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FIAERHTE - SRS E MM E RS A T =B
HR LV B R E R > FR R
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TE 7 S ER S SO S {2 T E SR e it R
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TS SR - Rl TR AR - AARER AR

REFEEZLITUTES - GRS —ERINHLRZER
SR R TR L AU SR S B TR A - [ 1 f=
T AT A A -

(1) &BREAEM (Database preparation) ; (2) &= H
Bk s 2 (AutoML) 7 ffy f 2 TH W A AU

(Leveraging SHAP values to choose variables and
AutoML to streamline algorithm enhancement and
(3) AT B BLETAL

(Assessment of algorithm effectiveness and outcome

model development) ;

confirmation in machine learning models) - # 7k >

LT ivly LHVEREIRIERAR -

MHEF(E PR

21 B

ARWFEHEA T ArcMap 10.8 SUASHIIZ L IIAE -
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TRAHRRRYERE - R ER I TIER L T S E RV
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FE=H REINZ3FIA
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SEREHYRA R TR RS - PR IR
FEEORHETT THFEEE 7 F s 2000 £ 2019 £
#2000 2 2018 FEATE RS Fall4kEE (Training
dataset) FIMIEEE (Testing dataset) » H.f1 809%1F &
FllsReE A ERIBEEE > 2096 7E By HlEt 48 F AR 1)
2 - 2019 SFERHIEBHERIE R LAy MR B
(External dataset) ZREgRERAVAIMERE » &4 AR
IR T -
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BIRAIREGSE

REHEEE

2.1.UR = RAS LR SR B & e

BIEHNEERERILTE 76 &2 R mER
MG BB E EE N2 R B VR - [FIRF
BHER = RASRENE(L - ARSSKER - HATH 6
{IEFT 37 MEEHE 3 A% CO2 1 CHy R HEI TR 4E
HYRDRIAIECE: EFLE 2) - Bk CHa b » i3 SEAIE
R B RITEY) (PI0  SHEORL ~ B
fir - REYE) MREHEE (05 - i E
HENRESE) ETIBHE - AT 7SS AR
(e 2000 £EZ 2019 4F) » DURAHERRELRY CO,
(2000 % 2019 ) f1 CH,4 (2002 £ 2019 %) H
SRS - (F Rt 72 AR A B

AN BT - ORE - HMRERT
25 RIGHEDR E RASRE o 2 A EE M A
(Ramanathan & Feng, 2009)  [RI[L: » AHHFFEEF] BT
FEBIR LIRS A Lt A AT AEER AT XGBoost R
HEHAEE PMys ~ NOy fll O3 J2E 534 (Hsu et
al.,2019 ~ Wong et al.,2021a ~ Wong et al.,2021b) {E
VRIS Llﬁbﬁ/if HHREZERE PMys -~ NO;
1 O3 FHFZE 8 S » ERENE ) HIZEE] T 94% ~ 91%
192% » ;éiﬂ%‘jﬁ\ etz - FEAIAVERE AT P SE M
BRI TEEE - ENARER EIEHERE - EUH
JE\[E ~ PR AT ERIMRE - AR E TR/

Bk » SRR R N SRR ER - BT

{58 PO 2 SRS BRI h ARG A ZE U Y R SR8 2=
SRR RS S R BB R GHIR B AT Fobtoes
TR % RAS HEAS AV oy T ER it TR IR EE
Y o A - ARBZEARIR 2B I R AR B ST R
[El > BN TEAIREEE TR R T ARG /R %

2.1.2MODIS % £ ELH > 38
Bk

B EEREREE

BEARIRE

BB EIEN - EEIBERMIZE
B K 25 44 %% (National Aeronautics and Space
Administration, NASA) 8 F 5 3 /Y 78 5 1l f
EER o BT HEREN 248 (Earth Observing
System, EOS) © 5% 242> R BAE A ERHY AR

