» . F18E5F1MH2024FE 11 B
% =91 % B

%) Vol. 18, No.11  Nov. 2024
CHINESE JOURNAL OF ENVIRONMENTAL ENGINEERING

@ http://www.cjee.ac.cn @) E-mail: cjee@rcees.ac.cn G55 (010) 62941074

DOI 10.12030/j.cjee.202410102  E42RE X-1  CHkbRIES A

ANTERAERT TR M HOsEib 5 ARk
& B

MR R AR KA ES, AR, T A, AT ES, RS, e,
Ve

L EZARPERESZ RS TRSHBREE, L5 1000855 2. Wil K385 %% Be, Hi 310058; 3.
B Rh 27 B A 28 IR SRR 52 vt Tl J2 K T8 35 Ak 5 B IR AR L R TR S bty . dE 1000855 4. 3 f K 2E G 2%
Be, Jbat 100084; 5. EFRFFEH AR KRFHRER2ES TERA, A0 230022; 6. LRI T R EHIFE 5 A TEY
B, i 200237; 7. 48 M K2EIEE 5% 4 TRE2EBE, AWM 3501085 8. B 5 K 2F FRBE 4 B 15 Y 12 1 5 96 IR AL AF 52
ERESLRE, B 210023

 E A TSRS PR ALE, HERARE S, RS R A BT AR A RRR, 7E
DX AEERA SR D R R B DR, AN TR Y OB AR T —, BIREE TGS A8 & & i sy
Mo ASHFFE R SCHR TR BB T 1990—2023 F3REE T R4 5 A TR REFI DS 24 000 A6 3C, I T &EKIE
BB P AU G E B ST ALA, fbT T N T REAE PREE TR AU AR 55 7 1 BR, #8357 B G T Ak R Aok & Tt
P IR TEERPRR . ASWFIE ] O A T REAEPREE TR A0 9% 5 & R Bt s BURIIEL IS, B h 3k A BE T R
B R e .

KRR MEE TR ANTHAE; BISTTIn; PSR BT

A R R B 2021 4R 440 (NS ASRFMEILAL . R . A 2R RS Y fEpL AR
Y, $8H TR AR g RO G Y = KRB IR, FHERH T R X S LAY B
R, MRT, BRI AR A O R E A A RBR, R AERAE SRS AR AR R
FEAEGER . DRI, B T AR T B AR A e, BRI IA P T AR, iR
W AA AR T2 HARH2ERRBR, AERD R R A A4 2L T RE

BESEE T AR L HE AR, BB EPR DR iR, 20Uk c el T bRt i 240
B PR A N IR E AR T RS AR . IR E A SO . ik s R R R
AT S5, 15 YePiRSUBAME NIRRT SRR A, ISR 4 . TS, Brisdeia i oms, Mad2:
PLETSN EREGr k JissX, dladCR  AR S BRI 40V 28 SRl A5 s I IR]
HERL, sRadrT | SRR R E S EMNRIHEE TR BL

ANTARE (artificial intelligence, Al) S22 BB MIHAZ —, HEI L IRAFAR TN T AL AHD
R TRy AE ™Y, 2024 4F AT BTTIZAES T RGAE] 1 840x10° 3570, FlTt 2024—2030 4
TS ARG R 28.46%, F) 2030 4F Al TTZABLIEAR 8 267x10° IT. I FE45id 2023 4
EEEASHERY RS EAREEIHEE N RN TSR BRN H, MESEm o EECF i Bk
R, RGO ENEC RSSO, kb S BRI R (R E R A R ) s A
MG ERTE, P R B m A AR B R e T BB e D S R RGN A 2
— o (HIL AT S R R A ST A, N T e A N FH RIS T ARSI AR AT & J () i [ 2
—B I, RN TR REHAREINE TRSURAREEIEES . RN LR, B TR L R A 2
TR, R [E SR A R R A A SO B R R S 55
Wi HEA: 2024-10-24 RAHEHA: 2024-11-19
F—1EE: B (1968—), &, M+, W5, yangjing@nsfe.gov.en BRLE{FIEH


mailto:yangjing@nsfc.gov.cn

3050 ok L B ¥ W 18 %

It AHES A TR BRI TR & e 5, ASBFoR TS0k i, REmd %
30 AR TR N TR REAIDCHT 24 472 FRSC, 70 7 sku N IZ Sl =25 i, it 1
N TR BRTER TARSU RS 7 T8R0T A S AR AR A a3, JT s TIRTERPkAR.
ETE AL TR T BRA A8 U N A R BSOS, HESIPAEE TARRL L AATHT, LAY 4x
BRABEAIA] 2 R e i) 52 4Pk
1 #RI5EEE
L1 HiERIESHRE

