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Abstract

The escalating severity of global warming in the modern era has dangerously
accelerated changes in the Earth's climate, resulting in a climate crisis that has caused
extensive environmental damage, economic disruption, and threats to human livelihoods. In
response to the significance of this issue, this article aims to disseminate knowledge and
enhance understanding of the climate crisis by focusing on four key aspects: (1) the causes of
the climate crisis, (2) the impacts of the climate crisis, (3) mitigation of the climate crisis, and
(4) adaptation to the climate crisis. The findings reveal that a major cause of the climate crisis
is the increasing accumulation of various greenhouse gases—especially carbon dioxide from
human activities—in the atmosphere, which leads to a rise in the Earth's average surface
temperature and results in global warming, ultimately triggering the climate crisis. The impacts
include severe heatwaves, prolonged droughts, heavy rainfall, intense storms, and rapid
melting of polar ice, all of which contribute to accelerated sea level rise. To mitigate the
climate crisis and avoid the risks of future catastrophic disasters, three main strategies must
be implemented in parallel: (1) reducing carbon dioxide emissions into the atmosphere, (2)
removing carbon dioxide from the atmosphere, and (3) capturing carbon dioxide at the point
of emission. These mitigation efforts must go hand in hand with adaptation strategies. This
article systematically synthesizes knowledge based on credible international academic
sources to deepen understanding of the climate crisis and to urge serious action at all levels

to prevent the crisis from escalating beyond the point of resolution.
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Climate Change [IPCC], 2023)
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psmwadea Welfisuiuszduganeugaamnssy (World Meteorological Organization [WMO,
2025) FededunaeiddniitvunliluauanacBa Sufilmanediendnidewmansenuainnis
WasuLasanmgioniai sunseuazlianisadeunduld (United Nations Framework
Convention on Climate Change [UNFCCC], n.d.)

ImEmamuamumizﬁaquﬁmmmﬂ 2024 (State of the Global Climate 2024) w83
psAnsgnieninelan (World Meteorological Organization; WMO) 53ind w.a. 2567 FaLdudi
Souiian IfAnmansaianmeInimanda (extreme weather events) uuulsineiinieufs 151 afe
lan ﬁawﬁumm%augmm AULATIUI HUANYTN LAZNIETULSY ANANTENUABUIEYINTYAE
WAUAY LLaza%’NmmLﬁsﬂmzwiaimﬁa%ﬁaﬁugmﬁﬁﬂﬁqﬂwawﬂizmﬂ (Carrington, 2025)

5ﬂﬁf’fjﬂmwmumaaquﬁ%’agaﬁmLLawfﬂLLS‘ﬁqLmeaau%’gam%m (National Snow and Ice

}% 1

Data Center [NSIDC], 2024a) §3aszysiedn Rutudstnlanlausingnisazanesalusuilduiiiuuin
= . < 5 e ¢ a =2 a& & o4 | v N v a
o1 Tnsy lnglaniziulmeiaasnindudununinevaussdennglaniouwuniian lainns
Y = & A o = 1% a | % d 1Y)
azangfiudvuiniufanasranvae 4.28 arunsenlawns ludsgaseuvesnsuiugiey
w.A. 2567 adurwnsgaduiuil 7 dunwwandnistuiinadfsenraiieulud w.e. 2522
woninil gaundefsuunuiilaniiiiugauedwiaiiesarnarizlansou dedanalvt
sysumddannaeulivuniasiyludnuasilimeintuuinew auugingaaningdeine
NearansenulunenInuasnInuTuLsITUTeY 9 Wi wnn1salisiuilosvenefiuniulnluniy
woumsnANTUT w.A. 2566 LHpsaniutudivasaiefieg19Ind (Barth.Org, 2023) Lastngnisel

gulbriyFludszmeddu WifiiuzUnaguuugonwndunannuiaalul we. 2567 Wesndiuzen

S

adriandundausnlusou 130 U dududfifinistuiindeyalaedrinmuanisuiverdiu Japan
Meteorological Agency (JMA) (NASA Earth Observatory, 2024)
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Tnefiveuwanisfinwly 4 Ussiduman fie (1) amsuedingnanmglenne (2) nanssnuesings
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lngdisziilomuazdunsziidussdanuslulassaselnisgraduszuy denelifauselow
Aomataiuasinuimnainnis wagliludeyaiiugiusenisadunsussmingaaningdeinia
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LﬂﬁﬂuLLUaﬂaquﬁmmﬂ (Intergovernmental Panel on Climate Change; IPCC) %'!ﬂl,ﬂuaﬁluzﬂ'ﬁ?jﬂ
IFBusudnaui awnmddgueannglandouiifntulugatagdu innnfanssuvesuyudiivinli
M TivsUTIBINIA Wnayns wariufuiiugstusuuliinefiatuinieu (PCC, 2023)

msduduianssvesndlugrgnamnssy IindnnazUdosfmiounszan Jeilnaauta
snfuanueulflutunsseineldd Wgduussenimessdeides audvsmnaiuseduauga
M95553077 dawalsiusingnisalisounszan (Greenhouse Effect) (nalndrdqyfiniunuauna
nasuvelan ﬁﬁw’tﬁﬁqmmﬁLaﬁauuﬁuﬁﬂaﬂagiﬁﬂismm 15 asrnaaidiva) anduluogiaguus
nind eufeudsgndnifuasanlivuiuialanuasluduussenmeaniniy gamgfivuiiuiialan
ﬁqn,ﬁ'mqﬁyummmaa"m Aol osauiAaduniizlanyou (National Aeronautics and Space
Administration [NASA], n.d.) srauaaslunini 1 ﬁqamumiajﬁﬁwﬁuﬁdqwaﬁﬂﬁaquﬁmmﬂ
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Natural Human-Enhanced
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fan: (Climate Central, 2024a)
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wualtiunsiutuvasgamgiivuiufiaTan
NamiﬁuﬁﬂaﬁﬁmiLﬂ?{WLLanqmmﬁLa?{suuﬁ’uﬁﬂaﬂftuﬁdawmwmawﬁsﬁumﬁmﬁu