JEETIMFIREREY 153

J& ~ 7KEE ~ A=Y DL R AE 1 R S it e S By 2
b - B2 EIER HEEBIE AR (The
U.S. Geological Survey, USGS) % 1% » B2 ERE
FAMF R T EENEM R ER - AT
HIFH EOS &1y MOD13Ql 25 6 FiBRIE #E
AERHE - AR AR EIRIRREAVERIRE - BLER
ELHA Moderate Resolution Imaging Spectroradiometer
(MODIS) ?"iE‘aE’\]ZI% (645 H9oK) FIATELAHME
(858 oK) I E: o METH RRALME AR E R IR
(Normalized Difference Vegetation Index, NDVI) Hy
S > 22T R 250 mx250 m < [ 2000 42 H
L - 5 16 KA — RN EEREKISEEDHE R - %
NASA F1 USGS 7 % B FEUHIBesE - tER
756 6 hit NDVI ZEmfRERENE - AT SEM S RFERfiT 5%
# (USGS, 2020) - H & EIEYIFIARSAE I DI 2 R
BEHRI ~ bREE B2 R S se BT AR SRR > A
BFEARE R o SR AR B VB R B A s ]y - ARt
HAH S B AT R R AR R AR S R - RSt > A
BHFERIH ArcGIS Pro $2{5EY “MRATHTAUEE" e
HF 250 m ZE[E] 3 B NDVI UK 2 S0m © j5ff e
HHUER A BAE G R B P (Y - HEH A2
JFIEERIVEIT({E (Brandsma & Konnen, 2006) ° 3%
R EESAE R PREFIRAG(E - [EIRF R R AE B 2 [
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OREE o HIBIERUR R IRFFENEN: » 3 e BUE ST
BRI AT RE A TR E -

2.1.3 26 LA R ERR
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SR LRI - HOER KU
B TR AR LR - Ml EL
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BI40  EEE =SB » G T R -
FbE S0 - R SSRGS - BRA -
B DUR U IS O SO 5 S s
S BB R 61 /NI TS =4RSS4
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2.1.5 R 4EBUE E
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RIDREHESSE AR

2010 8L 2015 FFEEE FEI L & ERERE
[EAH I E R 245 (Geographic Information System,
GIS) ¥ - 15 LB R i BB FTAS Mt 0 A o6 &
AR RN R A1 F S BT RE e 2

2.1.8) 8 = RARFHRUE HEEE

AR TR IR TR BRI = RS e B
% CREE) B 13 R #E UG BB IR
{2 % (L. % 9 & & & (Intergovernmental Panel on
Climate Change, IPCC) {E 2006 FE#A711Y (BFE
EREEMEE ) (2006 IPCC Guidelines for National
Greenhouse Gas Inventories) FTERANIIGRETTT/E - #E
TTEFENERES - R EGFE M (F
HREFHZONE AR E RS ) - SFAECERE 1990
FEFRETRED R 2 RS BRI R R U R ES

AFZE E AT RE SR (PEERBIER
RERISHUE RS 2021 F£1R)) - ZHESGS
T REBRTERRE AR HEREE - 1AL TRE
B RG T BUR YR = AR B R T T B P R
BOSMENRE R E - DU T —EerE A
T REAY R 2 RASBERUE &R « 15 kbR Ryt
FERENLN % R REHE( R R R (R g
BIATE SR AT AR IE B R LAY BRER - P b
A ZEFEE R AR E R B SR | - RAEN
HEFE BRI (BIAIERHE) ~ S8 - BBAL - 3
BHGETARTC (BIANARE AN ~ LS R ] g i e Biy
R o

2.2 FH H e Es 2 B Riiia
FRRIEAY
AHHFERL COy il CHs FVRESRE S A A58 53
R TR IR BRI - UL R
SR - BRI (CO, - CH.) BB
ek~ BRI AR « MO B
RS ~ BN DL, T3t & 2 -

Ry 7EENIAARL > $RA T AR [FIRUISER S E EEA ¢

fEt% AL (Random Forest, RF) ~ $5[EHET| (Gradient
Boosting Regressor, GBR) ~ & & 5 FEF2 - (Light
Gradient Boosting Machine Regressor, LGBMR) ~ }H

