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Deep Learning: Applications in the
Digitization of Environmental Data
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Pu-Yun Kow, Yun-Ting Wang, Jun-Jie Lin, Jia-Yi Liou, Yu-Wen Chang, Fi-John Chang

R E e R A AP ey AR A A B 2V AL BRLS I TER - RUFRAG LR
A SRR AR EENERT S Eib?ﬁé‘ﬂ*‘ KA ARALTAR] RS TR IRTAR] o
EEFTAAMER T RAEERREAEGRLEN > BEASNETER T RRHMBERLRE T 0 A
AT EEANBB - R R RAGGIRE 5 F 0 L R AR BAERIERAR T2 [ EFRY TR
J& > 3% % (root-mean-square error, RMSE) /& 8.5 % 13.2 ug/m’® % M ° f& &3k 64 T ki KA
FaR ¥ o KHF%#A T DNN-AE 8 - a4 2 FAR Ak 10 & 60 »4EK1s & F7H DNN-
AE A F - C-AE B A £ &4 LT BAR S - 58 AR 23R TU0F B 45+ 45 0] & /2 8 FE
T ALE AT - R T mBey My BERSTARME > RE (RMSE) £ T+l £ T+6 4
021 £ 0.51 m - TARL RR A BAET - HMNEEHAMETAR - RFREH XGBoost #H 1L
fh B EMAARE FRATHRGE S S THRE  BEEAEPARBRESHMIER X - &
RIBTHERL - AR ARG LR A HRE - 2B (A4E) = RH
RBR T 3 e L A RHIR E N AMRNI T o &R 0 ANFIS A A8 E TAR 7 &
B R EAE 0.8 ° CNN B AAR R SR MR Z 09 TAR LR RATF - 43651
A 2 ARIRTAR AT RRE — FIEDF BIRT R - E E SRR AR -

Deep learning accurately captures nonlinear features and sharp changes in data, enabling high-
precision predictions. This study applies it to several environmental issues, including air pollution
forecasting, sewer water level forecasting in Taipei, and greenhouse microclimate forecasting.
For air pollution, historical data from the Environmental Protection Agency station from whole
Taiwan, including six pollution and two meteorological factors, were used. The model's attention
mechanism effectively solved the vanishing gradient problem, significantly improving 72-
hour forecast accuracy, with RMSE errors ranging from 8.5 to 13.2 ug/m’. In sewer water level
forecasting for Taipei, a DNN-AE model was employed, providing stable forecasts for 10 to 60
minutes into the future. Among the models, the C-AE model demonstrated structural advantages,
as its convolutional layers efficiently extracted temporal features, especially when handling time-
varying data. It improved forecasting accuracy, with RMSE errors ranging from 0.21 to 0.51 meters
from T+1 to T+6, yielding the most accurate and stable results. For greenhouse microclimate
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forecasting in Shengang, Changhua, XGBoost was used to select features like TSF for temperature,
SWI for shortwave radiation and RH for relative humidity, reflecting the effects of rolling curtains
and shading systems. The ANFIS model performed best in temperature forecasting, with an
R2 value exceeding 0.8, while CNN excelled in forecasting humidity and light intensity. By
integrating these applications, Taiwan’s environmental forecasting technology will further drive the
development of digital cities, moving towards a smarter and more advanced future.

—  FESEBHHEARIGESSA L ZER

bE & BHEGE D LR BIRATIE L - AN T8'EE (artificial intelligence, Al) FIEEEEE (deep
learning, DL) ¢l 7E#% SR E M H 2 &1 - (S B i AL EER Bl — e OB amBLRE - (2
His B ER AR r 2 B g - RS T BV TEEIRIEE ST - L [ENY - AL B ilr@ss =
SRR R B RE B TH RS - R IR S BORBARBRIERI /e EETH -
PRIEL » SRR E 2 BRI A = (e - 0l « 22055 ~ MiZROKSOR IR = R %
TEH] -