il slundngruddyfinansdiiiuingaunn fedsvuiuialanfuuldufiuged ueg1asanis

TnvaonadosiuuTinuemududuresiedounsranlnsanzaniveulaeenled fduminduly

FuuTIEne (IPCC, 2023) Fauanslunnil 2

GLOBAL TEMPERATURE & CO,

5, PPM
+15 450
TEMPERATURE =~ —

CARBON DIOXIDE ==

10

CLIMATE (%D CENTRAL

M 2 nuannnliunaisduresgamgiiafeuuiuialan (@uiiky) Naenadeaiunis
\iaRuvesingarsusulaeenledluusseinia (@uduag) AsuaU w.e. 2423-2566 (A.A. 1880-2023)
#iy: (Climate Central, 2024b)

UBNIINT TIBITUTINBIANTUIMIUVNAMILALTUUTIIINIAAIIA (NOAA Climate.gov,
2022) fauanandngruanmsinseilelslnuvesmiveuiduduin Aeasvoulaeenludiazan
Faiuduluduussernae ﬁLma'aﬁ'lLﬁ@ehuslmyjmmﬂmil,mﬂmﬁv?’faLW%&W%% Tuwauzfisneaain
IPCC §aszyna831 Jaden1eessuvif wu nsuUsiueinieeiing uaznisssilnvesguuila
liianansoosunsuwildunmsfiniussnndwosguugiadsuuiuialan Tutasamssuiiiiumnld

(IPCC, 2023)
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(COy), Ty (CHy) wazlunfasenias (N,0) fidailufudeunszand dyamdwuusn Tneddiusau
Iuﬂ15LU§8uLLanaﬂﬂwgﬁmmﬁiué’mhuﬂ%mm%aaaz 64, 19 waz 7 auaisu (WMO, 2023a)

dmSuunasUdesndniedounszanidhdyusazaia Sl

aduaulnoenles: dunasdesndnuianniswiluififomameada (laun aufiu 1
LaAms55uTIR) aluniAnsaalWin nsaNuIALYLEs YAAIMNITUNITHEN LAZNITNYNT
asleloml

Hinu: ﬁ%uiﬁﬁngﬂﬂﬁ'@EJEJEJmJ’]f\]’mmiV?’mﬁJl’]’JLLUUU’]&’]“&J& Asiaeedniifenses Msmin
YezyaroewuUlnay WagNIHNTINa

lunfaeeanlyd: gnuasgeanuinnnisiddelulasuduanmeilunianisinens wazain
NITUIUNTNENIUNIPRAENNNTIN LYY qma’mmimmﬁﬁi%ﬂmium%ﬂ QUENNNTIUNAARNUIUTELAN

waznsuanaulyluaou

a1suaulavanlan : Aanisdrdgyvasingaaningiiainia

Froa15veulaeenles Luf1eiFounsrand fuFumazauuind qalud uusseinia
wagausaaeglauuiiy 300-1000 U (NASA, 2019) asusulasenleadsdeilufiimiseunsyan
fnmsndniidssaseingmaningionnia LLazﬁwmwmﬂﬁqmmmiLﬁuqmmﬁm?{wuﬁuﬂﬂaﬂ
widdnenmlunisneliAnnnzlandau (Global Warming Potential; GWP) sninfeiieunszan
¥iindufny (United States Environmental Protection Agency, 2025)

Tneran1snsaniavinafsansueulasenledluduussenalugaoin fiesziainunu
e wudmaeadisiaan 10,000 3 Tuganougaannnssy (Roud w.e. 2293 (a.. 1750) Ane
asuaulneanludiimanududuroudrsmafiiussana 280 daludrudiu (part per million: ppm)

(Rasmussen, 2025) sauanslunin 3
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Carbon dioxide in the atmosphere over the past ten thousand years.
ADDPPM -
L
] e i il  simi iisstirii
1 ———M_a>aMh_— e A5=Siiw™n’ni

9,237 BCE 6,000 BCE 4,000 BCE 2,000 BCE 0 2024

Ad 3 nseansUsunaiigasuaulneanlennglutuussennidluseuian 10,000 U

fiu: (National Park Service [NPS], n.d.)

WATRINISNG 8 ARAAIMNTIN NITHAIULATEINIRAAIMNTINNTULAT DUUUTIUNE W UYRY
Gandmeada ladwalvfineasveulaeenludlutuussenielivsinaiiugaduegeieiiouas
TI057 agiisAumAudNtRGe 351.69 ppm Tul w.e. 2531 (NOAA, 2025) Feguiu “sediu

Aeulasndy” fidnivendansiauslil 350 ppm (Sengupta and Pandey, 2019) Wupsausn

[y

Laregfiseiu 401.01 ppm Tud w.a. 2558 (NOAA, 2025) ﬁ?fa'qﬁl,ﬁu 400 ppm Fn3nenaans

Y

seyindusyauiBudonleadu “ganden” vesszuuglionnielan (Lenton et al, 2008) waziiiudu

9

AoLtesRaNTEAu 424.61 ppm Tul w.a. 2567 (NOAA, 2025)
9l 91INUANFIUNITIATIZINIAIANTNTUYBai1gAsUaulaeanlan luussennialuye
N 2:; [ = aa 1 A 6V
2R 9 INLAUUILTILAZNITANYINIIBIAINGT WUTIMaBALIaT 800,000 TV WIuLT A
Asuaulasenledliimedimaududugainy 300 ppm (NOAA, 2024) WagA1ANudutuadfine
asveulaeenlydlulaguddoluseivaiigaluseunaegneios 4.5 1T (EARTH.ORG, 2021)
Tunneaud Ingeanmgionianiadululagdu Jamemdinunainalanieuiiia
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NANTENUVBLINGATANNTBINA