BT} (CatBoost Regressor, CBR) FIfix[R 5 & &

F (eXtreme Gradient Boosting, XGBoost) - 32 255 EL

AR BRI BT S (B B AR T

STERMAE © BT I IS D S e A B LAY

R B AR A A = B AV [E]I - HEA SRy
| 4o R P ARV IR AS 70K 5 SRR 1o b T %

KRR ISRy - MIRES T T4E & T AT HLERT

BRI - AEIR D A Y R B B S B A FEOHI

R B REEEENARMT ¢

(1) AN

A, R
® YIRS (sl SR B Bl H — (& A i =]y

BEA T4 (bootstrap sampling) °
® U EENRL - BRI RER T8 - AEE
R R A -
B. £k
® LI oy FAMIRE - HUFT A R SR A SR 2 R R
Ry &S T
® Il TR HUPT A RS TE PEE N i
ESENE
() BEERTAT
A WR{EEE A0y RyEBUE (AEISkEE H R
EAYF9) -

B. W& m=12 .,M:
© S K AT i = yi— Fy (i) -
® EL AR — (AR An(x) o
® SRS Fin(s) = Fm-1(3) + hm(s)» Foef g

B -

Q) BEBEHEAAT

A. ERETTEEER IR SR 240 -

B. (AT E (Leaf-wise Growth) ki
B MAREN BN E (Level-wise
Growth) » fEMIRERCEFIHERENE -

) BRHEFAZ

A. {#FH Ordered Boosting $¥{fi » {EAE (¥
I - GRS SRR o

B. (M HEE4mtS (Target Encoding) ¢z HHAH ]
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22 1 (AR RS o (5 FH A m] BE TR 2808 K H B AR
HEHRIE (BERE) Pl By | MG @A) (RN /AR R
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Eyoes
b (/ﬁﬁﬁa 2255 o: ppb @4 (50 m) z ?j(fgo;o *
RO S R R HEDRE) PM, s pg/m’
NO, ppm
RERE °C
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[eErk = mm
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hRREE (ReENE R s %8H4 (50 m) = i;;jlﬁog *
THEE) MHENRE %
R 360 &
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4F) KGR ° 22019 ¢
EREFMEE R EEE ...
=
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e Bkl o
FEE
BESS
EHEE
KRBT
N5
SIS
WD B ety (2 SRy
B+ SRR 2 i I S
BliEE
757K R PR
7Kg
TEHE
AR
5k B PR R R B A A PR A ':P:zgﬁﬁ RAFE EOEEERE (50 m) 2004 ~ 2006 ~ 2008
7 (R - ] R 2010
H (MHEEECERE) KT F s
FHER
A (AL 5 iR - T FEEE (50 m) 2010 FH1 2015 &
B R TE R
I gtk m
;P;Eljf)%nﬁ (Bt = : i 20m) 2016 4
VIREES 17 16 360 [
MmE TR (TEEsE MLHEOE . o
- | @R/ TR
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- T
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) A E SRR E EE;{E[; 2000 2 2019 &




IROBSE ~ FRORED ~ 10DBEAE ~ RIGE: IESREREFN » HHEREFEE T FBENL 157
RIDREHESSE AR

5 mREERAAR -

A WHABIER FO(y) RyEEUE -

B. ¥WE—% m=12 .,M:

EHE B Lm) = Ty Iy, Fpoy (x0) +
fm(xi)) + 0(fm)

Hrr 1 @k - ORIERNEIE -
AL fin (x) LA e/ M b B Rk -

SOHTEAY Fou(x) = Fuei(x) + nfin(x)

TEEaiEd - 51T BE%EE2E (AutoML)
Rk HELEEANE S HIEL - 55 > HEE
HRLE R P A 2 8 #E 1T Shapley Additive
exPlanations (SHAP) {HztH - i54t SHAP (H{E T
BRI ERMZE - [RIL - SHAP {HCRHY8
SERA R R ER B o (R BRI P - Hoh
5 [ BB AT R/ NI e R S 58 e e 1 B R
P& 5 1 SR A T B S B AR B &/ N 0.01
Pl Ry S B B 5 Y 44 B

Ry T S TERIARGEE - R FAERE RS ()~ H]
EFE (R DURFLERHAIE FHE (Adjusted R?)ZK
i SRR AERESS - [F0F - HURAER B R
(MAE) ~ #9753 (MSE) fI#55RaR272% (RMSE)
SRt BRI TS o MBS LLEIEATRI S
BUEMEITHERY - WDUERERS S ~ R/ NRIREAD &
CRETE B N EEDE -