1.1 BRBRZER
7o
i Y

AR Bl AT LAY AR AR AT o TSR TR AR I E SE AR - S A ARG
e A EGERFEREE < R - RRPEFEGIEI O S KREN2E - EES2HIRIETFE
SRS R EZEHG - HARERSR B LIRSS - fLYh - NCDR (2022) Ef5H CMAQ 1
HIHEETAREME /S NRHR HE—RTE » @A TR K RIS A G R &
ER - FEEMREAGTESS - [RE T HAERR TR AIFER (Grell et al., 2005) « RRESEHHE
HE AL RO A A R (L IR EME IR R R R ALVE ] - KRR
BRI EE AR - R LERRAE - MR - BEURE ~ 2% (Goliff
etal., 2013; Zong et al., 2018) °

T - BEE R EEE RS R 2 M DU BEWSR MR 5E 2 - A S HUS FEfl HY 22 5807 B &
B Bl B A T B E0UFEM (Taye, 2023) - EEEERER T RERE TG
N EITHRS A PSR R S A - PG TE MRS HE RS (convolutional neural network, CNN) ~ £
¥GHARCIE (long short-term memory, LSTM) 19423 & ¥ 7T.(gated recurrent unit, GRU) © j52&
FRAUTESAR PM, 5 HYIRE TR 22 AT LB B R B Y B = Y YERETE (Hu et al., 2023)

1.2 #IRKXZFER

HIFRAKAE KBRS  NEEERHEE - BV EKEREH - RIERENNTZ
2 BKSCEMFRAIL LEE L — - RISt R EREY S EE R A Y
HIE K e e 7K B FE TR AR 20 SWAT TR 1 A A A& B i sk i i A 7K B R RE
(Arnold et al., 1998) = ZX1f » Beven (2012) f5H! » VB ACER A » JCHAEARHUR T s
e ZEDIRIHE fEop H EREE A TR - H9E8ER - #8852 % (machine learning, ML) 1%
[ ER A F i ARG A TR _E RO YEREM: (B N EAT Y B AE = (Mosavi et al., 2018) ° i#Z% » Kratzert et
al. (2018) & H LSTM AU 5 T TR R & [E RIS B [ [T E « BLAh - AT Biffniz n] DAEL Y3
HAbe o E—A IR TR ERENE (Zhang et al., 2008)
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b = BRE L ng] - AP R AR — APk - AR E2 KRN - RIS E
It o FREL A T (Fletcher et al., 2013) o AT F TS {EEE /K i s & BIHG BB e 1T
HEMERTEE] - $EATSEHHTESE - BB PRIE ARG - fE s dt KBy %2 - Chang et al.
(2002) FEHE AR & UAUIER 22 K PCA BEUAT R B s /K HURRRE G & BE HURCR.

1.3 REMRIZZER

WETFEIRE - HENRIMCRE - INRE - BENDEREHEYR ER REERBEEY
2 (Katsoulas and Kittas, 2008; Lin et al., 2024; Ma et al., 2019; Shi et al., 2024) - {Hifi /i =
EHER RiCE - BEDUBA R A E) - SRIER AR AN ARG - FBHER
ST ToT 35 O AT BRI e A Be G PERIBR IR - T AR e R IV BRIG 78 (Shafi et al.,
2019; Wakchaure et al., 2023) * {HE E A flr #2572 BRI RIRE » 3SR /N AR T e R DA
HERE (Rajak et al., 2023) AL - #&%_ERI1T RO EATE TR E 1 SR E E B E 2 (Gharghory,
2020; Kow et al., 2022; Li et al., 2024) -

HHT -t 2 E O R =R ETER TSR © Li et al. (2024) R 7 EREET]
FEHIEY LSTM J7 R MEETEA IR 25 N 22 @1 VR T - Kow et al. (2024a) fEHIR G EE
A AEBEA ToT ERIBNA] R 2 I ARG AE A 2 Al 7~ FH I © Sun and Chang (2023) AlIBH#E
T DF-RF-ANN R &AL » ] FH B R A5 AU A B ER A e b FHI R A 3 b - BB/
EEIES i R E - DUEROKEZE R HE (SDGs)