AWFRFIEAEARE T Web of Science #%U A EAELEHEAE . APAFERBARSE R, RTS8k
& : TS ( Topic, which consists of titles, abstracts, and keywords ) = ( “artificial intelligence” OR “AI” OR
“machine learning”OR “deep learning”) AND SU ( Research Area ) = ( “environment* science* ecolog*”’OR
“environment* engineer*”) . iWiI N THRE, Planse>] . BREESA ) S5k, XA TR Reaisat i 9e,
WA B “Article B “Review Article”; fFG R REOKIE LT 24 709 f . SEICRIHRE, RE
24 472 AR LI
1.2 MRAEIER S

1) DISCEE R FECR AR, Wi s N TR RRZE MR TR e i BTk 734 . R ScientoPy (Ji)t
A 1.4.0 ) B X 1990—2023 4R SCRAR AR . FEEREFHRIAI TG00, HRaE T
TR T REAH OGRS A DTk 25 AR

2) i RN AR AT, F s N TR RETE AR T ARG b a5 5 ml 9 3R . R ScientoPy ( fiUA
1.4.0 ) B4 X 1990—2023 AFEHA[H] A F SRR SRRl IR A T4 00T, $as iz i B R FE gt A g
Kahd . WA TR REFPAEE 22 Rh s, Gfide 2 e = 1Y) 25 AN OCHER], 43 M SR (a] iy A8 A
JEfa AR T IERET 500 AOCHER], PRBOAEGUSAIOCA IR, JHSERK ARPREE ST AR Uit
FTEHERIEE,

3) A AREILI AT, R AN TR BRI TR A S 032 . R VOSviewer (IR
1.6.17) B9 MSCHREHEAUARET . DSR2 b S UL R R iRl RIARTE ] TR . Ao
FERATE IR 200 IRLAL . RBRiBEE GG, (RN TR ReS S MR Ak AEd: 61 4~ 48
TARTEZ [ IEIEL (P ARTEFERI—R e S R EL ) SR AR R (SRS
MR R R ), I VOSviewer A pli AR 24 (&7
1.3 ARG EHESE S

1) ER T, il RUIZ-ROSERO 48 21 AZL (1), HEIRSCRERIPFEIGKE (AGR) , L
MEFRE SRRV 09 A B R T N TR RBTE IR U R i R e, R TRE—XI i, e tknl
i AGR SR BH T BA A IR SO R

iP,- — Py

=Y
AGR= ——— 1
(Ye - Ys) +1 ( )

P AGR FrR K, Ys Fl Ye Sl 3R ki AR IR MZURAR; Pi FoR5 i AR A SCR

2) ARRERIIT . AN N T A BB T RRATUSAI Sy [ BB B A AR, BERRIABE e Hh AR
B AR E— A T . WG A0 B TR R AR HEA L SRS AR. (NCF ) AliEa#4 A1 ( Trend factor )
FTRARARTAIFSE 7 Tl A AR AR ik SBRSCHERIIR N FE— 2PN BE 1000 f AR h S ) g 11
LKA, FIARIEAZ (2) A1 (3) THE LA B B S AR 5 s A T btk R UOCHER R AT
3 AR5 2018—2020 4R LB, SRAVASL (4) TR



%11 Wids . N TEReAE I TR R . Pl b S Aokt ds 3051
Y.
N
Frory = ——x1000 2)
2P
i=Y,
Fop = &xlooo (3)
P,
Fn(202l~2023)
Trend factor = log| ——— “
n(2018~2020)

K Foyon B0 Y, 5 Y, ZIII NCF; F,, Fn 00 yr (9 NCF; F, ZoRCHEAN H B
2 ANILEREAEIMNETZSUs N AR
21 IMRETESUEATEREREXILXIER

SEEREE T RIS 5 T R A SOk 2000 i R

Sbre B 1R, RIS SO R R 17300 Rt iR

AERENG, AN 1990 4E 15 55 -a MM 2023 4F 7 g 1000

005 fats WEHE, LI20IS EAMITL, 5 5 o

NTREMCPREE TR S R, £ § 5

PR 56.01%. E 2023 FIE, k% = 5000

ROEL3K 24 472 1, FEWTIFIE SOk 2 PR 2500 |”