NgeanmglennImIInAIzlanieu dawansenuegagulsItesruugieniAvadlan il

a

AnaNINeINIATOUNINTY AUANIARUTUTIUIAE YN ToUNE1IUIULALAVUINHUAY BN

v o | a [y LY

fahungnsiindeiufinseniaiizeuss ldesdueduninuiousunss soudseniuu duanuidn

Y

o w

JUNSU LATWIYNIEITI S2uD9UuT 90 1anTiazaed1a99819590157 F 9Tanuataluasianing

Beveasesssuridauanden wswgia uasdeulunaeniaevesian
1) aarunsalgangfitaisuuiuiialan
anududuresfimiounszanlasianizarsvaulasenlad fifiugeduegrsdaiiosly
Fuvssenie Lﬂuﬂaﬁ’aﬁwﬁmﬁﬁma‘lﬁqmmﬁLa?{auuv‘iﬂuﬁaiaﬂLﬁmqaashwiaﬁaﬂwdammswﬁ
W Tnefidnsniintuades 0.21 swnwaloanenmssuiud w.a. 2522-2567 (Copernicus
Climate Change Service [C3S], n.d.)

a

lnesieauresesAnisggdeniveilan (WMO, 2025) laszyin 10 Ynflgamgiiasanidu

q

UsAnsaiduusinglutael we. 2558-2567 fauandlunind 4

("ﬁﬂ‘- Global surface temperature: increase above pre-industrial
Reference period: pre industrial (1850-1%00) - Credit: C25/ECMWF
Annual averages, since 1967
T - o
ERAS data
Ln ||||||||
IlIIIIIlllIIIIII|I|I||I“II|‘|“||‘|“||“‘|‘|||
18y 1850 1990 2000 2070 2020 202Z4
*Other sources Comprise JRA-30, GISTEMPY4, NOAAGIobalTempwe, Berkeley Earth, HadCRUTS.
Estimate for 2024 iz baged on ERAS and JRA-30 data only.
Bl st (opamcus (P, SEEGMWE

Al 4 nsluansAmaUdsunlasgamnpiindsuuiiuinlanmilessiuganougnanmnssuasusd
W.A. 2483-2567 (A.¢l. 1940-2024)
fia: (McCabe, 2025)

(%
Y]

M4il neesAn1seneningilan (WMO) lneansgaukeunsdn U w.a 2567 AN1ULN
TndguuiuialaniiA1eg 15.10 ssrwaled Fadoiluseivgeaaiunaiinisdudinads

.. 2393 (McCabe, 2025) Taggsnindiad ssganougnamnssy (w.a. 2393-2443)
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=

Usgann 1.55 + 0.13 ssenwailva sulumfiguiudadiin 1.5 esmiwalea Nenuanasdtanssy

{ a

Huadiusn udldidoiniudasiinegsans (WMO, 2025)

dsuanvnddnivhlfoamnfindevuiiuinlanfivgiuetisannluged we. 2566-2567
wnUsinafeasueulaeenlsdiifuunntulutuussenia lnedusingnisalieadlyfintu
agaguussduladeady (WMO, 2025)

2) 4AMNBINAHAY?

=

n1sdsuwlataningiioniafisuussainanglansou aunateduingaaningdeinia

9

U s

dsnalivaneysemaiilandeandnfumanisaianmeniagada (Extreme Weather) fiandu
Audeu Suuds duanmiin wagny Andanusuusaesintuesass uasthmnadsauideme
soTingjau tasugha warszuuinaluvareninialan

2.1) ARUAMUTOUTULTS

osAn1sgaiesineilan (WMO) fens “Adunmiou” (Heatwave) 1 1utananiigumad
geanluusas fugainiAiadsgsanmuaningionnaund ($290 . 2504-2533) aghatios 5 e
wadeaRareiudunaiunnd 5 $u FeenaneliAnnansgnudequnmuesywd ssuuiina way
iAsugnaluniinia (interational Federation of Red Cross and Red Crescent Societies [IFRC],

2021)

£ '
= IS

dmsumsNsalaauANUTouNaenNENNeTULIINER WaTuLleaT w.A. 2546 NnIUylsy

Y a aa o

v QQ‘I ! I~ ! d‘ ! (% 6 ! Yal 1
AIYBUNHUNGININ 40 ssAwaldeanallosninaesduni dewalrdadedinduiunia 70,000 AU

53

ndeymguamiieatesiuninuiau (Robine, et al., 2008)

Tl w.A. 2567 A5189ur09nIUeRHuINeiaBuRe (India Meteorological Department

'
| P

[IMD], 2024) s¥yin Miflesgslusgavaniuvestsemaduide foandayiunduniudouiigumgiigeds
50.5 DeAYALTYA

2.2) fBudE1uu

pumgiadsuuiuialanfifiugeduidesainamslandou dwmanseduliiningniouds
Tuvanepdmaialan esndnnisssmeveninniufiuuasuvaifiugsdu auruigans
vanpauiluumssinfuuasiufinunsnssy Ssdamansenusio osfenrusiuasaiuasems

anane iU utand e BamsneInsuIog 19Ul

=

laael w.a. 2563-2566 gin1akeniningiueenlaeanizUseinalaunde 1esleides uay

¥ a v LY ¥ Q‘I ! IS d‘ J dll =<
LAY G]ENLN‘UﬁyﬂUﬂULL@QEULL?\‘WI@@IUi@Uﬂ’J’] 40 U 1Ua99NNNNTU0HUABDLUDING 5 §an1a Usenau
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FounByAun1IErIALAAUDIMTLAL AN DE1ITUNTS WagaNNTT 1.5 runudetensniendiniu
LAY (ShelterBox USA, n.d.)