—-HRAE
2.1 FEBEBIERE AR

VEFE B8 R M SR T T-SB, - 105 A A IS RIS RS T R S I B L3
B SRR - ST - T BRI — B A - KO S R R T
G SETE B S A S EL 3R KR B RE 1] - YRR (e I E BN A
BRI B O A R ERERE S BAT SRS A - A
SRES  VEREER /D N\ TRFECETN o REREFE AR R - R T R RZ (LA
jj °

2.2 FEBHEHIFETRIE IR

AR T — R JIHEH (attention) FYIEAY » 1EEJIHEH R ChatGPT HYF%/ (ME
> EBAIA Y EREANERERIEE-E (Kow et al., 2024a; Sun et al., 2024) ° 15 JJHE g 1Y REF
BLAERY - R B S A B B FERY B A & (query) ~ #EAE (key) FIBUEM & (value) - H
tH o query HITE R/ VLD H 8 B 4 5 Y key » SEETT R B H—(ERIMARER J10 8 A0
Hept Rl Tay » a FMEHEE value fHIE - AR B HIEE JIHEHIRY 5384 (attention score) ©
EE P EE e 228 2 i A B8 AR T % - DLvdilk LSTM A1 HpEER 2 B
—Fr I LAY RE

2.3 BIRMWIEHR

CIEMREHERS (CNN) BB RPE R B2 — il AR E N RTEE RS - W EE S
#FEE (convolutional layer) » #i{LJE (pooling layer) B Z= 85 - CNN 32 8518 g %< B A
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BIBN R R - OB R R AR (RAE R - Al R T 2 R % - B
BRI - fGE N RS ER R - T CNN BT Eik B & A B E R
FEARIERAGR - RIELAE B SE SIS B 12 FE AT (Kow et al., 2022b) « AR A CNN &=
RIFFEIFFIE R - E SR B R AL -

2.4 RIGHARC ISR ER RS M0S

RIGIARCIERE (LSTM) & — T A E B Ui FCHEES (recurrent neural network, RNN)
HErRLERES i E AR E N A R AT AT BOEAE T - DIRAFHHIFIREE (Zhou et al., 2019;
Kow et al., 2024b) - LSTM ‘H45 = {E B AYEIFT = @ AP ~ B SBEPTF s e - 5 =1
IFT6E LSTM gefnisst A BRI RUmIFSHERS - RN A RIFFIE IR RAVRE -

2.5 BiEhSa3

H#miEas (autoencoder, AE) f&2 —TEIFEEE {EE A » Al DL Himilas (encoder) Edfif
588 (decoder) MIEES 5 » SRl 7] DLZZHUERIRYRFEL » RFERHE IR (AL RS - fRi5as
HI & H s iR E AR FUR RGBS - AE 1Y B2 8 R ik 1S S R iR B S T e
L HRBIERAE - FrEEEMBIEEE - @AY ER AR BUHSHEERKCCER
HELTIREMERE 2 1% » i AZ| LSTM fBE=CHErT 2 %I T (Kao et al., 2020; Kao et al., 2021) ©

2.6 FRE MBI M HESR R AR

I A B BRI HE 5 A A (adaptive network fuzzy inference system, ANFIS) & J& fAT I HE
w2t (fuzzy inference systems, FIS) FYZERE » 5 S FEMIASHE RS B FAHAR AR 142K B B i 22 15
MR R 228 (Jang, 1993) © FIS EFIMA{LAY IF-THEN KRS M AT 5 Hr A FEFEEEE » 1M
ANFIS SEEEE D REME T B PR E AR AR S TR 2 BRI RE - ANFIS 435 5 1 : 56—
& g A BB S BRI R B RN R SR TER = e b SEY
EEITHER © RIS AR (Kow et al., 2023; 5RIEE and HREEFK, 2015)

2.7 eXtreme Gradient Boosting (XGBoost)