2.3 B TIEAIH Bag BT A
FEARTAEch AR T Y S B
SR RRAE 1R A BRI - By
THEIRASE S EL AR E A SR T I
T TR e (Robustness)

s EAERES - BUFE A A RS (Overfitting validation) »
9738 X EgzE (10-fold cross-validation, 10-fold CV) -

KITEETHT (Subgroup validation) DURAMEE MR

25 (External validation) - 32 26 5 2HY ELEE:REHI T ¢

(1) BEEERSE « EEtbEG S EFA SRR
HY RAME 2 Y72 AR R A - AR B & 2
A2 SR 0.1 HIa] DIRE A g A 8 42
BEEEEHS -

() TR XS B 75 B NG EIEERY

BE M o KPR TS UL
HIU TR Foalll GREE » FRIBR— 10 1E R MIEtEE - 28
EEIZEE 20 IR — (R A A S
E R s EE - JmiEisfE 720 > RES T AEREN AT
(A U RE RS FIFR B I -
(3) REYBESIHT 15— 7 A e R {E A [ B [ B
fir FETERIRE IR - BFE - B ~ Bk~ &1
T R FFFE AR 2000 2 2019 S AFERTETE -
B [E R T - /%55
STREE Sy BB R S - HETTERER AT
(4) FMNERERIBRES : (71 2019 FFAVERIRERSE B
2000 % 2018 FFERFTEILAVES - HERYZE
SHE BRI MIERE T2 BT -
B VUSRS T ANVAT A TER e S TR
i FT R B ARVRIRE - (R B o] SEMERI AR -
3. &
ARSI  BEAE
RAE RN B 8N
AIRFE 53 RIETES CO, Al CHa BT TR % RS
R PR DR P AR o R T IR TPk B R S
EHRFR 2 o fEFPA[EZET] > #77 CO» Fl CH i
PRI FE R Ao F B AR BUR 7 By 23,223
B 294,475 2 - CO, REEHATRITR S AR 5 5]
MY (FASTHARIRYSE9ME) Br T CO2(415.67 ppm)
KRG BAERE (22.92°C) ~ BE (79.02%) ~ JE#
(1.66 m/s) ~ P& (6.48 mm) - E{E=F2 IR (16.55
m) ~ NDVI (0.25) ~ 150m J7 B[ E ikt ELEERY)
(0.41) ~ RFHRIAFA (24.32°) HIERFGR4ER (0.12°) -
CH, BIREDR Ay P ST 88 R T CH,y
(2.01 ppm) K5 - BAME (23.22°C) - JBE (77.7
%)~ (1.76 m/s) ~ & (5.58 mm) ~ B{E S 2
T (34.42 m) ~ NDVI (0.24) ~ 2500 m J5 [E#[E (5
HEEEEERY) (0.32) ~ KIGRTEFA (23.91) RIKGAR
&y (0.13) -
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E-+NE

F£=H EKBI113F9AH

* 2 IR E R AR RS R A Y B A T

CO fER (N=23,223)

CH4 fHR (N=294,475)

Variable e FREE S/ME SAE Y BREE sy ME SRE BE LR
AMB TEMP (°C) 23.87 5.06 5.5 33.8 24.07 497 0.02 37.14 R R
CO: (ppm) 415.67 19.24 234.52 533.25 - £ /Eh%
CH.4 (ppm) - 200 027 0 878 F
THO1 (°C) 2292  4.95 424 3257 2322 491 3.79  32.79 . _/E _
(HHRESURIE B L T 22 FE A H6)
RHO1 (%) 79.02  8.02 346 99.78 77.7 7.58 2845 99.84 R
(FH R GME R T2 R P 4)
WDO01 (m/s) 1.66  0.81 0.06 1224 1.76 0.95 0.02 13.32 . Am@ _
(FH R ESURE B R E T 22 TN H)
PP01 (mm) 6.48 20.48 0 569.85 5.58 19.03 0 642 (R B 22 )
Dem (m) 16.55 16.09 5 44 3442 67.58 1 448 HE SRR
NDVI 0.25 0.12 0.01 0.74 024 0.12 -0.01 094 R L A A e
LUIT_B1_B150 041 044 0 1 - R
(Cover ratio) (150m J5 Bl E RS HEE)
LUIT_B1_B2500 ; 032 027 0 093 i
(Cover ratio) (2500m 75 Bl E P GHIEL)
Solar_Zenith (°) 2432 1641 026 4853 2391 164 0.01 48.62 KIGKRIEA
Solar Declination (°) 0.12 16.43 -23.44 2344 0.13 1645 -23.44 2344 KIGR4EH

