increasing in all seasons. The nota-
ble TMax increasing trends appeared in Rainy and Winter season for all regions especially
in Southern of Thailand; however, it was also gradually increasing in Summer with a sig-
nificantly at 99%. The TMax increased at a rate of +0.021, +0.015, +0.021, and +0.031 °C
per year for Annual, Summer, Rainy, and Winter respectively. For mid-21st century period,
TMax trends were increasing in all seasons except in Rainy season with a significantly at
99% and some of it at 95%; however, the trends were not change much comparing to early
of 215t period. TMax in Rainy season was decreasing in all regions except in Southern of
Thailand. The TMax was expanding around +0.010, +0.014, and +0.017 °C per year for
Annual, Summer, and Winter respectively while it was dwindling at -0.005 °C per year for
Rainy season.

Spatial distribution changing of TMax between Early and Mid-215t century period was dis-
played by Fig. 3(m — p) that TMax decreased from previous period in central and Eastern part
of Thailand while others increased, especially in Rainy and Winter season, founded around
-1.00 t0 0.5 °C. Even the TMax in Mid-215t century period was cooler than previous, the trend of
Mid-215t century period was increasing for annual and all seasons except in Rainy season.
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Tab. 3. Average daily maximum temperature (TMax) trends in different regions of Thailand

Szo'o 910°0 1LT°0 0T0'0 *LL0°0 8610 Szo'o 900°0 60€°0 LT0o'0 cbo o 8czT 0 uIdyinos
810°0 1€0°0 [A44k4 L10°0 «LL0O 0O 8610 v1o'0 *OIT' 0 6L1°0 610°0 Svo'o Gzz'o uIdiseyq
0€0°'0 210°0 gg8c'0 620°0 €€o0'0 6€zc0 920°'0 €co'o GSz'o g€o'o 6300 tveo [ea1ud)
g€o'o 100°0 vL€ 0 L€0"0 000'0 g86€0 9T0°0 8c0'0 L¥zgo v€o'o 100°0 99¢€'0 1SBIY1LION
Gg¢o'o 100°0 8S¢€o0 L€0"0 000'0 Livo 2€0'0 200°'0 L¥€ 0 G€o'o €20°0 GSzo UIYIION
L300 €000 9€€0 1€0°0 €00°0 1€€°0 9T0'0 010°0 0630 ¥€o'0 S10'0 iz o pueleyy
ado|s anjea-d hels [[epud) ado|s anjea-d hels [[epud) ado|s anjea-d nejs, [[epua)y ado|s anjea-d hels [[epud)
[enuuy JDIUIM Aurey I wwing uo18oy
0013 - 1903
600°0 *+19T°0 gSt1°0 120°0 +§60°0 8810 vooo +S¥S 0 690°0 t10°0 «0I€0 G110 uIdyinos
Yoo 0 «P180 ¥Lo'o 210°0 +891°0 SS1°0 600°0- €L0°0 10g°0- 6000 +0T€0 Sit'0 uidisey
Soo'o «StSo 690°0 S10°0 *19T°0 gSt'0 gI0'0- 980°0 €61 0- €10°0 «¥V8€ 0 660°0 [e11ud)
G100 610°0 €920 0zg0°0 620°0 vtz o 900°0- +01€0 S11°0- 920'0 2100 z8g'0 1SBIY1LION
600°0 +€L0°0 10%°0 S10°0 cboo 8gzT'0 000°0 *196°0 L00O"0- 1100 %9920 9TT1'0 UIdYLION
010°0 «YET 0 691°0 L10°0 +0IT°0 6L1°0 So0°0- «Seto 060°0- t10'0 «SL1°0 gS10 puejrey],
ados anjea-d hels,[[epud) ados anjea-d heyls,[[epud) ado|s anjea-d nejls, [[epua)q adols anjea-d heyls,[[epud)
[enuuy JJUTM Aurey Juwuwng uoidoy
0902 - 1203
0g0'0 200°0 SLE o 120°0 810°0 620 130°0 1000°0> 1250 810°0 +S81°0 681°0 uIdyinos
L10°0 €100 Lo€ o 0T0'0 6vo 0 gbvz o L10°0 Soo'o0 Sv€o €10°0 «€€T 0 gtvt o0 uIdjisey
810°0 L2000 €Lz 0 630°0 +0L0°0 €gzg0 v10°0 +L90°0 9220 g10°0 +90€°0 Lg1'0 [eI1Ud)
6T0°0 100°0 €1v-o 9€0°0 €go'0 08c'0 Gzo'o %00'0 €g8¢€0 0T0'0 +98¢g 0 €€10 1SBIYLION
TT0'0 900°0 LEE O z€o'0 Gzo'o Llz 0 €200 €10°0 Lo€ o g10°0 «cIbo goT1T'0 UIBYIION
120°0 €000 ¥9¢0 1€0°0 Sgo'o Llz 0 120°0 100°0 06€°0 S10°0 +98¢%°0 €€1°0 puereyy
ado|s anjea-d hels [[epud) adols anjea-d hels [[epud) ado|s anjea-d nejs, [[epud)y ado|s anjea-d hels [epud)
[enuuy I21UIM Aurey _ I Wwwng uorgoy
0T03-L86T