XGBoost £:f% Gradient Boosting * g1 T FFEFERETREE ~ TERLDLURT T2 B s
B D REFHEAAEEERITRE E M (Chang et al., 2023) » &% (gain) » BZEK (cover)
FISER (frequency) =1 J7 = A RrBCETER A FIHE » RE A SUNERER & DU R E
Hhiig \FFECE 2RI RRE - SRR AE TR AN AUE AR (Li et al., 2022; Osman et al., 2021)

2.8 FREEIR

ATRFEEE I E (R (R?) FIBG/TIRAR 2 (RMSE) fF R BAIMERERSIE - 105 [ A P39i@
7 (MAE) - S FPERAATERAE S - Hh - 8 R? BUEBEST | - FREA e
EARMEE H IR E R (L - SRR B RS AARRES] - NOZFEIT 0 R 2R3 OrEEe -
MAE AT E PRI EE T IR E . PR PR SR - B EREIRY 0 RAFTH AN S 5 (H
BT - AHERHY RMSE © MAE N UM YR8 - RIIE & - RFAS R E e By
THMIREE M 5 1M RMSE HIRAE 78 » B S iR R T K < #7& R®  RMSE ]
MAE 38 =515 » AL 2 HA B Er G R AU A B A pE A e pfe 1 -
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= FEBENEHFRLUR BN RERERERRER

3.1 ZREH
(a) ERIFETELFAE B BIBVEN LB E

AT R FE @I R A Ze G5 YLt - 2 76 (EIRIDE « kT B S (F TR
TEA B IS AORETERT - ARFFei R AR B E & S LR T 3 - (B 1 B RS B IRZE RS
PEERHRETRE R » (eEHE R AT DR ZES] - EE I PM, | MR R His sl
REIZL > HAORTE 5= R R B AR E T3 AR K I3 BN - Rl
TBENZERIGYE s JLEE PM, 5 IEEEHEER - ZEIMEEREEE - PM,, ZERERA
5 e R R BRI DR b ) \EEE) - I Ze RIS R
ZEE R -

(a) (b)

20
12.5
15
10.0
10 75
5.0
5
2.5
0.0 . .
North Central Southern East North Central Southern East
(c) (d)
8
25
6 20
15
4
10
2 5
0 0
North Central  Southern East North Central Southern East

1. & H A E K PM, s 534 (a) FHE (b) A2 £ (0) Tw ki (d) Lo fad o

AHIFFERT B AR AR AN 2 A R DB ST A 2 B S g A AL
TR - BRI E A Rk 72 /NRFTER) - B EZE R B LR AQI FRARAY /A (E £
T (A1 : PM, 5, PM,(, O3, NO,, SO,, CO) » AR R{ERSEIAT (BT EHRA) - BRAA
FyARA 72 /NEFTEH PM, 5 HUIREE -

(b) RIS RTEAIRLER

3 BN T 2R ARAITHEIIRE R - AW TR IR (attention) fRAY DU RG]
LIRS (LSTM) fRAUATEHE: » Attention EAUAYFR AL LSTM fRAIEE )N » 3B T E R DIA L
HOPEANFIRF EEA R S EITRRR IR AU BRI IE - DAL el 1 PR R B2 i B AR S TH AR TR
fert TR ARG RE 25 LR B S A TS R T DA - BT = ISR RR 2 L
AR S - PEETHHIR P ERR (¢ T+1 2 T+72) » SRAEEK B 2R EAR N HEE g i
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T+24

T+48

T+72

Bx 72 PM, 5, PM;o, O3, NO,,
N S0,,CO, B, 18t R 72 25
RS /NG -

EICVAL %E}ﬁlﬁ
il (L)