W32, BN R H 453 o 1@%@%@\0lg\%g\%g\%;\?!@w@z%w
XFE SCH AR T 0 [ R & SO AR

AT, HEA AT LAY [ 5 R XA 2(a) T 1 FETRMEA T SEEEE A RER

N, HEARTHAEZ S E (86145 ) 3 (1990—2023 £E)

(48360 ) « EIEE (166275 ) . JefE (1535 Fig. 1 Publications related to artificial intelligence in

Foi ) FGERE (1347 5%) o EARER, AREZRK

environmental engineering (1990—2023)

PME TR T RERE I R R S s 5. 1Eie
SCRF L, HEEREEMNE TR TR R R IMER, JUHAE 2018 4FLUS, 2 2023 FFE3CRFEED
it 3000 f-a s SEEFE TR TR REAHSCHNIS SO RBURAR TP, 72 2023 4254 1069 Fi. (Hif
i 56 ETE IR QU AR RSP . TEPME TR T BEUs ) & S AT T, S S5 32 ARy, BT
FERAER, (HITSAEN A s B P ; 11 S BN SE N A TR BRI R AP, (EUR
Bk

TERFFERA T I, PP AR T eI TR T BEGIER ISR . 1E AT SERZ AT 20 TMIFFE
PR, WP 75%. WASCEBRHEEIG AR, rPEBABEIEWIE, 155 1420 /i, 2018—2023 4

B
I3 000
1500

900

350

80

(a) FZ K3



3052 B ¥ I %184
0 10 20 30 50 70 80
R ‘ ‘ = o
L se
ROORAE o
TR =
R TR o
g e ’
= P 9
g s R e
N LE R i )
el st
E}{;ﬁ%ﬁ o —9-2018—2023 AGR
oL 2L )
Wik e . .
0 100 200 300 400 500 600 700 800 1400 1500
BB
(o) BLb %kt

2 INETRESUEAL

BRERRIE X ERL RE R

Fig. 2 Main countries and institutions where papers related to artificial intelligence in environmental engineering are published

WIS SCAAEAIE K RIE 76.6%; Ak, FRERIE
Bi ke (40.8% ) . BIUKE (18.4%) | FRH
,Eiﬂﬁ%(ﬂ4%)ﬂ%EﬁM(Mﬁ%)%E
W TR T Reoisl R etad, (AFF2ist, B
SEARAUGSE, T AR TR REA R A 2
PR EHESD S, X AT A 2010—2024 4F-4 ]
ANTRIH LRI E N T4 BERRUIT 22 P i Stk 1 S
Be ([ 3) . HERIE, 2023 IR HE LD Ee
SR TR STER T 510, S 2R B
TEwk 15 MO BeAh, Tl SR =2
WATEIE N TR RETEAS I E 2L R A
2.2 AT EREIMNE TGRS EIR 24T
i 25 F AR B AS W o T 8 FH 3 5 B R T 9
B, ANTH
(E10) . A=2&2% (C03) |

Y1145 B /peta FLOPs

&3

o0 CEA T ER ,
O[T e Tl
) . e R

R
. ‘ g
10° '.é' R
8 ., % ':'s" R
108 PR . ;:.,‘. '._" :
10! o LI S
10
102
DAY MNP INIHIBH
ET“
HAERIIT A\ T B AR BT & BERT R R SRR TE L

(2010—2024 £) ™

Fig. 3 Contribution of institution type to Al model
development over time (2010—2024) 1'%

Ve SRR r R R RTPREF H 35 B8 . Gk (K 4¢a) )
HEEHIERRL2: (D07 ) FiHiFE (DO1) ZfRl k@b iy vz, B

TRETEMNG T2
s, K

ANTH

KA

H26 71 Bjj i
HO1PFI R 55

GO2 T R4 5
E10¥ 55 T 2

EO7THLA R A5 T
EO3F ML 4T+ Rk
E02TCHLAES: @ bR
E014 @+
DO7IREE I ER R} 27

DOS KR

D04l BRI 5 25 1] P B
DO3 MR {LF

DO2H T2

DO1H Fi24

DO 13~

C20 B AL

C19 /K==

C13 u&+£§ﬁw L
CO06 5L 54 Y5 B
o3 trff“

CO2 HH4~#
BO9fiE I fk2F
BO6IAEEfb2% /

R,

1600

1200

800

400

/

N o N & S N > W\ >
S ~ ~N ~ N & ) I %
S S A I RO SO

(a) ATH

I
ETEHE & AR LTI O



55114 Wi N TR BEEIME TR RN Pl i 5 AR 3053

104 300
machine learning
deep learning 100 1000
B
X artificial intelligence. 80
E_’S
= remote sensmg 800
= 50
& 10°
@ convolutional neural network Tandom forest
& air pollut]on climate change 20 600
g sustamablllty classification
S COVID-19 artificial neural network
o @ o 10 () a0
& @ . O 200
égj 00 R 3
water quallty
- %%3 & ,
o o L) o .
. ° S 0
10° 10' 10?