Tud w.a. 2567 Ussimausndouszauiufoudesuusiiigaluseunaenmssy audwalyidou
a3udaduuvdssdalnimdsiminvesussmaissduihanas JuszuuNan i feangadliung
Aevimuaduniiusn dsalivanefiuiiinniznauaauliidunatuiu (The Guardian, 2024)

2.3) eluanwtin

amglanfeu demalnemssiouiunuasanuguisosuluvaneiuiivialon fegumnd
vosRnmealuimaynsiiugsluegaseiios vilfnssemenaredulovesihanfiumanyms
diuvssmaidasiiutunnn Tuusssniadduiinalotaraumniu udufanisauuy
nanewdurupniiilutaeszesnadu %ﬂﬁmwgﬁm&;ﬂ’]iﬂiﬁﬂﬂamﬁfuwé’uiuuawgﬁamﬁ'ﬂan

pamdnnsmeiiandiGonin “ngues Clausius—Clapeyron” 58y qquﬁﬁuawﬁmmﬂﬁ
Futuyn 1 esmwadea wwvliorniranusadnifuledlfifisdulssunndesas 7 Douville, et
al., 2022) iy gampdfingsduananslaniou Jsausoifudneninnisiniiulouives

=

Us38IMA i lruanvinuasdnugulsennguy

(%
1Y [

Tl w.e. 2565 Ysewalfanudeandydunuanudnidaund auneliiingnndeasalng

o

=3

a¥emnudsmeoguguusidelasiadeiugiu iasugia wosdsauveslssina laedldided3
n11 1,700 AU (Rafferty., & Metych, n.d.)

Tud w.a. 2567 iRawnnsalunnwinseilesfidminuiauds Ussmaau lnofiusunm
thruazaugegnis 720.0 fedumsnelunan 12 Halus dwalifomivhudundy adannudone
DENTULTY UazildiFedInognelos 232 518 (Climate COPERNICUS, 2024)

2.4) WYUK

punpifuAnivziandefifiugstuessiaiissinnnizlaniou venanifuundandsny
ddyromanafuayausuusemngendou dillnavhliluumaymsiishnmsss ey
ety neluvsseniedafimnutuayaunty Hliduivsinadunnty sudumelhiedivh
suusslunaneiiud

i wglideu (Haiyan) fewdunddumemyunioudiyuusaiign MaodudUszina
AaUDuddoifoungadniou w.a. 2556 freausIanganyszanal 315 Alawnssedalus
assarudemeegmdndelasadsiiugiu waediidedinnnndt 6,300 Au (WMO, 2023b)

Tl w.e. 2567 Wnmgryuasdouitilandiuauunnds 86 gn daludwauiiBunigsedy
suuse 43 gn uazndumguunalvg 22 gn (€3S, 2025) wigwanidwmalfiAnivhunazaiiann
AomelunatsUseinag lasiidanuiuussianfe “wigisedinudadu” dJelifdsussdesedu 5

AreAUEIaNaRade 282 Alawnsdedlutasag nantumiaunIkentaufn Laggoauiasa

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



o o

NI U 30 adufl 2 wwiey - Gquiey 2568 Page | 288

[
[

< [ = = ) a [y a ] Y a H ' 13 = 1
Juseeiu 3 WewaduiesgriaeIavesanszowsini dwaliiinuiunazainniudsme g
JUTI enensngau laseadiaiugiu ssuvasisyulng wasiasugnalaesauegaduliniig
(Breen, 2024)
a4 3 o« & o <
3) HuuuYedalanazangfiag1esIng
Tnesssuwd Windadalanfivueiuilwdsuwdasauggnia Tnednisveedauinanaly
ganun7 wasnadnngalugaseu ag1elsiniy YeyannaudTeyaiuzuaziindunvii
YoIANTFOININT (NASA, 2024) 53y Nufivudsdlanisludnlanwiowazldduuilduanas
agseLlioarsIng) Weswndnsnisazanevesduitilaniivausinitaedelusin a1nwa
1% L da 2 a =~ v 1
Y8IN1ElANTOULATN1TANAIVDINUNHIUIUTIFVY Fadenalvirnsasiaunas (albedo) anas
Yuginuiuaymsddugadundanuanuseuldundy iiiuiudiiviesgasaieisavunui
#e (NSIDC, 2020)
= ? & o S a
3.1) HuuudNUnAgIMEYNIaIsnAn
= 4 % 2 A € a = W & A ) o =
U w.e. 2567 Aududsiuneguuvmiaynsensniin dnsnefiveneiunisseivasgalse 3

Y 9

Tugegauuniveniouduian lnediiuiwded 14.87 Suaseilawns Jaduvuindngadusu

q

71 15 Husasssuinistuiinmendiedlut we. 2522 (NSIDC, 2024b) wazanndulainnisazans
) a L A = o o o | v a ) ad A A A ~
MudvuaiunanasdeseausgauseiUlugggSeuvenneuiuesu lnsdnuniademaeie

o A = & = v v A v O | v s v ~ = o
4.28 drusseilawns  Faduvuaiangaduaun 7 dudwainisduiinalsaiiisuiduduun
(NSIDC, 2024a)

3.2) AududafiunaAgunivuaunsning

§ a a

a a 3= d' o ~ & A =
U n.@. 2567 NUUWLLTQVWLamﬂﬂﬂaqllLL@umqﬁﬂmﬂqLﬂﬂﬂqiagaqﬂ(ﬂa AUHUVUINUNARN IO

[

szaumanUszindlutisggfouveniouiiuiny Inefituilindeeyi 1.98 dunseilawns Juiu

FEAUAGASUAUN 2 $3UAUT WA, 2565 duausisudnistuiindeyaainaniiienlud wa. 2522

[y

(NSIDC, 2025) waziinnisnefisuvergiiuiiteszaugeanuszatlugugavunvesiouiueneu
Tnodiiuildeoyi 17.16 d1un1sneilawns Fuduszduamgaduiui 2 se931nseiungaty
U .. 2566 diaiantios (NSIDC, 2024¢)