27} A im*%-mb* °

AR
HlE

Tt o FE A R A TR R - BURRIERATRR ZRR - H R Il R ALER - SRETRIRR 2 R 2

S/ o IRERIRIEL 3.1(a) BEETAUHETFERA S ERHERTE - Hob o 8 3(c) K (d) B

& PM, 5 B P (EHEMEHE S - AT E MRS - RIS RGR AR - 8.2

REIRERATE /T R = 0.6 2 0.99 °

(a) SR (b) SAIEE (c) IIMRRIREHEAE 2 OREAR () WARREBAEOEHRERR
R IREHIRRY RIGHIGCIZEEIREY EEIHRIRER RIGHIsCIBEgREY = . . .
SlliRERIR EAER A I9E RIS RIREEAIFI9E
RMSE at t+1 RMSE at t+1 RMSE at t+2 RMSE at t+2
:‘; | 0 10 20 30 1 12
I 1 0 o8 - 10
8s 05 R*=0843 - 8 s 06 R®= 0.007 .
E | lI 0 T 04 o 8.
0 e.19 20 06 T e
‘mila HEEE | Emls H| o % 0«
RMSE at t+24 RMSE at t+24 RMSE at t+24 RMSE at t+24 _1 R2 0.6309 4 Bm O R2 0 8763 4 w
-15 _02 5 10 15 20 25
3 -2 ¢ 2 o4 2
g II 25 0 06 0
l [ | . [ | [ | R R IS RIR R
RMSE at t+48 RMSE at t+: 45 RMSE at t+48 RMSE at t+48 1 10 1 12
141
y [ R?=0.9872
o 05 R?=0.8413 ... | 8 L®0
¥ 0 e 05 e ® s
2 -0.5 o5 9. 10 Bex .° 6:5
44 -1 2 4 3 3
2 R? = 0.6208 © o W
0 RMSE at t+72 RMSE at t+ 72 ) RMSE at t+72 RMSE at t+72 -15 2 0 5 10 15
14 2 2
. 25 0o -05 R?=0.9307 0

it P m R

1t P = = it L3l m =

: . BRERR . BREERVSE
I , l BRI R RBWEZER - BXIR RVSE RENEZOSR

3.

an

v {8 & 3% PM, s % 575 $FAR3% £ (RMSE) ¢4 R (a) 314k (b) 813K (c) J4k R A
(d) A3 & B BRNE 2 ) 5 B 14 -

3.2 7K T 7kE KL
(a) AR EE U E

L2 B @t o EAFFEERL M E A SN - mEZFHIA R
EFRIERE - &F HIR AR BN R - TR 2R REE B E MR EREN
BT - NERZHEEN/K T KB RERELE (BN 78.8 22K) - EHUEEME KR HE
KA R 2 A= 7K SETE - R - ﬁﬁﬁﬁ%?ﬂ(ﬁ_‘ﬁuz&%m FEEEZALHWENL ~ Al
AR B E /K L SR /K W B PSR W I - MEETRE Ry 1981 ANEE - K[ ~ il B R E
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T » PO A Sk B Bk R e A ST SIS - IR B BT P (i
AR~ B ERKE L it BB L5 K & B ) s @ B = - SR E AL BT B R B
7 (https://data.taipei/index) 8 B 5 L AT FE IR ELE N & ULIE 11 BEEERN/K RACGEK 7553, 19
uh - AN EAE 4 Fs e

EHiEg
e
K
il
RE@h
A
RR@\ 8
4 _ﬁ E )
? \_'{L ?4%\\“
S = = = N N 7
EmhL) | |mml T\ wge—e
A in /:‘“ ‘i ‘_F' L 1—”’L§'d\
T =AM [ :
JT‘ﬁ§i;V‘ER\Df &l
S TV LS/ e s
3“'%5%10 TQ\\/‘ﬁ\\ A W=
—— mej/\ o KA
ISR AN TAEER
3 |
=
[ dw
| 2E
0 05 1 2 gt
e e ]