1990—20174F ] H AT R
(b) N T ReFE I8 TARZAIIR A BT ) AR

4 AIERERASERFNREANE TSRS EEE
Fig. 4 The evolution of research directions in Al across various disciplines at the NSFC and in the field of environmental
engineering
W (E1001, E1002, E1003) . #5359 (E1005) | AIREELRJE SR (E1008) | FREfdRE
(E1009 ) S5E4M74500E N T A BEAEPREE T AR JEEL T T 1]
XA REAERREE T RIS SCrh H BT 100 ASCEEIRIE—2B4ei o0 dr, SR WIE 4(b) s, &
ORI RZ LT y=x FJ7, %%%2M8@EAIE%E%%I&@@%@%&AmLk%MF,Iﬂ
R, Hrp et 25, ISt KR AR N TR RERIH ST 0] . 28R 5 N TRRE
TEGE TR R R FETT T (1 4(a) ) AH—2. Ak, BEEDLER T R ] L AR T REAFAH
KAURI PG, N T REAERREE TR R SR PR 2t — 2
ARG B, MWAFIESCHIRE , SCH R A 2RI T 61 DNEAIATE, IR T LM%
WA 5 GERPR, RN T G, B ORI T I A RIZEN . SRS

semantic s@mehtation
L

bt
rk. Wan@sat argas

. .
~ingex ng
3 e - e
5 o0 mesis
= o]
b\g
w
Vah‘“o% rel—vﬂ evalution
E’Uﬁ
biod&*@ ?m?‘hange
Ews’am.{hmat@ange
%eduatmn
lhgt%
wawm
china
. area particulate matter
3 models impact
loglstic-rggression od aren prip-HEK
quiality

region  SUpport vegtor machine

basin
decisign tree gis

random forest
i

{}E) VOSviewer

(a) bl AR | PS4



3054 28

i
H
i
g
=i

H18 %

semantic segmentation

network landsat areas

neuraknetwarks index uav deep Iearnlng

_— v :
pregighon & @ classification modis
biomass time-series
machine learning val dation
- retrieval evolution
energy big data s v )
te-
biodiversity e L anee
_climate change
conservation,
recipitation
climate
patterns
china
particulate matter
models impact
logistic-regression e S
region  SUPPOTt vector machine quality
basin
decision tree gis
random forest
f’;‘*‘:., VOSviewer | . ; - |
g 2019 2020 2021 2022 2023

(0) SEBUGHT AR Y44 1 B 1)
El5 #Rel, KA EPSNE I E R AT AT ARIE L A 8]

Fig. 5 Frequent appearance of co-occurrence network diagrams and average appearance time of terms in co-occurrence
analysis in titles, keywords, and abstracts

AN EABLRRZES, TRBIEHRR, ailay ] () | W] (46) | B (Fe) | R
AR GEE) FIFERTRE SR (B ) o XF BRI Seit—Bor T M, N TR RETERRE U I
PR AT 7 9 N TR RE A B R e S HAE PR R BRI PR T . 455 AT BRAGFE4 it E] (P 5(b) ) ml,
TEid 2 30 245, N TR RESUESIY A AL T ARk A o AR AR 2 5 A A 1 A7 A — i
P, AEERSE TR S RS H AR TR B E . S8t , e o Al iR TRz /00 5 N T BE RS Sl
&, M ERINTLFRATA R, (N TR eI IRss TRREE TR A .