73



Early-21st

Mid-21st

Late-21st

Early to Mid- 21st

Mid to Late-21st

MTMax (°C)

E TMax_Annual E s TMax_Summer { ! TMax_Rainy iE TMax_Winter E
1987 - 2020 1987 -2020 | ° 1987 - 2020 1987 - 2020
£ f £E £s f
Alr Tomperature ()
E o, EE E! .o Ezezo E! E
L@ 7 amma () W oemme (@ T e ) e
E TMax_Annual TMax_Summer E ; TMax_Rainy gE TMax_Winter E
2021 - 2060 2021 - 2060 2021 - 2060 2021 - 2060
: F g tEg f
A;rmu-mn:n(-c)
i 3 tf it P ]
I 101200 ] 313390
-
N, .20
s [(0) ) R
3 — — "":"" = K — ""_’:ﬂ" > — ""‘_:" - £
E TMax_Annual EE TMax_Summer g ! TMax_Rainy .gE TMax_Winter
2061 -2100 2061 - 2100 2061 -2100 2061 - 2100
: i i
E g f§
f = .;.;.‘ﬁ:""‘“ .‘:T,ﬂ.‘*"‘s 5 .
TMax Changed (°C)
§ = i £ TMin nnT between EE = TMin Diff. between
L -, 1987-2020 and 20212060 1987-2020 and 2021-2060
) Summer Rainy
; i
i .. Dimersnce () (5] 0w03 g | Difierence (C) [55] 01005 | Jif . Dterence (<) [ owos |4
L ;B0 [Eoswr || ; EE<o EEosw G <0
. 011005 [ 101020 11005 [ 101020
[ ]-oswoo [ |»20
[ i 20212060 an mu-mof
Rainy
i t
Y Pl e
011605 [ 108020

Fig. 3 TMax maps in difference season of (a)-(d) Early-21st century, (e)-(h)
Mid-21st century, (i)-(1) Late-21%t century and TMax Changed in difference season of
(m)-(p) Early to Mid-21st century and (q)-(t) Mid to Late-215t century

74



In late of 215t century period, TMax in all seasons were notable higher than those pre-
vious periods in all regions. The most area of Thailand in Summer faced to the highest tem-
perature except in the most area of Central part, some of lower area of Northern part and
some of lower area of Southern part. Whereas TMax of over Thailand was in a range of 33.1
— 35.0 °C for Annual and Rainy season while it was 31.1 — 33.0 °C for Winter. The trends of
TMax were also adding in all seasons and all regions with a significantly at 99% at nearby
rate around +0.027, +0.034, +0.026, and +0.031 °C per year for Annual, Summer, Rainy,
and Winter season respectively. Moreover, the changing rates of this period were higher
than those previous periods at all.

Spatial distribution changing of TMax between Mid and Late-21st century period were
displayed by Fig. 3(q — t) that TMax increased in the most area then more increasing in the
next faraway area from central part (> +0.0 to +2.0 °C).

Average daily minimum temperature (TMin) Characteristics, Trends and
Spatial analysis

Average daily minimum temperature (TMin) of Thailand over these three periods were
presented in Fig. 2 (second row). The higest TMin appeared in Rainy season due to an effect
of outgoing solar radiation performance which can be blocked by thickness of cloud in
Rainy season (Kumar et al, 2001; Shahid et al., 2012) while the lowest TMin still found in
Winter because of a relationship between earth and sun angular in the Northern hemi-
sphere (Scherrer and Scherrer, 2014). Moreover, TMin in Summer closed to Annual value
for all periods because of the effect of low specific heat capacity on land. Even incoming
solar radiation can be easily come through the earth so much in daytime of Summer, lead-
ing so high temperature; however, the heat can easily emit from land and go back to space
in night-time, leading the air temperature drops. Therefore, TMin in Summer would not be
so much high in Summer. (Ahrens, 2009; American Meteorological Society, 2009; Archer
and Rahmstorf, 2010). An average of Annual, Summer, Rainy, and Winter of TMin for early
of 215t century was 22.9, 23.2, 24.5, and 21.0 °C while it was 23.7, 24.1, 25.2, and 21.8 °C for
mid of 215t century period and for late of 215t century was about 24.6, 25.0, 25.7, and 23.0
°C., respectively. As the results, an average of TMin values were higher from the beginning
to the last study period for all seasons.