4) sEAUUMEIALNIETY

seau Ml Ngedu danvavdnananasstadesiu Ae N13818AIveIU MELALTDI3IN

(% '
[ =

pamnimeafifiugalu uaznisararevesiutiuds lnsanezuinudalan wu nuuauduas

wausinfiny saudssnstndeuungings Sedenalmindadiuausnnlvaasgumagms
foyannnzinfemaufisauandidiuin lutsanummseiiunssdudmeanderilan

diugetuagisdaiiios Inefidnsinsifistuegfivssanm 2.1 fafunsdeTluged we. 2536-2545

waztsamuduyszana 4.7 faawwnssotlugel w.A. 2558-2567 (WMO, 2025)

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



o o

NI U 30 adufl 2 wwiey - Gquiey 2568 Page | 289

MsLiiLTUYeITEAULIMELanIE BRI IS ALl dwansenuagiesuustluvaneniinig laglanig

' ' 1%
o [y I 1 [

fuUsEnaviinzuasTuneia AfeundaiudiviiuussnsiwassuswIndy yenaniidwilv

o¥

Andgmnisiamzeils nsinavesiifudigiuiinisinensuazunaiidn sauvaiuam

[ ]

JuLsIvRIMNgRAuTiFaingueRs Fedenansenudoanuvanvatemsin muas sruUinA Rl
sdaidnsduiudinvesuszvvusisluiuanuiiuasdiuiegorde uasarusunmisems
Tnoannzlulsymaidniauidninensiialunssuilefuseanauaningraningiiennia
Tuninegaain HANSENUIBIINGAFNINYTDINA afeRiviniseInia nsavaneiaeg s
snwesudedalan LLazﬁzé’UﬁmzLaLﬁmqﬁu FUsngAuuustasadnauand st uludag
VaNeNAITETHILIN FenTenuReszULing AIMaINYa1en1e TN wag AN InTe e

MaluAuguam ANUlUAWILEMIS Warn13aNsaTInluituideasiy

NUTIIMINgAENNHTDINA
N13UTIMINGAANINYTBINA LNONANALIMEULAINABTURNNIAINUTUUTILAL VL AD

'
o v A

nsinduresseaudmeia teluisesddyidodinisaiiunisiusg1easedanaziseniu lnganiy
n1sann1sUassfiigasvaulaeanles wsizminliinisaiunisaivauniadninnisiaesing
& I3 P L a a a ' a = a 1) )
msuaulagenled gamgiieisuuiuitlanefaiiiuaniundl 1.5 ssrmgadeadiomeuiussau
gANaUaNaIMNIIY i eidugandniud1dsy (tipping points) Aiviliszuugdeinieinnis
Wasuwlasegnsdunauiassuuse Waeldaunsadaunduld (Carbon Brief, 2024)
dmiun1sussmingaaningdeinia wWeannisazauvesiigasvaulneonlyd lugy

[
[ v

UFFEINTA @HNTOANRUNTLAUL 3 WUINNUAN AT

1) msaansudesansuaulasanludgiuussenia

- anmsMndiruanidemamioada

Fondweadaiduuna imdanunssuandn ﬁﬂa'asJf‘w"wm%uauvl,@aaﬂl%ﬁaﬁ?umimmﬁ
uniign Fafun15anNTRONNEIUMENE WY nsannisderummus et warannswan
Tniharnguiiv Saduisfannseannisuaesinanisuaulaeanlenlalagnss

- nslindsemegnalivssaviam wasdsungfnssunisuslon

nslamsnensedaiiuseansam wu annsld (Reduce) n514%1 (Reuse) nsdouua
(Repair) kagn15Ufues (Reject) anunsnann1slinganu wazannisuaesfinsasusulaeanlenla

- daaumslindenunyuieu

n1sRaLkarduaTuMSIInS I uryLdsy WU NEIULEIRITINY NEIIUAL LEaTNAIY
1 Faduundindnuitlduaes freadveulneenlus

- YSuugadsgansnmnslindsauluniaasugia

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



o o

NI U 30 adufl 2 wwiey - Gquiey 2568 Page | 290

mslindsauegalivszansnmlumagaamnssy nsvuds uazenans iudnuieuuamia
ffidnunmnisannisldndsaulaeldannandn wu n1sldssuurudsutary n1sUSuLUa s
nsrvIunsnanlulssulrlindsutosas Lagn15e0nluUDIATUTENIANEIIUY

- iduuasiaumeluladansuous

duasun1sidonaswaunnaluladfiannisuassfigaisvaulasenled wu wunmes
Uszansnmgedmnusasudliin nssuaunsuanivdesfineafueulasenludsn wasufAzeiadli
LirelAnfaasusulnoenlsslunisnan dsanunsativannsianmdsuanidemamoadalaly
SYEYYT

2) mstiafeaivaulasenladesnanduussennid

nsiiafsasusulneenlasoenainduussennia wiefiEendn Carbon Dioxide Removal
(CDR) Junwameddiitisantsinaiieaiueulneenlesiiazauluduussernia Ina3anng
sssunavinalulad Ssanunsaviilaaed

- dusdunsugniilmiuasnmsuntiegnediiu

L“ﬂufs%maﬁiiwmaﬁﬁﬂss?ﬁn%qua Tums@m%’uﬁwm%vauimaaﬂisziﬁaamm%’jumimﬂ’m
TneUrldvhwindiBuunassniuasuau (carbon sink) Tnesunszuiunsdauasiziuas deduls
wgadufigansuaulavenied ududoudumstlnanafiiuliludols Tu uasiu

- aslwalulagidnduasveulaeanlenainainielaenss (Direct Air Capture: DAC)

fhognansuszandlfimeluladi wu "fuliiussius’ wie MechanicalTree™ Aifiarmanansn
snduiwmsuenlneenladeanainoinialdifaninduliassuszana 1,000 wir lnemndndaduls
Usefugauiu 1,200 Ay 913a1u130i19nfingarsusulaeanlenlauszuia 100 wesndusedu
(Conflict Resolution Unit, 2022)