3 ALEREAEIMNE TIESUsSRI N FiaE Shkik

3.1 AT EREAME TIRSUSAs S e o

FEF Gk A TR T EE R, T TN T A REAE I T AR SURAN 5 7 Il 9 & SRS e WFFE T TRl
HEH A FRERT RIS IR, RIS EA, RREEH . M 24 472 Fg SOt Hh i
A 100 MFFE A, SFHA SEREE TRRSIEAICAT 18 NI IFE [ TS A 43T, HhIE 6(a) 4
WL, 10 M7 M BEHE N EE, Bn T AT BELE AR A & e b ()12 TS . BAAT
&, COVID-19 H#3HE T 0.71, {HEZEFHAE 20202022 4FH P EIIRITIE, RREEE A
FEIERIN; A REbE . WK, SSETR . TSR RO AR TR 0.2 A4y, RIHE
BRRINEIEE T KRR, 2550558 . SRS 7 a3 A F400 0.05~0.1, R T—E M)
KRBT

XF 18 AT 7 I (AREAL SRR R T HT, S5 A1E 6(b) iR, H 2020 4FLSK, {1
MK, SRR, KB, 2S00 . SR L, ATRREE A RRAE 10 A5 AIFE SCRRARGE b H BRI AT %
H#5ham, R EA B R REEAET . XoTie S5 N TATRRTERTS Y it . IR TiResr kit &
Vil B2 . KRB PSR R AT R I A ST,



55114 Wi N TR BEEIME TR RN Pl i 5 AR 3055

bi d(_irought =
1od1versity 2
precision agriculture E?TF%
soil moisture B E T
land use
agriculture

roundwater
r sustainable evelolgment
e M2.5
;*'Jz air quality

google earth engine
landsat

GIS

water quality
sustainability
COVID-19

air pollution
climate change

-04 -02 0 02 04 06 08
R T
(a) EEBTOT 1 AT

3.2 AIERAEINETIZSUgATHER

S o N N O = =12 78 W b e VAR T VST -2 17 ) S S o N e R 2 (= B N
FRE R e A S PR ) @ e . SR, PRETE MY R R e, PREE TR I A2 A ny 3 s )
M, TR A, I, SIS TR BRI A RS, N TR RETERRlE AR U 0 H] 1 5 S A
IRGEZ T

) MR TRSESRATE. Vel BA TR RN FE, AR RN F T i 2 E, (&
Giblgny k2 i 155 . BA—En MR, MELURRIAGE TR IR A . 385 IS ]
BT R N T RE T H Al s A FRENIAGE Fifi s sy T R 22, Xl RE S BUR R, sU2h T
Bz RAEREEREY, BT HIEESS , TESE SRS, W ERREAE S BUAN S, S
fF, DA ChatGPT ACFRAYHE T K i 2% > #ifif N AU A B N A AR XN T3 68 ( generative artificial
intelligence ) FEARTGHEAJE, BONR YHTHREA N AT RN TR REEOR, WA TR RETEIRLE AU
FHARHTAALIEE , fEBIAE N T REEOR MU (5 BAC B 5 7 MR 1 AR R ) 2S5 DAL R 7, B
BE T AR S AT 5L TAl for Science”WHLER!, TERE A . MARREEE . mEEMWSENR TR T )
TIRVEFRAAR . HER RS, HESIRL =R AT, S FaR BbR, RE SRR EE T AR AR
RN TR BRI AL, AN TR Be 5 I T AR ST AL #4432, DA R I [ 3 N T R

(artificial general intelligence, AGI) [ TR 2T 552 e AR a4 B R kAR

) IR TRSVEBRATERR. A TR, AN TRV SECRE VI, g AL 7Ebk /2
PGSR KIS MR RS W S AR T T 101 2 N, RS AR DG R SRR i ST {5 BE 9 88 H #5
WA, ALBERBFA AT GBI, SRR L F RGBS RB I, T3 AT
BENTARRE (xAL) YERMST YA, E e BT A S U R TR, (R E
HRE A BRI RS20 . 38 i AR R E U A A e MEPA S D, SRR e Al
PE, BUNDCHERE N ER . 256 R, AW RS R AR RERE T, AR il AN T RR 0 e o
Fgt iRl . KEE Al BITEL G T 0T, 2R xAT J7 3k D038 o A b AR £ 2ok 2 A
AR S AT AR A I AR A T R AR AR, AR, XAl C AUV L g5 > 1Y
AT T, (HX S e R Z G 0 T TS A sy ok, ST TR &
1T xAL J7EF RN T LR A S )T