TMin spatial maps of these three periods were displayed by Fig. 4 (a)-(d) for early study
period, (e)-(h) for mid study period, and (i)-(1) for late study period with dark blue (Cooler)
to light blue (Hotter). The maps indicated that the lowest of TMin was found in Winter,
following by Summer and Rainy season, respectively in all periods. The lowest of TMin was
always found in the upper area of Thailand especially in Northern, upper-Northeast, and
upper-Central of Thailand, then gradually increased in lower part of Thailand. From these
three periods, TMin tended to be higher from period to period and it tended to hit the high-
est value in the late of 215t century period.
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Tab. 4. Average daily minimum temperature (TMin) trends in different regions of Thailand
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According to the TMin trends of these study periods were calculated by Mann-Kendall
trend test and Sen’s slope method as presented in tab. 4. The TMin trends of all periods
tended to increase in all seasons especially in winter for all regions with the most signifi-
cantly at 99%. The TMin trends of the early-215t century period were increasing at a rate of
+0.031, +0.023, +0.021, and +0.052 °C per year for Annual, Summer, Rainy, and Winter
period, respectively same as a study of Zhang et al. (2021) that the near area of Thailand
had the increasing TMin values about 0 — 0.06 °C per decade. Moreover, the trends also
increased at a rate of +0.019, +0.021, +0.012, and +0.024 °C per year for the mid-21stcen-
tury period of Annual, Summer, Rainy, and Winter period, respectively. For the last period,
the trends also tended to increase at a rate of +0.025, +0.025, +0.016, and +0.038 °C per
year for Annual, Summer, Rainy, and Winter period, respectively. Moreover, the changing
rates of the last period was higher than those previous periods. Furthermore, the changing
of TMin spatial distribution of all seasons indicated that TMin were obviously increasing
from period to period especially in top and right side of Thailand with changing rate at +o
to +2.0 °C as presented in Fig. 4 (m-t).

DTR characteristics, Trends and Spatial analysis

Average diurnal temperature range (DTR) of Thailand over these three study periods, sep-
arated by seasons and annual report, were illustrated in Fig. 2 (Third row). The highest
values were found in Summer due to the effect of heat capacity and heat transfer on land in
Summer (Ahrens, 2009; American Meteorological Society, 2009; Archer and Rahmstorf,
2010) and the lowest DTR values found in Rainy season due to the relationship between a
thickness of cloud and solar radiation performance in Rainy season (Kumar et al, 2001;
Shahid et al., 2012), respectively. However, the DTR values of Winter was closing to Annual
DTR values for through periods. An average of Annual, Summer, Rainy, and Winter of DTR
for early 215t century period was 9.9, 11.3, 8.1, and 10.3 °C, respectively. For mid of 215t cen-
tury period was 11.2, 10.4, 8.4, and 9.6 °C while it was 9.2, 10.2, 8.4, and 9.2 °C respectively
for late of 215t century period. The results indicated that most of DTR in the late period were
lower than those in previous.

DTR spatial maps of these three periods were displayed by Fig. 5 (a)-(d) for early study
period, (e)-(h) for mid study period, and (i)-(1) for late study period with rainbow colour
(Red to Purple refers to the lowest to the highest DTR values). For the overview, upper of
Thailand had higher DTR values than lower part for over three periods. Moreover, DTR
values tended to be lower from period to period and the late of 215t century had the lowest
values. Furthermore, the highest DTR values appeared in Summer, following by Winter;
however, Rainy season had the lowest DTR values. The reason for this phenomenon is a
relationship between cloud over the sky during Rainy season especially for low-level of
cloud can overshadow and reflect sunlight which can reduce the TMax in afternoon (Geerts,
2003, Shahid et al., 2012). Moreover, clouds also drop a long-wave radiation performance
thus TMin values would increase and cause DTR values drop down (Karl et al., 1993, Dai et
al., 1997, Dai et al., 1999, Travis et al., 2004, Zhou et al., 2009, Rai et al., 2012, Shahid et
al., 2012, Xue et al., 2019).