3) msmanfneasuaulaeenludiivdesaanainunainan

nsmdnfensuaulneenlsivdeseananundwansuinlng wu tselidhild@oumas
Weoada Tsendurhsly wazlsssrugaannnssy Wusuimisdrdglunisaivaunisazauing
asusulaeenlsdluduussennie

weluladfianusasndufivaisueulneenleslilaensianuasuass (point sources)
Aeufifneaensznediuanden aunsautseanidu 3 wuamandn feil

- welulagnisandusavinifiuansueu

(Carbon Capture and Storage: CCS)

Junszuaunmsandufeasveulneenlssainunaandnlaenss udaideildunsaduls

TuundsdnifuldRuiidaudasndegeogiesnns wu duiiusnsuldfuseduin niounasing

aa ~ o Q) Yev ¢ & Y
sysuyaTvunanin ietesiuldlvinvansveulneenluniilvandugussenia

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



o o

NI U 30 adufl 2 wwiey - Gquiey 2568 Page | 291

- walulagnisanduuaznsladsslovdanineasueulaeenlen
(Carbon Capture and Utilization; CCU)

Hunsdndufinsansveulneenledfivdeseenanunasnan wdhanuyssuldusslovilu
NILUIUNTNI@AINNTIN WU NINERANSIAN (WY lunuea gi5e nTelndiued) NSHAMTDLNES
FuA5191 (19U synthetic methane w38 e-fuels) MIwaniannoasns (1Wu Aouninfldfe
advaulpoenluslunszuiumsyinliuden) warnamnzidsamsiedefvaiveulaeonlys e
NAMNBIYNT WIONAIITUTININ

- walulagnsandu nsldusylevy waznisiniiuansuau

(Carbon Capture, Utilization and Storage: CCUS)

Hun1ssausening CCS war CCU Taasnduinemsuaulasenlenfivdesaanainumandn
widunianldussTevdmunuiniewes CCU wazdd@uiimdssnsniulilunmasivanslénu
fiaenfomuuuImawes CCS deiorduiafitioiindseansawnsdnnisansuouldunndaiu

1PENEITNUNFIIUTENRINUTENA (International Energy Agency - IEA) m1AA158470
welulad CCUS ddnaanlunisininuansusuds 1.2 Angdunalniglul 2030 mndinisaamuuas

Mruauleugaiuayueg199393s (Oil and Gas Climate Initiative [OGCI], n.d.)

'
Y |

TUNUIYAIIUIN mimimﬁﬂqmaquﬁmmmLﬁu?ﬁﬁﬂﬁ’muasLi'whu \enanideanig
w3y Auingraningfionniafiniaiuguuss TaefidmnendnAeannisavauvesieisaunszan
Tneazasueulnoonleddadusnisdfyuesingai mssidunisednaivszansamsnduges
yarug fuits 3 wuans Idun nsaanisudesaisueulasenledgduusseania nnsmdnafie
ansuaulneenlasoonaniuusssnnia uasmstidafwaiveulasenludiivdosesnainunasnan
idosanudazuuimsiidedidauaz Anoamdiuansiieiu uiiieysunnissaufuazdroiuniig
anunsalumsanaududuresieesveulaeenledlifisluszordunarsrozen uasihlugenu

gagulunmssullieduingeaningiionnialaseeiiuseangan

n1suiudaredIngadnngiionnid
msUussioingaanmgiionnia Wuwumsdhdyiivasiiuamuannsalunisiuiionnss
FRNTUTY dieanaudssanuansenuiiinty
dmsuiegauumemsuiuineingaanngiiennie althl
1) mswaulasairsiuglimunusiesawenmafiudsundas
- mswandlemeni (Sponge City)
Humseenuuudediannsogadusassnifuisuiuiuiififer Nuindidu was

FEUUIANTUINUTTIUYF WU Nuiigui iiediganaadesniniivig

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



o o

NI U 30 adufl 2 wwiey - Gquiey 2568 Page | 292

- msdamanineinsihegnedsiu
Wy msadueafuiuunadnuazssuuiAvin Wediuausuasiiuirietouds
- msahaundesiudwhukesssuvssuieifidusyansnm
W nsadeduin Weu warsvuuszuieh sesfuiinauluidiuduanndusnmin
2) msusuidlumanuasnssulidenadasiuaniweiniaiiiaeunta
- ﬂﬁﬂ’wmﬂ’uﬁ:ﬁﬁuﬁwumu@iaamwa1mmjm%’ja
m9iseuarRmLTS e Tiaunsonuiornuuiwdauas i wu fuginiinum
soruuidsiazivhuds etesnvinandaluanwerniafiluuiuey
- msldwaluladnisinens
nsthneluled wu ssudlimbuuumendioannisgaydet uesnstifoyaneinsal
91t tewfiuuszavsnmnslitnaranaudssanfouds
3) NSUAIUTIUVBIYAVULALNTATNANUATENTNS
- MsflduTINTDIgUBY
daaSuliguvuidiusy lunsnunuwagailiunisusudsedngaaningiiennia wu
MsdaviuRuUIURsEdUYiosiiu msaennunszmiing
- nslanuuavszeuAnaduingranimgfiennia waziSnisususiiivanzay il
s ¥eunay fuflofuanumsnifienaiiniy
a) msduasun1sideuasianmaluladiieadas
- msdaasunsiteuaziammelulad fvaglunisusuideingeaningiionnia wu
sEuUL U Ba 19l wAaluladn133an1snInenssssuea waznsidmalulad
asaumalunITIUEUNISInEas Weliuanuannsalunsiuiiedunansznuiiens
Antuluaunag
Tumneanuin msuiuireingaanmgionnimdunalndidny Asndudesdiuaiugly
AUNITANNITEEENYRINYISoUNTEAN LAgaIRENITYTINITRIAANNS Alulad wazn1sildiusy
nnynaadnluden iitoaduaiisanudavgduresguau szuuiasgha wagszuuing Iianns
sesfunagitunransynutesingaanwndonndldesnedaiu
G
amglaneudiviauguuse inanmsasaufvesimisounszanyiasa o laganis
msvoulasanlealuduussenia filundsdesdfananmsmiindidomndmioada audusua
AuninseAuaunanasssned nsvidenaisdlianingfionniaudsundasedssndiassunss