3) IMETRS AN TEEIRBAIN. A\ TR R & RT3 R 25 EEK, mits & T A
X RETE T AR FIRSHE RS I PR EERON RS, HRAE DGR AT RIICY, 2020—2024 4RI 2EREA 1) 79 4>
FEANTHERARGS, wHEEHEATT 20% WA TR RS RAERAERIE 1.026x10° tCO, it ik 2
Wb, FHICATRE AR LT 100x10° JET0HImRPE, XPMRTTS ™ AR ZEE W, Ak, Aok 5~10 4B, AN T8
R 55 R RO LLBEAR 30%0~40% TEREIEYS, 51K N T RERGMIFRFEEEN. BHBIUER . RBIIHAER
WEHFR AR S P, 7EHESE N TR RE A ReVIRING , ARSI A BB, i, ZEmmsE AL
B REAPMAGU R BRI . TR AT . BOE S N TR RE RGAHVEFCARRHERR S (455
W ARRHRREE ) BY | 4w ARl T e 55 i, /s SRRl R M, ARG AT RE



3056 ok L B ¥ W 18 %

drought 40
biodiversity &
precision agriculture <
soil moisture 30 B
land use 3
agriculture =
roundwater ey
sustainable development 20 ¥
M2.5 K
air quality ]
google earth engine 10 &
landsat [ | EE|
GIS i
water quality S
sustainabilit 58
COVID-1 —
air pollution iy
climate change [ | 0
N VOO AN DI HD
S N NN NSNS T IIY
N
AR

(b) Friflfb RFROCHER A
6 AT ERAMNE TR ERMR A EES R B E L R RITNE

Fig. 6 Evolution trend of the top 18 research directions of artificial intelligence application within the field of environmental
engineering based on trend factor and normalized cumulative frequency

BT JE IR, A SR TR AT Rk

4) IMETAESATEERMARECR S, @B E R B TAEE AT BORBDTA N
A1, T E AT BRI R P R B ATLEYE . o, BORMIEZOR AL RGR L BA EVITER AT e
P, T AP A O HR A PR T B . HAR, BORMIE 20K Al RGERAERAAIEN:, IBi1E
PR WA R AOPE BRIRIRR, il AT ZRGENHTPR5E TRESUERT 5 Y W HERCTN S SO, Sk 25 5
SRR A HESTERI A TENE S S5 —T5h, FERET D0 LB R AU, BiteAS i i 2 ] g2 38
Al RGEXHLEH XA PR KU R OR , BRI ARSI, AT T3R5 TR St
A B BOR T E AT S, SO PR AR A . I LA P R A S A EME . £
L, ARG IS =T A TR, 15 AT ARG B I IE BRI B i, did 2207 3L R 5%
71, $hE AL TEPRE TRESUEN AR

AL, N TRREFEPRSE TR, Wi ST B . IRttt . BT
FAMERLS R AHERGT . 2405 BRS BRI AR T 2 B R

4 i

N T RENE A B MR TR AR, A T AR h (B 2k H 35380, T4k, A TR RS reF E &
ik, HAEPREE TREFRHOK IR T . 25050 . A R S AR A AR R S5y 1) B A%
N FRBLE 1 . Rk, RN 22 4 A5 A FREE IR REURN R 35 DR e BT A kR, e AR A T3
AE. MIARREANTABE. N TAREMEERUN . BOR S5 W E S5 kAR, 76 T ReRl Bh A ss TREIERtR
Flngfgge . N TRV RE+IAEE T2 ( Al+Environmental Engineering ) AFF3iCAg sy 47 I SCENAE M, SO
FREALE TREFARE BRI & R

2 %

[1]  HOLZINGER A, KEIBLINGER K, HOLUB P, et al. Al for life: Trends in artificial intelligence for biotechnology[J]. New Biotechnology, 2023, 74: 16-24.

[2]  Statista. Artificial Intelligence: Global Investment and Trends [EB/OL]. [2024-11-10] https:/www.statista.com/outlook/tmo/artificial-intelligence/worldwide#
market-size.

[3] ZHONG S, ZHANG K, BAGHERI M, et al. Machine learning: new ideas and tools in environmental science and engineering[J]. Environmental Science &
Technology, 2021, 55(19): 12741-12754.

[4] RUIZ-ROSERO J, RAMIREZ-GONZALEZ G, WILLIAMS J M, et al. Internet of things: A scientometric review [J]. Symmetry, 2017, 9(12): 301.

[5] VANECK N, WALTMAN L. Software survey: VOSviewer, a computer program for bibliometric mapping[J]. Scientometrics, 2010, 84(2): 523-538.

[6]  ZHU J J, DRESSEL W, PACION K, et al. ES&T in the 21st century: A data-driven analysis of research topics, interconnections, and trends in the past 20
years[J]. Environmental Science & Technology, 2021, 55(60): 3453-3464.