#* 3 N{ERSEEEEEAEIDR = RASEHR IR R A 7 &5

Outcome Temperature (CO2) Temperature (CHa4)
Algorithm GBR XGBR CBR LGBMR RFR GBR XGBR CBR LGBMR RFR
R square 0.997 0.989 0.992 0.993 0.988 0.985 0.999 0.979 0.983 0.992
Adjusted R square 0.997 0.989 0.992 0.993 0.988 0.985 0.999 0.979 0.983 0.992
Training dataset (80%) RMSE 0.3 0.533 0.456 0.416 0.566 0.611 0.056 0.729 0.648 0.449
MSE 0.09 0.284 0.208 0.173 0.32 0.374 0.003 0.531 042 0.202
MAE 0.146 0.301 0.259 0.258 0.292 0.3 0.017 0.383 0.359 0.213
R square 0.982 098 0982 098 0.9730.978 0.981 0.977 0.978 0.975
Adjusted R square 0.981 0.98 0982 098 0.973 0.978 0.981 0.977 0.978 0.975
Testing dataset (20%) RMSE 0.687 0.717 0.681 0.716 0.836 0.742 0.685 0.761 0.739 0.783
MSE 0.472 0.513 0.463 0.512 0.698 0.551 0.469 0.579 0.547 0.613
MAE 0.366 0.409 0.383 0.392 0.467 0.388 0.327 0.399 0.399 0.414
R square 0.981 0.979 0981 0.98 0.9730.978 0.98 0.976 0.978 0.975
Adjusted R square 0.981 0.979 0981 098 0.973 0.978 0.98 0.976 0.978 0.975
10-fold cross-validation RMSE 0.71 0.735 0.703 0.733 0.848 0.746 0.701 0.769 0.747 0.797
MSE 0.504 0.54 0.495 0.537 0.719 0.556 0.492 0.591 0.559 0.635
MAE 0.381 0.41 0.386 0.399 0.469 0.38 0.334 0.397 0.399 0.419
R square 0.977 0.974 0975 0979 0.98 0.981 0.982 0.983 0.981 0.979
Adjusted R square 0.977 0.974 0.975 0.978 0.98 0.981 0.982 0.983 0.981 0.979
External validation RMSE 0.775 0.801 0.803 0.757 0.743 0.595 0.58 0.565 0.584 0.622
MSE 0.601 0.642 0.645 0.573 0.551 0.354 0.337 032 0.341 0.386
MAE 0.408 0.408 0.448 0.379 0.396 0.338 0.32 0.31 0.335 0.368
Averaged validation MAE" 0.394 0.409 0.417 0.389 0.433 0.359 0.327 0.354 0.367 0.393
Averaged validation R? 0.981 0.979 0981 0.98 0.973 0.978 0.98 0.976 0.978 0.975
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Development of an Ambient Temperature Prediction Model Using Machine
Learning by Integrating Greenhouse Gas Emissions, Vegetation Index
Satellite Images, and Land Use Data

Hao-Ting Chang ! Ying-Rong Chern 2 Wan-Yu Liu >* Chih-Da Wu >67°

Abstract

This study integrated greenhouse gases, environmental, and anthropogenic variables, utilizing big data and
five machine learning algorithms, including Random Forest (RF), Gradient Boosting (GBR), Light Gradient
Boosting Machine Regressor (LGBMR), CatBoost Regressor (CBR), and eXtreme Gradient Boosting (XGBoost),
to establish models for estimating ambient temperatures based on two greenhouse gases, CO, and CHs. The
LGBMR model performed best for CO,, while the XGBR model showed better performance for CH4. The R?
values for the CO, and CH4 estimation models were 0.993 and 0.999, respectively. Analysis of SHAP values
confirmed the significant influence of greenhouse gas concentration, humidity, wind speed, and other factors on
predictions. The findings of this study offer new evaluation methods for greenhouse gas emission reduction
strategies and provide crucial insights for global climate change research and policy-making, highlighting the
importance of interdisciplinary collaboration.
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