waangingraningdenie NUTINYHIWMANITAlan e INIAGATI WU ARUAIINTOUTULS

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



LY

NI U7 30 aliufl 2 wwnsu - Squieu 2568 Page | 293

foudeaiuu dupnnindundu uaznigiiaauss saudanisazaefiegesingivesiiudelalan
msslisgaudimzianilaniinglu Sedudwawoulesnelminlaym Seusiianmuaiuegsen
VDY WY T9IN1TVIALAAULILALDINT LIATEUN Uazn1sanennuiideeiy

il n1susImNingeanimgienniaaiunsasniiunislauu 3 wuaniaman tawa (1) n1san

U & s & 1 3 o o &V s s

n1sudesi1ga1ivaulneanledg Tuusseinia (2) n1sminaiiga1svaulaeenledsanain
FUUTIEINIA kg (3) N1sidningarsveulaeenlediuasysenainunamdn TnensauuuIniag
Fududesduiunismugiunisusumseingaaningdionnia iiemudssansamlunissudioan

HANTENUAMNLNTUSE8E 7

LBNE1I5919D9

Breen, K. (2024). Hurricane Milton was fastest on record to intensify into Category 5 in the
Gulf of Mexico: “Historic storm”. CBS News. Retrieved from
https://www.cbsnews.com/news/hurricane-milton-florida-landfall-records/

Carbon Brief. (2024). Every 0.1 °C of overshoot above 1.5 °C increases risk of crossing tipping
points. Retrieved from https://www.carbonbrief.org/every-0-1c-of-overshoot-above-1-
5c-increases-risk-of-crossing-tipping-points

Carrington, D. (2025). More than 150 ‘unprecedented’ climate disasters struck world in 2024,
says UN. The Guardian. Retrieved from
https://www.theguardian.com/environment/2025/mar/19/unprecedented-climate-
disasters-extreme-weather-un-report

Climate Central. (2024a). Heat-trapping pollution: Greenhouse effect graphic set (2024).
Retrieved from https://www.climatecentral.org/graphic/heat-trapping-pollution-
20247graphicSet=Greenhouse+Effect&location=national&ang=en

Climate Central. (2024b). Annual CO2 peak and temperature — Greenhouse effect graphic
set. Retrieved from https://www.climatecentral.org/graphic/heat-trapping-pollution-
20247graphicSet=Annual+CO2+Peak+and+Temperature&location=national&ang=en

Climate COPERNICUS. (2024). ESOTC 2024 Europe in Focus: Flooding. In European State of
the Climate 2024. Retrieved from https://climate.copernicus.eu/esotc/2024/europe-

in-focus/flooding

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025


https://www.cbsnews.com/news/hurricane-milton-florida-landfall-records/

LY

NI U7 30 aliufl 2 wwnsu - Squieu 2568 Page | 294

Conflict Resolution Unit. (2022). ‘Mechanical tree’ farms show promise for carbon capture.
Retrieved from https://www.conflictresolutionunit.id/mechanical-tree-farms-show-
promise-for-carbon-capture/

Copernicus Climate Change Service. (2025). Global Climate Highlights 2024. Retrieved from
https://climate.copernicus.eu/global-climate-highlights-2024

Copernicus Climate Change Service. (n.d.). Temperature — Climate Indicators. Retrieved from
https://climate.copernicus.eu/climate-indicators/temperature

Douville, H., Qasmi, S., Ribes, A., & Bock, O. (2022). Global warming at near-constant
tropospheric relative humidity is supported by observations. Communications Earth
& Environment, 3, 237. https://doi.org/10.1038/s43247-022-00561-z

Earth.Org. (2021). Atmospheric CO2 reaches highest level in more than 4 million years.
Retrieved from https://earth.org/atmospheric-co2-reaches-highest-level-in-4-million-
years/

Earth.Org. (2023). Antarctica’s floral awakening: How climate change is transforming the
continent’s ecosystem. Retrieved from https://earth.org/antarcticas-floral-awakening-
how-climate-change-is-transforming-the-continents-ecosystem/

India Meteorological Department. (2024, May 29). Press release: Highest maximum
temperature of 50.5 °C reported at Churu (West Rajasthan) [Press releasel.
Government of India, Ministry of Earth Sciences. Retrieved from
https://internal.imd.gov.in/press_release/20240529 pr 3027.pdf

Intergovernmental Panel on Climate Change. (2023). Climate Change 2023: Synthesis Report.
Retrieved from
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR FullVolume.pdf

International Federation of Red Cross and Red Crescent Societies. (2021). Extreme Heat/Heat
Wave. Retrieved from https://wwuw.ifrc.org/sites/default/files/2021-06/10-HEAT-WAVE-
HR.pdf

Lenton, T. M., et al. (2008). Tipping elements in the Earth’s climate system. Nature, 105(6),
1786-1793. https://doi.org/10.1038/nature07238

McCabe, K. (2025). World exceeds 1.5 °C threshold for entire year for the first time. Royal
Meteorological Society. Retrieved from https://www.rmets.org/metmatters/world-

exceeds-15degc-threshold-entire-year-first-time

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



LY

NI U7 30 aliufl 2 wwnsu - Squieu 2568 Page | 295

NASA Earth Observatory. (2024). Mount Fuji bare again after fleeting snow. Retrieved from
https://earthobservatory.nasa.gov/images/153593/mount-fuji-bare-again-after-fleeting-
snow

National Aeronautics and Space Administration. (2019). The atmosphere: Getting a handle
on carbon dioxide. Retrieved from https://science.nasa.gov/earth/climate-
change/greenhouse-gases/the-atmosphere-getting-a-handle-on-carbon-dioxide/