[7]  MARCAL J, BISHOP T, HOFMAN J, et al. From pollutant removal to resource recovery: A bibliometric analysis of municipal wastewater research in
Europe [J]. Chemosphere, 2021, 284: 131267.


https://doi.org/10.1016/j.nbt.2023.02.001
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://www.statista.com/outlook/tmo/artificial-intelligence/worldwide#market-size
https://doi.org/10.3390/sym9120301
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1016/j.chemosphere.2021.131267

55114 Wi N TR BEEIME TR RN Pl i 5 AR 3057

(8]

(9]

[10]
[11]

[12]
[13]

[14]
[15]

[16]
[17]

[18]
[19]
[20]
[21]
[22]
23]
[24]
[25]
[26]
271

(28]
[29]

[30]

[31]

(32]
[33]

MORAL-MUNOZ J A, HERRERA-VIEDMA E, SANTISTEBAN-ESPEJO A, et al. Software tools for conducting bibliometric analysis in science: An up-
to-date review [J]. Profesional de la Informacion, 2020, 29(1): €290103.
YUY, WANG S, YU P, et al. A bibliometric analysis of emerging contaminants (ECs)(2001-2021): Evolution of hotspots and research trends[J]. Science of
the Total Environment, 2024, 907: 168116.
PERRAULT R, CLARK J. Artificial intelligence index report 2024 [J]. 2024, arXiv: 2405. 19522.
BIAN Y, LU Y, LI J. Research on an artificial intelligence-based professional ability evaluation system from the perspective of industry-education
integration[J]. Scientific Programming, 2022(1): 4478115.
Epoch Al. Compute trends across three eras of machine learning[EB/OL]. [2024-8-31]. https://epochai.org/blog/compute-trends.
LIU X, LU D, ZHANG A, et al. Data-driven machine learning in environmental pollution: gains and problems[J]. Environmental Science & Technology,
2022, 56(4): 2124-2133.
AL, XA, WK, M AKE. T3 REAK A A T R R AIT 7 R 48 (] PR4 T RE2A4R, 2024, 18(5): 1205-1218.
MORGAN D, JACOBS R. Opportunities and challenges for machine learning in materials science[J]. Annual Review of Materials Research, 2020, 50: 71-
103.

I, S SO, BRH T, . ARG T AR e PR A TAR T (RIS (1], PRe TARA4R, 2024, 18(9): 2375-2380.
MALVIYA A, JASPAL D. Artificial intelligence as an upcoming technology in wastewater treatment: A comprehensive review[J]. Environmental
Technology Reviews, 2021, 10(1): 177-187.
XU'Y, WANG Z, NAIRAT 8, et al. Artificial intelligence-assisted prediction of effluent phosphorus in a full-scale wastewater treatment plant with missing
phosphorus input and removal data[J]. ACS ES& T Water, 2023, 4(3): 880-889.
ALAM G, IHSANULLAH I, NAUSHAD M, et al. Applications of artificial intelligence in water treatment for optimization and automation of adsorption
processes: Recent advances and prospects [J]. Chemical Engineering Journal, 2022, 427: 130011.
WU YP, XU M, LIU SM. Generative artificial intelligence: a new engine for advancing environmental science and engineering[J]. Environmental Science &
Technology, 2024, 58: 17524-17528.
LAWRENCE N D, MONTGOMERY J. Accelerating Al for science: open data science for science[J]. Royal Society Open Science, 2024, 11(8): 231130.
MARGULIES F, ZEMANEK H. Man's role in man-machine systems[J]. Automatica, 1983, 19(6): 677-683.
LIEBIG L, GUTTEL L, JOBIN A, et al. Subnational Al policy: shaping Al in a multi-level governance system[J]. Al & Society, 2024, 39(3): 1477-1490.
PICHLER M, HARTIG F. Machine learning and deep learning-A review for ecologists[J]. Methods in Ecology and Evolution, 2023, 14(4): 994-1016.
MINH D, WANG H X, LI Y F, et al. Explainable artificial intelligence: A comprehensive review [J]. Artificial Intelligence Review, 2022, 55(5): 3503-3568.
LINARDATOS P, PAPASTEFANOPOULOS V, KOTSIANTIS S. Explainable ai: A review of machine learning interpretability methods[J]. Entropy, 2020,
23(1): 18.
NALLAKARUPPAN M K, GANGADEVI E, SHRI M L, et al. Reliable water quality prediction and parametric analysis using explainable Al models[J].
Scientific Reports, 2024, 14(1): 7520.
LUERS A, KOOMEY J, MASANET E, et al. Will Al accelerate or delay the race to net-zero emissions? [J]. Nature, 2024, 628(8009): 718-720.
TADDEO M, TSAMADOS A, COWLS J, et al. Artificial intelligence and the climate emergency: Opportunities, challenges, and recommendations[J]. One
Earth, 2021, 4(6): 776-779.
YU Y, WANG JH, LIU Y, et al. Revisit the environmental impact of artificial intelligence: the overlooked carbon emission source[J]. Frontier in
Environmental Science & Engineering, 2024, 18(12): 1-5.
CHIEN A A, LIN L, NGUYEN H, et al. Reducing the Carbon Impact of Generative Al Inference (today and in 2035)[C]//Proceedings of the 2nd workshop
on sustainable computer systems. 2023: 1-7.
BAUM S D, OWE A. Artificial intelligence needs environmental ethics[J]. Ethics, Policy & Environment, 2023, 26(1): 139-143.
NISHANT R, KENNEDY M, CORBETT J. Artificial intelligence for sustainability: Challenges, opportunities, and a research agendalJ]. International
Journal of Information Management, 2020, 53: 102104.