The trends which were calculated from Mann-Kendall trend test and Sen’s slope
method as presented in tab. 5. The results indicated that the most trends of DTR of early
and mid-period of 215t century decreased in all seasons except in Rainy season of first period
with the most significantly at 99% and 95% for first and mid period, respectively. In the
first period, the trends were agreeable to Sun et al. (2019) that the trends were decreasing
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for all regions especially in Winter; however, the Rainy trends decreased only in Central
and Eastern part. The changing rates for all regions were at -0.011, -0.008, +0.001, and
-0.024 °C per year for Annual, Summer, Rainy, and Winter season, respectively. For the
mid of 215t century period, the most trends in all regions decreased especially in Rainy sea-
son with the most significantly at 95%, except in Summer and Winter of Southern part with
the most significantly at 99%. The changing rates for all regions in the mid period were at
-0.008, -0.004, -0.014, and -0.008 °C per year for Annual, Summer, Rainy, and Winter
season, respectively.

However, the DTR trends for the last period tended to increase in all seasons with the
most significantly at 95% especially in summer trend, which its trend tended to increase in
all regions. Moreover, the Rainy trend was increasing in all regions except in Eastern part.
Nevertheless, only the Winter trend was decreasing in all regions except in Eastern part.
The changing rates for all regions were at +0.002, +0.007, +0.009, and -0.011 °C per year
for Annual, Summer, Rainy, and Winter season, respectively.

Focusing on the changing of DTR compared with previous period as presented in Fig.
5 (m - t), indicated that the DTR values tended to decrease in annual, summer, and rainy
season with the more decreasing started from the upper-southern part then expanded to
the north area of Thailand. However, the changing rate of DTR values in Rainy season of
all periods was not changed much comparing with other season. Moreover, the more de-
creasing values were founded in the central area due to the high population density and
urbanization activities cause urban heat island (UHI) there which can increase TMin, and
cooperate to thick of cloud to reduce a long-wave radiation performance leading the DTR
values drop same as a study of Pyrgou et al. (2019) in China.
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Tab. 5. Diurnal temperature range (DTR) trends in different regions of Thailand
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Conclusion

Average daily minimum temperature (TMin), Average daily maximum temperature (TMax)
of early-215t century period (1987-2020), mid-215t century period (2021-2060) and late-21t
century period were modelled by MIROC5 (rep85) model which can represent the meteor-
ological component without any adaptation from human to project the extremely situation,
cooperated with EQM Statistical downscaling method. TMax, TMin, and Diurnal tempera-
ture range (DTR) trends of Thailand in each region and each season for early, mid, and late
of 215t century period were investigated by Mann Kendall Trend Test and Sen’s slope, then
presented in the form of spatial maps by GIS programme with Kriging method. The most
TMax and TMin trends for all season and all regions tended to be increasing year by year
with the large increasing changed in Northern and Northeast region, especially in Winter,
except for the last period which had a large increasing in Summer.

However, DTR is one of global warming indicator which using only air temperature to
calculate. The DTR trends were quietly fluctuated with the large decreasing in Eastern and
Southern part, but the trends become to increase in the last period. A large DTR decreasing
usually occurred in Winter and Rainy season. The TMax and TMin of all periods were
expanding year by year and leading the DTR to decrease in the first and second period.
However, even the TMax and Tmin tended to be increasing and making Thailand to be hot
and hotter for the last period, the DTR trend tended to be increasing also. This can indicate
that it would be a good sign for heat transfer performance in the atmosphere, even so much
incoming solar radiation come but outgoing solar radiation also go out so much and help
the earth cooling in night time.

Park et al. (2019) reported that low daily temperature and + 3°C of DTR changing
leaded more an influenza incidence risk. Wang et al. (2020) and Zheng et al. (2020)
reported that high DTR values changing leaded more chronic respiratory diseases and
increasing blood pressure. Therefore, large fluctuation of TMax, TMin, and DTR values
effected to human life so much in negative way. Moreover, big trees could be easily growing
up in lower DTR values area, more cloud which covered the sky can reduce the growth ob-
stacle from severe drought problem due to a little change of TMax and TMin in same day.
This statement indicated that lower DTR values effected to plant life in positive way, pre-
sented by Zhang et al. (2022). Therefore, difference of each specie responded to different
TMax, TMin and DTR values. The changing of all those values needed to be study to plan
policies, find appropriate and adaptation ways for all life’s activities, leads economic and
social mobility.

However, even this study can be a global warming alarms, only air temperature chang-
ing might not be enough to project the impact of climate change, thus other meteorological
variables would be used to examine in future study.
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