B 4. F KT KRE AR REIRE o

(b) FZKTKE KL FRERAR R

AW5EhEE HimiSas (AutoEncoder, AE) B2 EEASHEES (deep neural network, DNN) 2
FHT AR R B2 U (DNN-AE) » AE REE A= MEREE R » [T DNN GELEREHERR AR
HRETT S S RS BRI TEI - SE RS S RERHE D T E BRI IR = TR MEE 1% - 0] DNN-AE
PR T ACER AL Z R TEHIR S - SRS RE R B B ANE 5 Frs - E5ell AE AR E
TAGHEKNREHEE R E © AE 50,2 encoder #3453 1] #% 19 VLAY T 7KE /KA B R HE R ARG
(code) * FHfEFH DNN ST EAER AT ZKGEK A FHEER IS AL FHRIE - 2L CNN ~ BPNN
Bl LSTM 47 Bl » g A& RHE Gt @ s EE 11 (AW EIFF AN EE R (T-3-T)
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BT RIS (T-6-T) » DUEFT AR ZI S R Eimtin Z T - SRR Z R EUEERZE AE
202 decoder 53 » BVFIHEITAIE 10 (T+1) F 60 7388 (T+6) HYZKALFHME] - I ik =i
T THHEIFER -

Bi#rt%z3 (AE)

l‘ Encoder J L Code J Decoder NIKEKAL

NKEKAL

d A =
KALUS 1 S5g= oo KNS 1
IKGL E W \‘l/ B bISIVAY 3]
2 W //*"\ / X7 2
KAzt 2 3 , ,, H \\.‘, 3 KA 2
A\N \/A
= "‘*/“"7 V ,h\ «;( "',\ 7
VT i RFSD ‘ ’ & e V1]
KAzl 3 F "‘9\ "‘( ‘”' 4"“\( F KAzl 3
LR
1) e\
JKAiziid 19 ::%; ;::-%.:: ZKAzis 19
- Il Il
11 16
JUr
"o
j
1.2
—|F=
] n’-\'
EIEIPIZHAEE (CNN)

B 5. ok T oA ke ALK 2 A -

FEARTETE I X CNN » BPNN i LSTM #5& FAGE KA MR AE B - fHE
A —{E DNN-AE %3 > 435% C-AE > B-AE #2 L-AE £z 1§ 19 35 F/KEKAL.ZAK10
(T+1) E] 60 738 (T+6) FHH » FTEABEA T FAGEK G FEIFERIIAZER 1 > B T+ 2 T+6
Z RMSE #i A DA#EH - C-AE Bd B-AE (a2 TH I EBURE RMSE A28 Rry -
RMSE 772 0.21 2 0.51 m ZfH - H8EE ZHIAES - M L-AE .2 RMSE 7& T+1 &2
T+6 #fE B A/ N B E#EZEF - RMSE /T2 024 £ 0.54 m 28 » B~ L-AE TEElES
R HAREIE  Foid[RELHIEAE R nT DLFEH - 7E3IIRFE EE B-AE ¥ C-AE %302 RMSE
/KT 0.02 m » AEHIEEPE BRI ITZ C-AE Eb B-AE fETE S RS F — 2 - H S TE I
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Bk C-AE £ B-AE fRzUZTHRIF R Z @R - Ik r] DUSA C-AE 3 - K FAEHE
PERGHAR IR - (ERFF TR A B AR ERIRE T B-AE fRUHIfL 2 A 142
& - 1R/ pRIR REEE Te 0 SR o A B i HH O RA 1% - (BAE IR @ R S AU TR U0 © (8] 6 Kl
ARMEEE C-AE B4R 10 TAGEKNE, T+1 ZTHIFESR - ATDAEH C-AE fR=(fesyEiE
IROZHVEALIgES - IR (ER EHde R RAYE D -

& 1P R Ak KA TRANEE R g o

B
STk AL I,
T+1

0.47 0.45 0.47 0.22 0.21 0.30

T+2 0.48 0.46 0.49 0.23 0.26 0.24
T+3 0.49 0.46 0.54 0.25 0.24 0.45
T+4 0.50 0.47 0.52 0.25 0.29 0.24
T+5 0.50 0.47 0.49 0.26 0.31 0.28
T+6 0.51 0.48 0.51 0.26 0.33 0.46
& 10
g 5.0 -
E
¥
4.8 A
] ] L L) L}
10 20 30 40 ~— Real
Time = Predict

6. F A 10 FARE KAk T+ Bl PRAETFARLZ R A7 -

33 REMRIETER
(a) AR EE R

WFFEE AL R B — e R E U BA TR 22 - M EEIGERE - WEBHRNETE - K
e A T = (&R » 2B R EE (Central Weather Administration, CWA) 2 A
ERRTEARER X3 m’) » HERIFERFIRZENE loT f0#% - BRI 2020 4 4
H1HZE10 H 16 H » AWK SRR R ER—F 1 /NEF - DL CWA 8 THIRE R KX
IREEREER  FHHIARZK 3 /NERRE ARG - BIEIRE (°C) ~ HERRE (%) » i
& (W/m?)