(UAEZ R4 2BEL)


https://doi.org/10.1016/j.scitotenv.2023.168116
https://doi.org/10.1016/j.scitotenv.2023.168116
https://epochai.org/blog/compute-trends
https://epochai.org/blog/compute-trends
https://epochai.org/blog/compute-trends
https://doi.org/10.1146/annurev-matsci-070218-010015
https://doi.org/10.1080/21622515.2021.1913242
https://doi.org/10.1080/21622515.2021.1913242
https://doi.org/10.1016/j.cej.2021.130011
https://doi.org/10.1098/rsos.231130
https://doi.org/10.1016/0005-1098(83)90031-6
https://doi.org/10.1111/2041-210X.14061
https://doi.org/10.1007/s10462-021-10088-y
https://doi.org/10.3390/e23010018
https://doi.org/10.1038/s41598-024-56775-y
https://doi.org/10.1038/d41586-024-01137-x
https://doi.org/10.1016/j.oneear.2021.05.018
https://doi.org/10.1016/j.oneear.2021.05.018
https://doi.org/10.1016/j.ijinfomgt.2020.102104
https://doi.org/10.1016/j.ijinfomgt.2020.102104

3058 ok L B ¥ W 18 %

Application of artificial intelligence in environmental engineering: Hotspots
evolution and future trends

YANG Jing"", ZHANG Meng’, ZHU Liang’, ZHANG Weijun®, XU Ming’, WANG Dongsheng’, YU Hanging’,
WANG Hualin®, WU Minghong’, REN Honggiang®

1. Department of Engineering and Material Science, National Natural Science Foundation of China, Beijing 100085, China;
2. College of Environmental and Resources Sciences, Zhejiang University, Hangzhou 310058, China; 3. National Engineering
Research Center of Industrial Wastewater Detoxication and Resource Recovery, Research Center for Eco-Environmental
Sciences, Chinese Academy of Sciences, Beijing 100085, China; 4. School of Environment, Tsinghua University, Beijing
100084, China; 5. Department of Environmental Sciences and Engineering, University of Science and Technology of China,
Hefei 230022, China; 6. School of Resources and Environmental Engineering, East China University of Science and
Technology, Shanghai 200237, China; 7. College of Environment and Safety Engineering, Fuzhou University, Fuzhou 350108,
China; 8. State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University,
Nanjing 210023, China

*Corresponding author, E-mail: yangjing@nsfc.gov.cn

Abstract Environmental engineering is confronted with new challenges and prospects. It necessitates a shift in
the paradigm of scientific research, and transcending the disciplinary confinement of end-management as the
primary objective. This shift is crucial for enabling environmental engineering to play a more pivotal role in
addressing global ecological and environmental challenges. On the other hand, artificial intelligence (Al) stands
as one of today's innovative technologies, with its application in environmental engineering marking a pivotal
direction for future innovation. This study employed bibliometric methods to sift through an extensive collection
of over 24 000 papers related to Al and environmental engineering, spanning from 1990 to 2023. It analyzed the
prominent institutions globally involved in this field, illustrated the current research directions of Al in
environmental engineering, and discussed the evolution and future trends of research hotspots. Additionally, the
potential challenges were also raised. Consequently, this study aims to provide suggestions and insights for the
research and development of Al in environmental engineering, facilitating the rapid advancement of China's
environmental engineering disciplines.
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