National Aeronautics and Space Administration. (2024). Arctic Sea Ice Near Historic Low;
Antarctic Ice Continues Decline. Retrieved from https://www.nasa.gov/earth/arctic-
sea-ice-near-historic-low-antarctic-ice-continues-decline/

National Aeronautics and Space Administration. (n.d.). The causes of climate change.
Retrieved from https://science.nasa.gov/climate-change/causes/

National Oceanic and Atmospheric Administration. (2024). Climate change: Atmospheric
carbon dioxide. Climate.gov. Retrieved from https://www.climate.gov/news-
features/understanding-climate/climate-change-atmospheric-carbon-dioxide

National Oceanic and Atmospheric Administration. (2025). Trends in atmospheric carbon
dioxide: Annual mean COz at Mauna Loa Observatory, Hawaii. Retrieved from
https://gml.noaa.gov/webdata/ccgg/trends/co2/co2_annmean_mlo.txt

National Park Service. (n.d.). Causes & consequences of climate change at Glacier National
Park. Retrieved from https://www.nps.gov/articles/000/causes-consequences-of-
climate-change-at-glacier-national-park.ntm

National Snow and Ice Data Center. (2020). What are the impacts of Arctic sea ice l0ss?
Retrieved from https://nsidc.org/learn/ask-scientist/what-are-impacts-arctic-sea-ice-
loss

National Snow and Ice Data Center. (2024a). Arctic sea ice extent levels off; 2024 minimum
set. Retrieved from https://nsidc.org/sea-ice-today/analyses/arctic-sea-ice-extent-
levels-2024-minimum-set

National Snow and Ice Data Center. (2024b). Arctic Sea Ice Walking on Sunshine. Retrieved
from https://nsidc.org/sea-ice-today/analyses/arctic-sea-ice-walking-sunshine

National Snow and Ice Data Center. (2024c). 2024 Antarctic sea ice maximum extent finishes
second lowest. Retrieved from https://nsidc.org/sea-ice-today/analyses/2024-

antarctic-sea-ice-maximum-extent-finishes-second-lowest

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025


https://www.nasa.gov/earth/arctic-sea-ice-near-historic-low-antarctic-ice-continues-decline/
https://www.nasa.gov/earth/arctic-sea-ice-near-historic-low-antarctic-ice-continues-decline/
https://nsidc.org/learn/ask-scientist/what-are-impacts-arctic-sea-ice-loss
https://nsidc.org/learn/ask-scientist/what-are-impacts-arctic-sea-ice-loss

LY

NI U7 30 aliufl 2 wwnsu - Squieu 2568 Page | 296

National Snow and Ice Data Center. (2025). Antarctic sea ice minimum hits near-record low
again. Retrieved from https://nsidc.org/sea-ice-today/analyses/antarctic-sea-ice-
minimum-hits-near-record-low-again

NOAA Climate.gov. (2022). How do we know the build-up of carbon dioxide in the
atmosphere is caused by humans? Retrieved from https://www.climate.gov/news-
features/climate-ga/how-do-we-know-build-carbon-dioxide-atmosphere-caused-
humans

Oil and Gas Climate Initiative. (n.d.). Understanding CCUS. Retrieved from
https://ccushub.ogci.com/ccus-basics/understanding-ccus/

Rafferty, J. P., & Metych, M. (n.d.). Pakistan floods of 2022. Retrieved from
https://www.britannica.com/event/Pakistan-floods-of-2022

Rasmussen, C. E. (2025). Atmospheric Carbon Dioxide Growth Rate. Retrieved from
https://mlg.eng.cam.ac.uk/carl/climate/CO2growth.html

Robine, J-M., Cheung, S. L. K., Le Roy, S., Van Oyen, H., Griffiths, C., Michel, J.-P., & Herrmann,
F. R. (2008). Death toll exceeded 70,000 in Europe during the summer of 2003.
Comptes Rendus Biologies, 331(2), 171-178. https://doi.org/10.1016/j.crvi.2007.12.001

Sengupta, R., & Pandey, K. (2019). World breached safe atmospheric CO5 levels 33 years ago.
Down To Earth. Retrieved from https://www.downtoearth.org.in/environment/world-
breached-safe-atmospheric-co2-levels-33-years-ago-64546

ShelterBox USA. (n.d.). East Africa Drought. Retrieved from
https://www.shelterboxusa.org/home-page/horn-of-africa-drought/

The Guardian. (2024). ‘Levels are dropping’: Drought saps Zambia and Zimbabwe of
hydropower. Retrieved from
https://www.theguardian.com/globaldevelopment/2024/nov/11/\evels-are-dropping-
drought-saps-zambia-and-zimbabwe-of-hydropower

United Nations Framework Convention on Climate Change. (n.d.). The Paris Agreement.
Retrieved from https://unfccc.int/process-and-meetings/the-paris-agreement

United States Environmental Protection Agency. (2025). Understanding ¢lobal warming
potentials. Retrieved from https://www.epa.gov/ghgemissions/understanding-global-

warming-potentials

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025


https://ccushub.ogci.com/ccus-basics/understanding-ccus/

L

15613 Ui 30 atuil 2 lwwreu - dguieu 2568 Page | 297

World Meteorological Organization. (2023a). Greenhouse gas concentrations hit record high.
Again. Retrieved from https://wmo.int/news/media-centre/greenhouse-gas-
concentrations-hit-record-high-again

World Meteorological Organization. (2023b). Ten years after Haiyan: Building back better in
the Philippines. Retrieved from https://wmo.int/media/news/ten-years-after-haiyan-
building-back-better-philippines

World Meteorological Organization. (2025). WMO report documents spiralling weather and
climate impacts. Retrieved from https://wmo.int/news/media-centre/wmo-report-

documents-spiralling-weather-and-climate-impacts

Journal of the Association of Researchers Vol. 30 No.2 April-June, 2025