KSR B SR RO SR = SRR TR R - AR A SIS 2 - HREOE
TGS - SRR ALER ARSI - KLt XGBoost T WIS RHEERE - DUEEHK
BIRCR - AHF9EER T EEMASHES (CNN) » RAARCIERERS (LSTM) Al E #E FERRS BRI
HUAHE (ANFIS) HETTIRZE AR EAITEHR] - CNN fEEF2IZE R - LSTM fERF P51 8
R ERBUESR - [ ANFIS HIGEE XU B B A E 1« 8 Lo AU Ry PR RE i ¥ L
ST B & IR IRE TR R S (R - DU SRR = NS RS EITI R oK -
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(b) ‘REMFIRTAIRAE

7 2 B XGBoost #25 H AR & H AV AT UEFR R &2 7 208 B S R B T
FEAE (T~T-2) 3F57 » AEHIMEDEA R AR - R REEFEERIAEE (temperature surface,
TSF) » 255 BE 7= (vapor pressure deficit, VPD) » FG#85 (short wave incoming radiation,
SWI) » tHENRFE (relative humidity, RH) s = #85S (longwave outgoing radiation, LWO) * TSF
B BEY AR E SN ; T VPD K RH HIE(EYZABCRHR - 228K NESIE
i 5 SWI HIE BT HIREY58R57 5 LWO HIS BRI = NSy R EE S RE & -

FEAh - EfEERE RAUR TR S22 FFE R E 2R CWA ERHEZ2E - BI40 TSF 2 THH]
IR RIRASEA T T SWI HEERRERTRNRR G HEBE S ; EEREEREZEE » L5 M 66
HFEBRIEEREZE ST - HEHESE SR MR RE Eoa - EhEfS RthEr » #
BRELE RS R KRB E S » DL R EmERS R e Y B S0 TR -

k2 HTFEHELER -

FHERRE R R

TSF 15 E SWI HE 7 B8 5 RH fHERRE
VPD 75 5@ 2 RH HH¥HRE VPD 75 5@ 7
LT HERE LT e LWO K5
B T HERE Bl SWI % 7 8 5
b 455 [Ealisicl LT HERE
[ty PN [l
RS RS RS

& 3r  FEXAEREBMRBEEENEZHEIGE S - Hp X DO E
(photosynthetically active radiation, PAR) B fy{E 5 » H R A R el nm e 2 2] H W22 15
LRV BRI TR R O BE I - DL R Ryl i e - ANFIS RITE A
0.8 DA b » REHEARAHISRIAR HIEEThRE(E 2 - HESAHE S Rt I R IR 5. - RS A R
IFZREEN - DL MAE R fEIE - CNN BRIEEE RN - HAmMRIEEER S E R E
- ERBAG AN A SR L (R -

k3. 5B X T+ FARILZ R -

CNN

0.75 2.50

LSTM 0.83 2.37
ANFIS 0.85 1.64
CNN 0.75 6.87
LST™ 0.70 7.49
ANFIS 0.80 6.94
CNN 0.97 33.13
LSTM 0.97 35.54
ANFIS 0.96 49.06
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I - #5Em

AW FeIE R B E B R 22 RI5HE ~ MK NZKGEZKAL R AR AR TEH - pZhRER T Al
FRAUESE SEER R T A EFIVE T - R By 8 AR B BRS RO =08 - s Sk A
R - EEEE I - RS a B SRR o ARRREUR - HEERE S SR G RTHE - K
EZKAITEE - 2R R TR - SRR BT e SamTE IR MR - B AE 2 AR
SHERIRORAT T - S5 IR A AR R A E FE TR AE A - AR R A B
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